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BUILDING A 100 PERCENT CLEAN ECONOMY:
PATHWAYS TO NET ZERO INDUSTRIAL
EMISSIONS

WEDNESDAY, SEPTEMBER 18, 2019

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENVIRONMENT AND CLIMATE CHANGE,
COMMITTEE ON ENERGY AND COMMERCE,
Washington, DC.

The subcommittee met, pursuant to call, at 10:00 a.m., in the
John D. Dingell Room 2123, Rayburn House Office Building, Hon.
Paul Tonko (chairman of the subcommittee) presiding.

Members present: Representatives Tonko, Clarke, Peters,
Barragan, Blunt Rochester, Soto, DeGette, Schakowsky, Matsui,
McNerney, Ruiz, Dingell, Pallone (ex officio), Shimkus (sub-
committee ranking member), Rodgers, McKinley, Long, Flores,
Mullin, Carter, Duncan, and Walden (ex officio).

Staff present: Adam Fischer, Policy Analyst; Jean Fruci, Energy
and Environment Policy Advisor; Caitlin Haberman, Professional
Staff Member; Rick Kessler, Senior Advisor and Staff Director, En-
ergy and Environment; Brendan Larkin, Policy Coordinator; Dustin
Maghamfar, Air and Climate Counsel; Nikki Roy, Policy Coordi-
nator; Mike Bloomquist, Minority Staff Director; S. K. Bowen, Mi-
nority Press Assistant; Ryan Long, Minority Deputy Staff Director;
Mary Martin, Minority Chief Counsel, Energy and Environment
and Climate Change; Brandon Mooney, Minority Deputy Chief
Counsel, Energy; Brannon Rains, Minority Staff Assistant; and
Peter Spencer, Minority Senior Professional Staff Member, Envi-
ronment and Climate Change.

Mr. ToNKO. Good morning, everyone. The Subcommittee on Envi-
ronment and Climate Change will now come to order.

I recognize myself for 5 minutes for the purposes of an opening
statement.

OPENING STATEMENT OF HON. PAUL TONKO, A REPRESENTA-
TIVE IN CONGRESS FROM THE STATE OF NEW YORK

Today’s hearing will examine greenhouse gas emissions associ-
ated with the industrial sector, which includes a wide range of
manufactured products and processes, including several energy-in-
tensive and trade-exposed industries.

Many of these industrial products are critical to our economy, in-
cluding steel and cement, chemicals and fertilizers, glass, paper,
and aluminum products, to name a few. Despite their importance
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to our lives, they are also a large and overlooked source of emis-
sions and projected to grow through mid-century.

We cannot achieve meaningful climate targets, such as our econ-
omy-wide net zero by mid-century goal, without significantly reduc-
ing industrial emissions but industrial emissions can be difficult to
directory. They are often produced from high temperature long-du-
ration heat production and chemical reactions. Unlike much of the
power sector and light-duty vehicles, in many cases, cost-effective
low-carbon solutions are not commercially available yet and there
is no one solution to cut across all the diverse subsectors.

While decarbonizing industry certainly has its challenges, there
are near-and long-term solutions. In the near-term, there are well-
developed technologies and strategies that, if given the proper in-
centives and policy certainty, industry can start to make invest-
ments. These include improving energy efficiency, deploying CHP
systems, CHP systems, fuel switching, and increasing recycled con-
tent. The Federal Government could help form markets and pro-
vide assistance to incentivize these types of actions right now. For
example, the public sector is a major purchaser of steel and ce-
ment. Through the power of procurement policy, we can drive mar-
ket demand for low-carbon industrial products.

Longer-term options will require significant Federal investments
in RD&D for technology development, such as: carbon capture, uti-
lization, and storage; breakthroughs in chemistry and materials;
and the use of hydrogen. Some of these innovative options may
take several years to become widely deployed but will likely be nec-
essary to achieve major reductions in the sector. It is critical that
we focus Federal efforts today in order to achieve targets that are
still decades away.

Unlike other sectors, many energy-intensive industries face glob-
al competition. Poorly designed policies risk the leakage of pollu-
tion, production, and jobs overseas. Many of us know the con-
sequences of de-industrialization. I do not have to look any further
than my own hometown in New York’s 20th Congressional District.

Manufacturing has always been a gateway to the American mid-
dle class. It was the lifeblood of my and many other communities
across the country and, sadly, we know what happens to commu-
nities when production moves overseas. Our policy preferences
should seek to both spur decarbonization and promote domestic ad-
vanced manufacturing.

Rebuilding, retooling, and reinvigoration American manufac-
turing must be a fundamental component of our climate response.
That is why I believe it is imperative to understand and to seek
to mitigate potential competitiveness concerns, rather than dismiss
them. At the end of the day, it is good for both us and global cli-
mate action if these manufacturers continue to operate here, where
they employ Americans and produce more cleanly than their for-
eign competitors.

In order to succeed, Congress must provide the assistance nec-
essary to enable the United States’ industry to achieve ambitious
targets on a reasonable and certain time line. This will likely need
to be done with a mix of incentives and requirements.

Without a doubt, decarbonization of the industrial sector will be
challenging. And I hope today we can better understand those chal-
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lenges and the potential solutions but, above all, we must recognize
that industrial decarbonization is necessary and possible with the
right mix of well-designed policies, Federal investments, and mar-
ket development.

Through smart climate and industrial policy, Congress can help
American manufacturers transition to cleaner production while in-
vesting in the technologies, the practices, and the people that will
make us globally competitive long into the future.

[The prepared statement of Mr. Tonko follows:]

PREPARED STATEMENT OF HON. PAUL TONKO

Today’s hearing will examine greenhouse gas emissions associated with the indus-
trial sector, which includes a wide-range of manufactured products and processes,
including several energy-intensive and trade-exposed industries.

Many of these industrial products are critical to our economy, including steel, ce-
ment, chemicals, fertilizers, glass, paper, and aluminum products to name a few.

Despite their importance to our lives, they are also a large and overlooked source
of emissions and projected to grow through mid-century.

We cannot achieve meaningful climate targets, such as our economy-wide, net-
zero by mid-century goal, without significantly reducing industrial emissions.

But industrial emissions can be difficult to decarbonize. They are often produced
from high-temperature, long-duration heat production and chemical reactions.

Unlike much of the power sector and light-duty vehicles, in many cases cost-effec-
tive, low-carbon solutions are not commercially available yet. And there is no one
solution to cut across all the diverse subsectors.

While decarbonizing industry certainly has its challenges, there are near- and
long-term solutions.

In the near-term, there are well-developed technologies and strategies that if
given the proper incentives and policy certainty, industry can start to make invest-
ments.

These include improving energy efficiency, deploying CHP systems, fuel switching,
and increasing recycled content.

The federal government could help form markets and provide assistance to
incentivize these types of actions right now. For example, the public sector is a
major purchaser of steel and cement.

Through the power of procurement policy, we can drive market demand for low-
carbon industrial products.

Longer-term options will require significant federal investments in RD&D for
technology development, such as carbon capture, utilization, and storage; break-
throughs in chemistry and materials; and use of hydrogen.

Some of these innovative options may take several years to become widely de-
ployed but will likely be necessary to achieve major reductions in the sector.

It is critical that we focus federal efforts today in order to achieve targets that
are still decades away.

Unlike other sectors, many energy-intensive industries face global competition.
Poorly designed policies risk the leakage of pollution, production, and jobs overseas.

Many of us know the consequences of deindustrialization. I do not have to look
any further than my hometown.

Manufacturing has always been a gateway to the American middle class. It was
the lifeblood of my, and many other, communities across the country. And sadly, we
know what happens to communities when production moves overseas.

Our policy preferences should seek to both spur decarbonization and promote do-
mestic, advanced manufacturing.

Rebuilding, retooling, and reinvigorating American manufacturing must be a fun-
damental component of our climate response.

That is why I believe it is imperative to understand, and seek to mitigate, poten-
tial competitiveness concerns rather than dismiss them.

At the end of the day, it is good for both us and global climate action if these
manufacturers continue to operate here, where they employ Americans and produce
more cleanly than their foreign competitors.

In order to succeed, Congress must provide the assistance necessary to enable
U.S. industry to achieve ambitious targets on a reasonable and certain timeline.
This will likely need to be done with a mix of incentives and requirements.
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Without a doubt, decarbonization of the industrial sector will be challenging. I
hope today we can better understand those challenges and the potential solutions.

But above all, we must recognize that industrial decarbonization is necessary and
possible with the right mix of well-designed policies, federal investments, and mar-
ket development.

Through smart climate and industrial policy, Congress can help American manu-
facturers transition to cleaner production while investing in the technologies, prac-
tices, and people that will make us globally competitive long into the future.

Mr. ToNko. With that, I know recognize the ranker of the sub-
committee, Representative Shimkus, for 5 minutes of opening
statement.

OPENING STATEMENT OF HON. JOHN SHIMKUS, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF ILLINOIS

Mr. SHIMKUS. Thank you, Mr. Chairman.

Whenever I hear an idea for what we can do to keep global
warming in check, whether it is over a conference table or a cheese-
burger, I always ask this question: What is your plan for steel? I
know it sounds like an odd thing to say but it opens the door to
an important subject that deserves a lot more attention than any
conversation about climate change.

Making steel and other materials, such as cement, plastic, glass,
aluminum, and paper, is the third biggest contributor of green-
houses gases behind agriculture and making electricity. It is re-
sponsible for a fifth of all emissions and these emissions will be
some of the hardest to get rid of. These materials are everywhere
in our lives and we don’t yet have proven breakthroughs that will
give us affordable zero-carbon versions of them. If we are going to
get to zero-carbon emissions overall, we have a lot of inventing to
do.

Steel, cement, and plastic are so pervasive in modern life that it
can be easy to take them for granted. The first two are the main
reasons our buildings and bridges are so sturdy and last so long.
Steel, cheap, strong, and infinitely recyclable, also goes into shin-
gles, household appliances, canned goods, and computers. Concrete,
rust-resistant, rot-proof, and nonflammable, can be made dense
enough to absorb radiation or light enough to float on water.

As for plastics, they have a bad reputation these days and it is
true that the amount piling up in our oceans is problematic, but
they also do a lot of good. For example, you can thank plastics for
making that fuel-efficient car you drive so light. They account for
as much as half of the car’s total volume but only ten percent of
its weight.

So how do we cut down on emissions from all steel, cement, and
plastic we are making? One way is to use less of all these mate-
rials. There are definitely steps we should take to use less by recy-
cling more and increasing efficiency but that won’t be enough to
offiet the fact that the world’s population is growing and getting
richer.

As the middle class expands, so will our use of some materials.
In a sense, that is good news because it means more people will
be living in sturdy houses and apartment buildings and driving on
paved roads, but it is bad news for climate. Take Africa, for exam-
ple. Its emissions from making concrete are projected to quadruple
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by 2005. Emissions from steel could go up even more because the
continent uses so little now.

If using less isn’t really a viable option, could we make things
without emitting carbon in the first place?

That is, in fact, what we will need to do but there are several
challenges. First, these industries require a lot of electricity which,
today, is often generated using fossil fuels. Second, the processes
also require a lot of heat, as in thousands of degrees Fahrenheit,
and fossil fuels are often the cheapest way to create that heat.

Finally, and this might be the toughest challenge of all, manufac-
turing some of these products involves chemical reactions that emit
greenhouse gases. For example, to make cement you start with
limestone, which contains calcium, carbon, and oxygen. You only
want the calcium so; you burn the limestone in a furnace along
with other materials.

You end up with the calcium you want plus a byproduct you
don’t want, carbon dioxide. It is a chemical reaction and there is
no way around it.

As brilliant as this opening statement is, it is not from me. It is
from a blog post on August 27th by Bill Gates.

I have noted in previous hearings that we should keep appro-
priate perspective on the scale and source of the problem we are
trying to address, and this is especially important when it comes
to reducing emissions in the industrial sector. If we impose overly
restrictive rules and regulations domestically, we raise the cost of
energy and feedstock. We lose control over essential parts of the
critical supply chains. We increase reliance on foreign industries
and manufacturing and simply displace industrial emissions from
the United Sates to other nations, along with our manufacturing
jobs.

For emission reductions in this sector to make an impact on glob-
al greenhouse gas budgets, the reduction should occur where the
industrial output will be growing the most.

That will mostly likely be China, India, and the developing
world. The trick for the United States will be to develop the cleaner
technologies and practices to explore to developing nations, while
avoiding cost and regulatory burdens that will make essential
goods more expensive and drive our industries overseas. We do not
want to put the United States at a competitive disadvantage to
other nations or deprive our nation important opportunities to in-
novate and develop the new industrial sectors that promise cleaner
future energy systems.

Today’s testimony will note that reducing emissions across the
sector is not easy or even possible, in some cases, based upon brute
facts of physics, chemistry, and economics. But we will also note in
this hearing that there are practical policies to pursue that can
make a difference domestically and can help set the U.S. industry
to advance cleaner technologies and processes in the future.

Chairman Tonko, there are bipartisan legislative solutions we
can sign into law this Congress that will remove some of the bar-
riers to innovation in the industrial sector. If you want to start
making progress on the industrial emissions, let’s start with what
we know we can do today to make a difference in the innovation
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landscape, while protecting our national interest and the interest
of our workers and consumers.

And with that, I thank you for the time and I yield back my
time.

[The prepared statement of Mr. Shimkus follow:]

PREPARED STATEMENT OF HON. JOHN SHIMKUS

Bill Gates noted in a blog post a few weeks ago that, when somebody talks about
reducing greenhouse gas emissions, he always asks them: “what’s your plan for
steel?”

A good question. Gates point is that any serious attempt to reduce greenhouse
emissions economy-wide must grapple with the energy and process emissions from
the industrial sector. And that means the core ingredients and building blocks of
our modern society.

This includes iron and steel, basic chemicals and petrochemicals, cement, fer-
tilizer, plastics, glass, aluminum, paper products, etc. This is what makes up our
roads, bridges, buildings, our cars and transportation systems, our computing sys-
tems, our factories; it is behind the food we eat and the power we generate, the
goods we make and use.

The industrial sector is the largest global user of energy, according to J. P. Mor-
gan’s Annual Energy Outlook. Demand for industrial output is expected to grow
dramatically in coming decades. The world’s building stock alone is anticipated to
double by 2060, which Gates has noted, is equivalent to a New York City built every
month for the next forty years. That is a lot of steel. And that is a lot of energy
and process emissions.

I've noted in previous hearings that we should keep appropriate perspective on
the scale and source of the problem we are trying to address. And this is especially
important when it comes to reducing emissions in the industrial sector.

If we impose overly restrictive rules and regulations domestically, we raise the
costs of energy and feedstock, we lose control over essential parts of critical supply
chains, we increase reliance on foreign industries and manufacturing, and simply
displace industrial emissions from the United States to other nations, along with
our manufacturing jobs.

For emissions reductions in this sector to make an impact on global greenhouse
gas budgets, the reductions should occur where industrial output will be growing
the most. That will most likely be in China, India and the developing world.

The trick for the United States industry will be to develop the cleaner tech-
nologies and practices to export to developing nations, while avoiding costs and reg-
ulatory burdens that will make essential goods more expensive and drive our indus-
tries overseas.

We do not want to put the United States at a competitive disadvantage to other
nations or deprive our nation important opportunities to innovate and develop the
new industrial technologies that promise cleaner future energy systems.

Today’s testimony will note that reducing emissions across this sector is not easy,
or even possible in some cases, based on brute facts of physics, chemistry and eco-
nomics.

Even in cases where it is feasible to substitute electricity for direct fossil energy
use to provide the heat and pressure for industrial processes, the costs can be pro-
hibitive. As the JP Morgan report noted, the cost of electricity is 3 to 5 times higher
per unit of output than natural gas in states that are the largest industrial users
of energy, so fuel switching and upgrades would require large electricity capacity
investments that may not make economic sense.

But there are practical policies to pursue that can make a difference domestically
and can help to set up U.S. industry to advance cleaner technologies and processes
in the future.

Testimony from the National Association of Manufacturers and on behalf of the
Portland Cement Association provide examples of some of the policies that we may
pursue in the short term on a bi-partisan basis to foster American innovation and
technological advancement.

Some of these measures would reduce the regulatory burdens we have today.
These include reforming federal and state permitting regulations to enable more en-
ergy efficient upgrades to facilities. They include taking steps to help speed up the
permitting process for the infrastructure needed for reducing industrial emissions.
And they include appropriate policies that make way for the demonstration and de-
ployment of new technologies to prove they can work commercially, economically.
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Chairman Tonko, there are bi-partisan legislative solutions we can sign into law
this Congress that will remove some of the barriers to innovation in the industrial
sector. If you want to start making progress on industrial emissions, let’s start with
what we know we can do today to make a difference in the innovation landscape,
while protecting our national interests, and the interest of our workers and con-
sumers.

Mr. ToNKO. Thank you, Representative Shimkus. The gentleman
yields back.

The Chair now recognizes Mr. Pallone, the chairman of the full
committee, for 5 minutes for his opening statement.

OPENING STATEMENT OF HON. FRANK PALLONE, Jr., A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF NEW JER-
SEY

Mr. PALLONE. Thank you Chairman Tonko.

Combatting climate change is a top priority of this committee.
That is why, in July, I joined Chairmen Tonko and Rush, and other
committee Democrats in announcing a plan to address the climate
crisis by achieving a 100 percent clean economy by 2050.

Recent reports by U.S. scientists and the Intergovernmental
Panel on Climate Change paint a grim picture of our future if we
do not get carbon pollution under control. We are already experi-
encing record heat waves, flooding, sea level rise, intense wildfires,
extended drought, and severe weather events that experts project
would come with increased warming. These events are taking a ter-
rible toll on our communities and the cost of inaction is growing.

We must act and our 100 by 50 plan is supported by scientific
consensus. Scientists say we must limit global warming to 1.5 de-
grees Celsius by the end of the century to prevent the worst effects
of climate change.

Now transforming our economy to one that is 100 percent clean
will be tough and will take significant resources and ingenuity but
it is absolutely necessary. Some sectors of the economy will be more
difficult to address than others. So today’s hearing will examine the
industrial sector, an essential sector of our economy and one with
some of the largest challenges, as we look to transition to a 100
percent clean economy.

The industrial sector is a source of good-paying jobs and critical
products. These products make up our infrastructure and are es-
sential to a wide array of businesses and services in our modern
society. A vibrant manufacturing sector helps our economy flourish.
At the same time, this sector is also the third largest source of all
greenhouse gas pollution.

Compared to other sectors of the economy, emissions from the in-
dustrial sector come from a diverse mix of heat production, power
generation, and chemical reactions and that mix also varies widely
across individual subsectors and facilities, from manufacturing ce-
ment and steel to producing chemicals and paper products. This di-
versity makes the industrial sector especially challenging to
decarbonize.

There is no single policy that will curb carbon pollution from the
entire sector. Switching to renewables and electrification will work
in some areas but not others. Capturing and storing emissions,
rather than eliminating them altogether, will likely be the most ef-
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fective way to decarbonize certain parts of the industrial sector,
since creating certain materials naturally produces carbon.

Transitioning the industrial sector to a clean future is chal-
lenging but certainly possible. Pathways to industrial sector
decarbonization do exist. We have many technologies available
today that, with wider deployment, can improve material and en-
ergy efficiency in manufacturing and lower carbon and other harm-
ful pollutants. We also need continued research, design develop-
ment, and demonstration projects to lower costs and spur techno-
logical innovation.

Comprehensive climate action provides an opportunity to trans-
form our economy for the future. The technologies we develop and
demonstrate here in the U.S. can be exported to other nations, cre-
ating new businesses and millions of good jobs in a climate-resil-
ient economy. Climate action ensures our nation does not fall be-
hind our global economic competitors but, instead, leads the world.
The rest of the world is already taking the climate threat seriously,
embarking on a major transition into a low-carbon economy. We
can either lead that transition or watch as American workers and
industries get left behind. Cleaning up the industrial sector is es-
sential to meeting this challenge.

So I just want to mention again that I am committed, and our
Democrats are committed, to the 100 by 50 target and to building
widely-supported solutions that make the necessary pollution re-
ductions while also strengthening our economy for the future.
America has always been a leader in innovation. We can and must
use our talent and resources to grow new clean industries here and
employ our workers to deliver low-or zero-carbon high-quality prod-
ucts to the world.

So I look forward to hearing from our witnesses today, as we con-
tinue to hear ideas about how best to reach our 100 by 50 target.

And thank you, Mr. Chairman. I look forward to the testimony.

[The prepared statement of Mr. Pallone follows:]

PREPARED STATEMENT OF HON. FRANK PALLONE, JR.

Combating climate change is a top priority of this Committee. That is why, in
July, I joined Chairmen Tonko and Rush, and other Committee Democrats, in an-
nouncing a bold plan to address the climate crisis by achieving a 100 percent clean
economy by 2050.

Recent reports by U.S. scientists and the Intergovernmental Panel on Climate
Change paint a grim picture of our future if we do not get carbon pollution under
control. We are already experiencing record heat waves, flooding, sea level rise, in-
tense wildfires, extended drought and severe weather events that experts projected
would come with increased warming. These events are taking a terrible toll on our
communities, and the cost of inaction is growing.

We must act, and our 100 by 50 plan is supported by the scientific consensus. Sci-
entists say we must limit global warming to 1.5 degrees Celsius by the end of the
century to prevent the worst effects of climate change.

Transforming our economy to one that is 100 percent clean will be tough and will
take significant resources and ingenuity , but it is absolutely necessary. Some sec-
tors of the economy will be more difficult to address than others.

Today’s hearing will examine the industrial sector—an essential sector of our
economy and one with some of the largest challenges as we look to transition to a
100 percent clean economy.

The industrial sector is a source of good-paying jobs and critical products. These
products make up our infrastructure and are essential to a wide array of businesses
and services in our modern society. A vibrant manufacturing sector helps our econ-
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omy flourish. At the same time, this sector is also the third largest source of all
greenhouse gas pollution.

Compared to other sectors of the economy, emissions from the industrial sector
come from a diverse mix of heat production, power generation and chemical reac-
tions. That mix also varies widely across individual subsectors and facilities—from
manufacturing cement and steel to producing chemicals and paper products. This
diversity makes the industrial sector especially challenging to decarbonize.

There is no single policy that will curb carbon pollution from the entire sector.
Switching to renewables and electrification will work in some areas, but not others.
Capturing and storing emissions—rather than eliminating them altogether—will
likely be the most effective way to decarbonize certain parts of the industrial sector,
since creating certain materials naturally produces carbon.

Transitioning the industrial sector to a clean future is challenging, but certainly
possible. Pathways to industrial sector decarbonization do exist. We have many
technologies available today that, with wider deployment, can improve material and
energy efficiency in manufacturing, and lower carbon and other harmful pollutants.
We also need continued research, design development, and demonstration projects
to lower costs and spur technological innovation.

Comprehensive climate action provides an opportunity to transform our economy
for the future . The technologies we develop and demonstrate here in the United
States can be exported to other nations, creating new businesses and millions of
good jobs in a climate-resilient economy. Climate action ensures our nation does not
fall behind our global economic competitors, but, instead, leads the world.

The rest of the world is already taking the climate threat seriously, embarking
on a major transition into a low-carbon economy. We can either lead that transition
or watch as American workers and industries get left behind. Cleaning up the in-
dustrial sector is essential to meeting this challenge.

I am committed to the 100 by 50 target and to building widely-supported solutions
that make the necessary pollution reductions while also strengthening our economy
for the future.

America has always been a leader in innovation. We can and must use our talent
and resources to grow new, clean industries here and employ our workers to deliver
low or zero-carbon, high quality products to the world.

I look forward to hearing from our witnesses today as we continue to hear ideas
about how best to reach our 100 by 50 target.

Mr. ToNKO. Thank you, Mr. Pallone. The gentleman yields back.
The Chair now recognizes Mr. Walden, ranking member of the
full committee, for 5 minutes for his opening statement.

OPENING STATEMENT OF HON. GREG WALDEN, A REPRESENT-
ATIVE IN CONGRESS FROM THE STATE OF OREGON

Mr. WALDEN. Thank you, Mr. Chairman. Good morning. Good
morning to our witnesses and those in the audience. We thank you
all for being here.

I think it is important to note that America has the most effi-
cient energy usage, when it comes to manufacturing, probably in
the world and we have led the world in actual reductions in carbon
e}Ilnissions over the last decade or two. We should not lose sight of
that.

It has been seven months since Mr. Shimkus, Mr. Upton, and I
wrote an op-ed highlighting the need to find common sense and bi-
partisan solutions to address current and future climate risk. It
has also been seven months since this committee held its first
hearing on the climate change, where many members on both sides
of the aisle expressed interest in working together to find common
sense bipartisan solutions to address climate change.

Following that hearing, Mr. Shimkus and I sent a letter to
Chairman Pallone and Mr. Tonko, requesting the committee work
together on this important issue but, unfortunately, that has not
happened. Our Democratic colleagues have not engaged with Re-
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publicans in a meaningful way and the politics of climate change,
unfortunately, seems to have overtaken rolling up our sleeves and
getting to work on, really, bipartisan solutions.

Regrettably, the loudest most radical voices in Congress and on
the presidential trail are dominating the climate debate in the
party, the Democratic Party. And that is too bad because I think
there is common ground and we could find solutions. The gap be-
tween rhetoric and reality, though, among my friends has simply
gotten out of hand.

Leading Democrats are calling for the elimination of nuclear
power—elimination— fortunately, not our chairman here but near-
ly every single major candidate on the Democratic side wants to
eliminate or phase out nuclear power. I don’t believe that is smart.

Nuclear is ideal for dealing with climate change because it is the
only emissions-free energy source that is available 24 hours a day.
Nuclear represents over half our nation’s carbon-free energy and
experts, from Bill Gates to former Energy Secretary Ernie Moniz,
have said nuclear must be part of our energy mix going forward to
reduce emissions. To reduce emissions, we need nuclear power.
Democrats who are unable to say those simple words are not doing
themselves or the climate crisis any good.

Leading Democrats have called innovation such as carbon cap-
ture, quote, unquote, “false solutions.” So, if your goal is to reduce
emissions, that logic simply doesn’t follow. We need to be encour-
aging these technologies, just as we have with President Trump
signing into law critical tax credits for carbon capture technology.

Leading Democrats have also called for a ban on fracking and on
natural gas development and yet, the production of natural gas
helped the United States become a global leader in energy produc-
tion and a major energy exporter. It substantially helped us reduce
our overall emissions. In fact, in 2017, U.S. carbon emissions were
the lowest they had been since 1992 and they are projected to re-
main steady in upcoming years. The United States achieved these
reductions while emissions were climbing in most of Asia and most
of Europe. So such a ban would wipe out a major source, not only
of American prosperity but also of fuel that has lower emissions,
and it would lead to Americans paying higher prices for the same
energy, and increase reliance, by the way, on foreign energy
sources with no impact on the world’s appetite for energy. So, I
don’t think that is a serious approach.

Now I know that many of my friends on the other side of the dais
don’t agree with all these positions but, unfortunately, the all-or-
nothing talking points for many are preventing us from building on
the progress we made last Congress to reduce emissions, boost
clean energy, and protect America’s economy and workers. Maybe
that is why E&E News reported, and I quote: “House Democrats
have little to show on climate.” Closed quote.

Turning to the topic of today’s hearing, as Bill Gates warned in
a recent op-ed, we have a lot of inventing to do in order to achieve
zero-carbon emissions overall. And I believe Mr. Gates rightly
pointed out that we don’t yet have any proven breakthroughs that
will give us affordable zero-carbon emissions of basic building ma-
terials like steel, cement, glass, aluminum, plastic, and paper,
which account for a fifth of all emissions. Without more serious
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consideration of the scale of what would be realistically achievable
here and abroad to reduce emissions, the 100 by 50 slogan is less
of a solution and, frankly, more of a slogan.

So, if Democrats want to tackle climate change, they should work
with us Republicans because that is how we are going to get seri-
ous solutions that can become law and it is how we have done it
in the past. There are bipartisan bills in Congress we could pass
right now to ensure the United States remains a global leader in
emissions reductions, economic productivity, and clean energy pro-
duction. And there are more ideas we could explore together, and
I hope we will.

We are waiting at the table. We are ready to continue the work
started last Congress with our Democratic colleagues on climate
policy focused on innovation, conservation, and preparation. So,
let’s work together.

With that, Mr. Chairman, I yield back.

[The prepared statement of Mr. Walden follows:]

PREPARED STATEMENT OF HON. GREG WALDEN

Good morning, Mr. Chairman.

It has been seven months since Mr. Shimkus, Mr. Upton, and I wrote an op-ed
highlighting the need to find commonsense, bipartisan solutions to address current
and future climate risks. It has also been seven months since this committee held
its first hearing on climate change where many members on both sides of the aisle
expressed interest in working together to find common sense, bipartisan solutions
to address climate change. Following that hearing, Mr. Shimkus and I sent a letter
to Chairman Pallone and Mr. Tonko requesting the committee work together on this
important issue.

Unfortunately, that has not happened. Our Democratic colleagues have not en-
gaged with our side in any meaningful way, and the politics of climate change has
taken precedent over rolling up our sleeves and getting to work on bipartisan solu-
tions. Regrettably, my Democratic colleagues are allowing the loudest, most radical
voices in Congress and on the presidential campaign trail dominate the climate de-
bate in their party.

The gap between rhetoric and reality among Democrats has gotten out of hand.

Leading Democrats are calling for the elimination of nuclear power—fortunately
not our Chairman here—but nearly every single major candidate wants to eliminate
or phase out nuclear power. This is not smart. Nuclear is ideal for dealing with cli-
mate change, because it is the only emissions-free energy source that’s available 24
hours a day. Nuclear represents over half of our nation’s carbon-free energy. Experts
from Bill Gates to Ernie Moniz have said that nuclear must be a part of our energy
mix going forward to reduce emissions. To reduce emissions, we need nuclear power.
Democrats who are unable to say those simple words are doing as much harm to
solving the climate crisis as any other.

Leading Democrats have called innovations such as carbon capture “false solu-
tions.” If your goal is to reduce emissions, that logic simply doesn’t follow. We need
to be encouraging these technologies, just as we have with President Trump signing
into law critical tax credits for carbon capture technology.

Leading Democrats have also called for a ban on fracking and natural gas devel-
opment. The production of natural gas helped the United States become a global
leader in energy production and a major energy exporter. It substantially helped us
reduce our overall emissions—in 2017, U.S. carbon emissions were the lowest they
have been since 1992, and they are projected to remain steady in upcoming years.
The United States achieved these reductions while emissions were climbing in most
of Asia and Europe. Such a ban would wipe out a major source of American pros-
perity, lead to Americans paying higher prices for the same energy, and increased
reliance on foreign sources—with no impact on the world’s appetite for energy. This
is not a serious approach and it should be called out.

Now, I know that many of my friends on the other side of the dais don’t agree
with all of these positions. But unfortunately, the all-or-nothing talking points from
many Democrats are preventing us from building on the progress we made last Con-
gress to reduce emissions, boost clean energy, and protect America’s economy and
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workers. Maybe that’s why, as E&E News reported, “House Democrats have little
to show on climate.”

Turning to the topic of today’s hearing: As Bill Gates warned in a recent op-ed,
“we have a lot of inventing to do” in order to achieve zero carbon emissions overall.
Mr. Gates rightly pointed out that we don’t yet have any proven breakthroughs that
will give us affordable zero-carbon versions of basic building materials like steel, ce-
ment, glass, aluminum, plastic, and paper, which account for a fifth of all emissions.
Without more serious consideration of the scale of what would be realistically
achievable here and abroad to reduce emissions, “100 by ‘50” is less of a solution
and more of a slogan.

If Democrats want to tackle climate change, they should work with Republicans,
because that’s how we’re going to get to serious solutions that can become law.
There are bipartisan bills in Congress that we could pass right now to ensure the
United States remains a global leader in emissions reduction, economic productivity,
and clean energy production. And there are more ideas that we could explore to-
gether.

We are waiting at the table and are ready to continue the work we started last
Congress with our Democratic colleagues on climate policy focused on innovation,
conservation, and preparation.

Let’s work together.

Mr. ToNkO. Thank you, Representative Walden. The gentleman
yields back.

The Chair would like to remind members that pursuant to com-
mittee rules, all Members’ written opening statements shall be
made part of the record.

So now I introduce our witnesses for today’s hearing. We being
with Bob Perciasepe, President of the Center for Climate and En-
ergy Solutions, or C2ES; Dr. Jeremy Gregory, Research Scientist of
the Department of Civil and Environmental Engineering and Exec-
utive Director of Concrete Sustainability Hub Massachusetts Insti-
tute of Technology, on behalf of the Portland Cement Association.

Next, we have Dr. Gaurav Sant, Professor and Henry Samueli
Fellow: Civil and Environmental Engineering, Material Science and
Engineering, and the California NanoSystems Institute, Director,
Institute for Carbon Management at University of California, Los
Angeles.

Next, we have Ross Eisenberg, the Vice President of Energy and
Resources Policy at the National Association of Manufacturers.

Next, Dr. S. Julio Friedmann, Senior Research Scholar for the
Center on Global Energy at Columbia University’s School of Inter-
national and Public Affairs.

And finally, Jason Walsh, who serves as Executive Director of
the BlueGreen Alliance.

Before we begin, I would like to explain the lighting system. In
front of you are a series of lights. The light will initially be green
at the start of your opening statement. The light will turn yellow
when you have 1-minute remaining. Please begin to wrap up your
testimony, at that point, and the light will turn red when your time
has expired.

At this time, the Chair will now recognize Mr. Perciasepe for 5
minutes to provide his opening statement. And thank you, Mr.
Perciasepe, for joining us today.
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PERCIASEPE, PRESIDENT OF THE CENTER FOR CLIMATE AND
ENERGY SOLUTIONS; JEREMY GREGORY, PH.D, RESEARCH
SCIENTIST, DEPARTMENT OF CIVIL AND ENVIRONMENTAL
ENGINEERING EXECUTIVE DIRECTOR, CONCRETE SUSTAIN-
ABILITY HUB MASSACHUSETTS INSTITUTE OF TECH-
NOLOGY; GAURAV N. SANT, PH.D, PROFESSOR AND HENRY
SAMUELI FELLOW: CIVIL AND ENVIRONMENTAL ENGINEER-
ING, MATERIAL SCIENCE AND ENGINEERING, AND THE CALI-
FORNIA NANOSYSTEMS INSTITUTE, DIRECTOR, INSTITUTE
FOR CARBON MANAGEMENT AT UNIVERSITY OF CALI-
FORNIA, LOS ANGELES; ROSS E. EISENBERG, VICE PRESI-
DENT, ENERGY AND RESOURCES POLICY, NATIONAL ASSO-
CIATION OF MANUFACTURERS; DR. S. JULIO FRIEDMANN,
SENIOR RESEARCH SCHOLAR, CENTER ON GLOBAL ENERGY
POLICY, COLUMBIA UNIVERSITY SCHOOL OF INTER-
NATIONAL AND PUBLIC AFFAIRS; AND JASON WALSH, EXEC-
UTIVE DIRECTOR, BLUEGREEN ALLIANCE

STATEMENT OF BOB PERCIASEPE

Mr. PERCIASEPE. Thank you, Mr. Chairman and all the members,
for being here and also for inviting me to speak to you today.

My name is Bob Perciasepe. I am president of the Center for Cli-
mate and Energy Solutions. We are a nonprofit nonpartisan organi-
zation that works with businesses to achieve climate goals.

I think there are three themes in my quick opening statement
and in my written statement that you all have and I think it is al-
ready been mentioned by a number of the opening comments from
the members.

The challenge in the industrial sector is complex and difficult.
Right now in the United States is close to—including the indirect
emissions from electricity used, it is close to 30 percent of the U.S.
emissions of greenhouse gases.

Engaging businesses and the diversity of businesses in devel-
oping the solution mix is a pretty important part of what we will
need to do and what we have been doing at the Center for Climate
and Energy Solutions. So engaging the businesses is another im-
portant point.

And the third key point I think is that businesses are not going
to be able to do this alone. They need policy that will help them
achieve the goals that they are setting themselves.

And so given the tremendous diversity, and I think we heard this
already from particularly the chair of the full committee, that there
are three big components in the industrial sector that are causing
the emissions. One is the thermal energy they need—the heat. The
second is the different chemical processes like making steel and
concrete. And there is also electricity that is used. And so thinking
about all of those together gives you a sense of the complexity but
it can also set you on a path on how you can start dissecting what
the solutions would be.

And I have a lot more of this in my written statement but I want
to go through very high-level examples here. So if you look at those
processes and then you look across all the different sectors, there
are some that are in every sector. They are sort of like across the
board. So thermal energy is used in a lot of different, from steel
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making to chemicals, and mostly, as has been pointed out, fossil

fuels are used. So this is where the technology of fuel switching,

in some cases, but also carbon capture and how important carbon

i:)aptlére would be for some of those processes. That is across the
oard.

Combined heat and power to be more efficient, the onsite power
generation using different kinds of fuels and greater use of effi-
ciency strategies are all things that cut across the different sectors.
But then you have to get down to the different processes in the sec-
tors and I want to say that on carbon capture we often think that
this is still an evolving technology. And it is, of course, and we
need a lot more work on infrastructure but today, while we are sit-
ting here, there are two industrial applications of carbon capture
currently in use, one at air products in Texas, where they are mak-
ing hydrogen from reforming methane, and they are capturing that
carbon. The other one is from Archer Daniels Midland in southern
Illinois, who is making ethanol and that refinery produces carbon
dioxide. And they are capturing that carbon dioxide and injecting
into a saline geologic formation.

Other examples that are out there in the more specific areas,
manufacturing practices for steel, for instance, Lanza Tech, a com-
pany that is working with the steel industry looking at how to cap-
ture the carbon using biological methods.

I am going to do this very quickly because it is getting low here.

Apple has been working with Alcoa and Rio Tinto, a mining com-
pany, to look at different ways to produce aluminum from using ce-
ramic anodes, instead of carbon anodes that create carbon dioxide.

DowDuPont and BASF are looking at pathways to make pro-
pylene oxide, which is a basic building chemical for many products
that we know of from deicers, to food additives, to personal care
items and they are looking at new approaches there.

And Lafarge Holcim and Solidia are looking at the very things
that several of you have already brought up, the cement manufac-
turing process and how to use different approaches to both the ce-
ment itself and how it could absorb carbon but also how to use car-
bon in the curing—use different approaches in the curing processes
which can reduce emissions by up to 70 percent.

The last thing I want to mention very quickly is I think several
people brought up the issue of competitiveness. And I think when-
ever looking at the policies that could help support this, including
a price on carbon, looking at the trade-exposed companies in the
United States and their international markets, it is important to
include provisions that will deal with that. We believe there are
many approaches to dealing with that and would love to work with
the committee when that time comes.

I am going to stop there.

[The prepared statement of Mr. Perciasepe follows:]
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TESTIMONY OF

BOB PERCIASEPE
PRESIDENT, CENTER FOR CLIMATE AND ENERGY SOLUTIONS (C2ES)

BEFORE THE

HOUSE ENERGY AND COMMERCE COMMITTEE AND
SUBCOMMITTEE ON ENVIRONMENT AND CLIMATE CHANGE

SEPTEMBER 18, 2019

Good morning, I am Bob Perciasepe, the president of the Center for Climate and Energy Solutions (C2ES).
Before joining C2ES, T was most recently the Deputy Administrator of the U.S. Environmental Protection
Agency (EPA) from 2009 through 2014. Before that I was the chief operating officer for the National
Audubon Society and the Secretary of Maryland’s Department of Environment. A full biography is attached
and submitted for the record.

The organization I now lead, C2ES, is the successor to the Pew Center on Global Climate Change, which was
founded in 1998 and is widely recognized as an influential and pragmatic voice on climate issues. Our
mission is to advance strong policy and action to reduce greenhouse gas emissions, promote clean energy, and
strengthen resilience to climate impacts. A key objective is a national market-based program to reduce
emissions cost-effectively. We believe a sound climate strategy is essential to ensure a strong, sustainable

economy.

C2ES has long believed that business engagement is critical for developing efficient, effective solutions
to the climate problem. Our Business Environment Leadership Council (BELC), established at our
founding with 13 companies, has now grown to three dozen mostly Fortune 500 companies across a wide
range of sectors. While individual companies hold their own views on policy specifics, they are united with
C2ES in the belief that voluntary action alone will not be enough to address the climate challenge. BELC
members subscribe to the following guiding principles:

1. We accept the scientific consensus that climate change is occurring and that the impacts are already
being felt. Delaying action will increase both the risks and the costs.

2. Businesses can and should incorporate responses to climate change into their core corporate
strategies by taking concrete steps in the U.S. and abroad to establish and meet greenhouse gas
(GHG) emission reduction targets, and/or invest in low and zero GHG products, practices and
technologies.

3. The United States should significantly reduce its GHG emissions through economy-wide, mandatory
approaches, which may vary by economic sector and include a flexible, market-based program.
Complementary policies may also be necessary for sectors such as buildings, electricity generation,
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forestry, agriculture, and transportation that will help drive innovation and ease the transition to a
low-carbon economy.

4. Climate change is a global challenge that ultimately requires a global solution. An international
climate framework must establish fair, effective, and binding commitments for all developed and
major developing economies.

We are grateful for the valuable contributions that BELC members provide to our work. C2ES, however, is
solely responsible for its positions, programs, and publications.

Climate Innovation 2050

For the past 18 months, C2ES has convened more than two dozen BELC members and other leading
companies to examine potential pathways toward substantially decarbonizing the U.S. economy.! Sectors
represented include power, transportation, finance, tech, oil and gas, chemicals, cement, steel, manufacturing,
and food/agriculture.

To date, Climate Innovation 2050 has produced:

(1) Background briefs examining key challenges and opportunities in decarbonizing U.S.
agriculture /land use, buildings, electric power, industry, oil and gas, and transportation;

(2) A set of near-term federal actions that we believe could garner bipartisan support and strengthen

the foundation for comprehensive long-term solutions; and

(3) A report, Pathways to 2050: Scenarios for Decarbonizing the U.S. Economy, that presents and draws

insights from three alternative scenarios for decarbonizing the U.S. economy.

C2ES is now working with participating companies to develop a comprehensive strategy outlining the key
policies and actions needed over the coming decade to put the United States on the path to carbon neutrality

by mid-century. We plan to release this decarbonization strategy this fall.

Decarbonizing the Economy and the Industrial Sector

Decarbonizing the U.S. economy is a formidable task. The latest science underscores the imperative of
achieving carbon neutrality — a net balance of greenhouse gas emissions to, and withdrawals from, the
atmosphere — by 2050. To date, the U.S. reduced its net emissions by 13 percent below 2005 levels.2 That
leaves a significant margin yet to account for.

Pathways to deep decarbonization generally focus on three, equally important activities: (1) end-use fuel
switching, primarily to electric sources (e.g., switching from gasoline- and diesel-powered to electric vehicles),

! Center for Climate and Energy Solutions, “Climate Innovation 2050”, https://www.c2es.org/our-work/climate-
innovation-2050/

2U.S. Environmental Protection Agency, “Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2017”, April
2019, https://www.epa.gov/sites/production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf.

Center for Climate and Energy Solutions 2
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(2) decarbonization of the electric power sector, and (3) increasing deployment of energy efficiency (Figure
1).3 All three strategies are relevant to decarbonizing the industrial sector.

Figure 1: Three Pillars of a Clean Energy Economy

End use fuel switching Decarbonization of Energy efficiency
to electric sources electricity

STRATEGY

Source: Risky Business Project, From Risk to Return: Investing in a Clean Energy Economy, 2016.

According to the Environmental Protection Agency’s most recent Inventory of Greenhouse Gases, the
industrial sector’s greenhouse gas emissions, including both direct emissions and indirect emissions (i.e., from
offsite electricity), totaled 915 million metric tons in 2017, or 29.7 percent of total U.S emissions. The bulk of
these emissions are from the combustion of fossil fuels to generate energy (i.e., electricity and heat) used in
manufacturing processes. Industrial process and product use emissions were nearly 359 million metric tons
carbon dioxide equivalent (MMtCO») in 2017 or 5.6 percent of total U.S. emissions.

U.S. industrial sector emissions have been declining since the mid-1990s. Contributing factors include the
adoption of less carbon-intensive manufacturing processes, fuel switching (e.g., coal to natural gas and
renewables), increased energy efficiency, a shift in metal production to other countries, and the broader

transition to a more service-oriented U.S. economy.

Having fallen through 2010, and remained flat through 2015, the sector’s energy-related carbon
dioxide (CO;) emissions are now projected to increase 17.6 percent through mid-century, fueled by
low prices for energy, particularly natural gas and natural gas liquids.* > The six largest sources of
manufacturing emissions are expected to continue to be bulk chemicals, refining, iron and steel, food
products, paper products, and cement and lime production. In absolute terms, emissions from bulk chemical
manufacturing are forecast to increase the most, 126.7 MMtCO; or 45 percent. Other manufacturing areas
expected to see increases are food products (41.4 percent), fabricated metal products (37.1 percent), plastics

3 “From Risk to Return: Investing in a Clean Energy Economy,” Risky Business Project, 2016,
https://riskybusiness.org/fromrisktoreturn/.

4 From the Reference Case of the AEO 2019, which assumes current policies only. U.S. Energy Information
Administration, “Annual Energy Outlook 2019”, January 2019, https://www.eia.gov/outlooks/aeo/.

5 Industrial sector emissions rose in 2018 by 13 MMtCO; or 1 percent.

Center for Climate and Energy Solutions 3
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(27.8 percent), aluminum (23.9 percent), and transportation equipment (20.3 percent). These six categories
account for 60 percent of projected increases in energy-related CO; emissions from U.S. industry.

Given its tremendous diversity, its heavy reliance on large quantities of thermal heat, and the
fundamental nature of many core manufacturing process, the industrial sector is especially
challenging to decarbonize. Just 10 of the 100-plus industrial sub-sectors account for two-thirds of the
sector’s energy-related COzemissions (Figure 2). The largest source of this energy demand is heat for
industrial processes. Metal, glass, and cement making, for instance, demand temperatures in excess of 2,000
degrees IF. Generating this heat with sources other than conventional fossil fuel combustion is challenging,
particularly at the higher temperature range.

Figure 2: Energy-Related CO2 Emissions from Industry (2017)
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Cement and Lime
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Plastics
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Fabricated Metal Products
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Transportation Equipment
% Paper Products
4%

Source: U.S Energy Information Administration, Annual Energy Outlook 2019

Apart from the technical challenges, the industrial sector faces unique economic pressures. For energy-
intensive subsectors producing globally traded products, the incremental costs of mitigating emissions may
pose a competitive disadvantage if competitors in other countries do not face similar costs. Moreover, global
companies with facilities (i.e., large and small) in remote geographies add to this challenge. Often, these
facilities are the largest local employer and they contribute substantially to the local tax base. Also, relatively
recent long-lived investments in on-site natural gas-fired generation and conversions from coal- to natural gas
boilers may lock in emissions for the economic life of those assets.

Given the many challenges to eliminating industrial sector process emissions, two additional strategies will be
vital in the long term to achieve carbon neutrality economy-wide. The first is the use of carbon capture
technologies to capture industrial COzemissions for storage or for use in commercial products. The second

Center for Climate and Energy Solutions 4
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is the generation of “negative emissions” outside the sector — through land-based sequestration and direct air
capture technologies — to offset the industrial sectors’ remaining emissions.

However, much can and is being done right now to reduce the sector’s emissions. As I will highlight,
solutions are emerging, and many companies are investing in them.

Innovative Actions by Companies

A large number of actions by companies shows that U.S. industry takes climate change seriously, can
continue to be a global leader, as well as maintain competitiveness.

Key Technologies

Some technological emission reduction solutions are applicable across multiple industry sub-sectors while
others apply only to specific sub-sectors. Cross-sub-sector solutions include implementation of energy
efficiency strategies, greater use of combined heat and power (CHP) systems, adoption of carbon capture
utilization and storage (CCUS) for process emissions and on-site power generation, and fossil fuel switching,
Emission reductions that derive from developing and deploying new, lower- and non-emitting industrial
processes as well as incorporating CCUS into those processes are largely limited to individual sub-sectors.

CCUS is currently in use at-scale (i.e., capturing at least 1 million tons of carbon dioxide per year) at two
industrial plants in the United States: Air Products’ hydrogen production facility in Texas and Archer Daniels
Midland’s ethanol production facility in Illinois.5 Supportive tax credits for CCUS enacted last year under 45Q
are expected to significantly increase deployment in the United States. Modeling by the Clean Air Task Force
suggests that the 45Q tax credit could provide incentives to capture up to 49 million metric tons in the
electricity sector alone. The tax credits, however, can also be claimed by CCUS projects outside the power
sector, such as CCUS on ethanol facilities, oil refineries, cement and steel manufacturing plants. To deeply
decarbonize the industrial sector, significantly higher deployments will be required over the next three
decades.

Multi-Sub-Sector technologies

Improving the efficiency of heating (e.g., better insulation) and equipment (e.g;, motors) could yield
significant benefits across diverse sub-sectors. Additionally, imbedding digital technologies within industrial
machinery creates new opportunities for intelligent efficiency and automation, which can further reduce
industrial-scale resource and fuel consumption and emissions. Also, greater use of recycling, particularly in the
metals and pulp and paper subsectors can reduce energy consumption thereby reducing emissions.

CHP systems have helped reduce energy use across industrial sectors (e.g., bulk chemicals, pulp and paper,
petroleum and coal). Separate centralized electricity generation and on-site heat generation have a combined

efficiency of around 45 percent, whereas CHP systems can reach efficiency levels of 80 percent or greater.”

6 Carbon Capture & Sequestration Technologies @ MIT, “Non-Power Plant Carbon Dioxide Capture and Storage
Projects,” September 30, 2016, http://sequestration.mit.edu/tools/projects/storage only.html.

7U.S. Environmental Protection Agency, “CHP Benefits,” Accessed on May 22, 2019,
https://www.epa.gov/chp/chp-benefits.
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However, adoption of CHP systems has stalled in recent years due to high capital costs, technical complexity,
and policy changes. According to DOE statistics, there is more than 80 GW of CHP deployed, and there is
the technical potential to install more than 240 GW of CHP across the U.S.8 910

While deploying CHP systems at industrial facilities can deliver significant emission reductions, ultimately all
carbon emissions must be avoided. Logically, this will require eventually retrofitting all existing CHP systems
with CCUS technology. In the coming years newly deployed CHP systems could make use of novel
technology (or a comparable solution) currently being commercialized by Net Power, which is able to

eliminate all air emissions after combusting natural gas in a pure oxygen environment.!!

An additional decarbonization strategy is fuel switching. In some instances, this will involve switching from
fossil fuels to electricity (e.g., swapping from fossil fuel to electric boilers for heating requirements) or
utilizing alternatives for traditional fossil fuels. For example, using captured natural gas from landfills or
synthetic natural gas (SNG) from gasified biomass and anaerobic digestion. Additionally, SNG and hydrogen
for industrial purposes can be produced from renewables overgeneration.!? Also, fuel-switching alternatives
for CHP include new small and advanced nuclear power plants (particularly molten salt reactors that operate
at very high temperatures), which are capable of supplying many sub-industries with the heat and power they
require. These latter options must be inherently safe, cost-effective, and have the public’s acceptance.

Single Sub-Sector Technologies

Developing new manufacturing processes that emit fewer greenhouse gases is a key challenge for
decarbonizing the industrial sector. Already, improvements are being made in the areas of aluminum, steel,
chemicals and cement. And in the bulk chemical space, carbon-free ammonia production may be on the
horizon.

As economies continue to grow and develop, aluminum production is expected to expand through mid-
century as a lighter weight alternative to steel. In 2015, Apple partnered with Alcoa and Rio Tinto (who
formed a joint venture called Elysis) to help expedite deployment of a new carbon-free process to extract
pure aluminum from its ore.1? For 130 years, carbon anodes have been used in the smelting process, which

8U.S. Department of Energy, “Combined Heat and Power (CHP) Technical Potential in the United States”, March
2016, https://www.energy.gov/sites/prod/files/2016/04/f30/CHP%20Technical%20Potential%20Study%203-31-
2016%20Final.pdf

° U.S. Department of Energy, “More than 550 Megawatts of New Combined Heat and Power Capacity Added in
United States, Puerto Rico, and Virgin Islands”, August 2018, https://www.energy.gov/eere/amo/articles/more-
550-megawatts-new-combined-heat-and-power-capacity-added-united-states-puerto

12 For reference, the total installed capacity of all electric generation resources is around 1,100 GW.

11 Net Power, “Net Power has Reinvented the Power Plant,” Accessed on May 22, 2019,
https://www.netpower.com/technology/.

12 Williams, J.H., B. Haley, F. Kahrl, J. Moore, A.D. Jones, M.S. Torn, H. Mcleon (2014). Pathways to deep
decarbonization in the United States. The U.S. report of the Deep Decarbonization Pathways Project of the
Sustainable Development Solutions Network and the Institute for Sustainable Development and International
Relations. Revision with technical supplement, Nov 16, 2015.

3 Apple Newsroom, “Apple paves the way for breakthrough carbon-free aluminum smelting method,” accessed on
May 22, 2019, https://www.apple.com/newsroom/2018/05/apple-paves-the-way-for-breakthrough-carbon-free-
aluminum-smelting-method/.

Center for Climate and Energy Solutions 6



21

release carbon dioxide and other greenhouse gas emissions. The new process, expected to be commercialized
by 2024, relies on patented ceramic anodes, which release no carbon into the atmosphere.!*

Shifting from basic oxygen blast furnaces to electric arc furnaces in the production of iron-ore steel
contributed to a 37 percent reduction in the energy intensity of U.S. crude steel production from 1991—
2010.15 The share of electric arc furnaces is expected to continue to increase through mid-century (though
penetration levels are already north of 60 percent) which should help reduce energy consumption from this
sub-sector. Additionally, recycling more product (as with other metals) will also reduce energy requirements.
And companies like LanzaTech are capturing carbon monoxide from steel (working with ArcelorMittal) and
other industrial facilities and converting them into ethanol, jet fuel, and other building blocks for plastics,
reducing emissions and demand for fossil fuels.16

Dow Dupont and BASF developed a more environmentally friendly pathway to produce propylene oxide that
creates less waste and uses less water and energy.!” Propylene oxide is among the 30 largest volume bulk
chemicals, and a raw material for many products including detergents, polyurethanes, de-icers, food additives,
and personal care items.18

In some cases, switching inputs or raw materials can reduce emissions—for instance, using fly ash from coal-
fired power plants instead of carbon-intensive clinker in cement production. Additionally, Lafarge Holcim
and Solidia are working to commercialize low-carbon precast concrete that uses lower quantities of limestone
and absorbs carbon dioxide in the curing process, which can reduce emissions up to 70 percent.1 20

Additionally, in the bulk chemicals sub-sector, which includes plastics, fertilizers, cosmetics and detergents
among other things, carbon-free ammonia (i.
Energy is supporting a demonstration project in Indiana that is expected to be operational in 2022, capable of
sequestering 1.75 million tons of carbon dioxide a year?! Some see greater potential in energy-dense

, a fertilizer) may be coming soon. The U.S. Department of

14 Melanie Burton, “Rio Tinto talking to Apple on next step of carbon-free aluminum project,” Reuters, March 8,
2019, https://www.reuters.com/article/us-australia-rio-tinto-bauxite/rio-tinto-talkin;

carbon-free-aluminum-project-idUSKCN1QP1ED.
15 Kelly Perl, “Changes in steel production reduce energy intensity,” Today in Energy, July 29, 2016,
; i dayi il.php?i .

17U.S. Environmental Protection Agency, “Presidential Green Chemistry Challenge: 2010 Greener Synthetic
Pathways Award: The Dow Chemical Company, BASF”, Accessed on September 12, 2019,
https://www.epa.gov/greenchemistry/presidential-green-chemistry-challenge-2010-greener-synthetic-pathways-
award.

18 Ibid.

19 Lafarge Holcim Press Release, “Lafarge and Solidia commercialize a new low-carbon solution for the construction
sector,” April 28, 2015, https://www.lafargeholcim.com/04282015-Lafarge-Solidia-commercialize-new-low-
i ion-sector.

, “The material that built the modern world is also destroying it. Here’s a fix,” Quartz, December 6,
2017, https://qz.com/1123875/th terial-that-built-th dern-world-is-al: roying-it-heres-a-fix/.

21 Jenny Mandel, “DOE backs 'world's first carbon-free ammonia',” E&E News Energywire, May 21, 2019,
https://www.eenews.net/energywire/2019/05/21/stories/1060369553.
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ammonia, as a multipurpose fuel source, not unlike hydrogen.22 Many are looking at more environmentally-
friendly ways (i.e., they would not generate carbon dioxide) to synthesize ammonia at commercial scale using
clean energy sources.?

Policies for Decarbonizing Industry

Federal support is needed to accelerate the efforts of companies and develop new emission reduction
pathways. It is our strong view that economy-wide carbon pricing (e.g., carbon tax, cap-and-trade
program or tradable performance standards) can drive private capital to facilitate significant
emission reductions across the industrial sector, but a wide range of complementary policies are also
needed. Priorities over the next decade include developing innovative lower-carbon manufacturing
processes, using benchmarking to drive energy efficiency and fuel switching, and safeguarding the

competitiveness of energy-intensive, trade-exposed sectors.

Advancing Low-Carbon Technologies

Leadership is necessary to rapidly advance a wide range of technologies to reduce or capture emissions from
industrial processes and energy use. The federal government should support the research, development and
demonstration of critical technologies, stronger public-private partnerships, and fast-track commercialization
efforts.

As noted, the largest source of industrial energy demand is heat for industrial processes. Advanced nuclear
designs, particularly molten salt reactors, offer a clean alternative for some high-temperature heating needs.
Renewable heat sources including renewable natural gas (e.g., from agriculture, wastewater treatment and
landfills), solar thermal, and geothermal also hold significant promise. Congress should significantly increase
funding to develop and commercialize alternative thermal heat technologies including renewables and
advanced nuclear producing combined heat and power. Companies like Cargill, GM, Kimberly-Clark,
L’Oreal, Mars, P&G, and Stoneyfield, are working with C2ES and other NGOs to scale up renewable heating
and cooling at their facilities as part of the Renewable Thermal Collaborative.2

In addition to emissions from energy use, industrial processes themselves produce significant levels of
emissions in subsectors such as cement, steel and bulk chemicals. Congress should increase funding to
research and develop innovative industrial processes with smaller carbon footprints. Even with such
advances, and with reductions in energy-related emissions, significant levels of emissions will likely remain.
Capturing those emissions for storage or utilization will be an essential strategy for decarbonizing the
industrial sector. It is critical that Congress increase support for the development and deployment of carbon
capture technologies.

22 Robert F. Service, “Ammonia—a renewable fuel made from sun, air, and water—could power the globe without
carbon,” Science, July 12, 2018, https://www.sciencemag.org/news/2018/07/ammonia-renewable-fuel-made-sun-
air-and-water-could-power-globe-without-carbon.

2 |bid.

24 Renewable Thermal Collaborative, “About”, https://www.renewablethermal.org/about/.
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Setting Industrial Benchmarks

To orient companies toward decarbonization, the federal government should undertake a benchmarking
process to establish greenhouse gas objectives for the major sub-industries. This can be informed by
programs already implemented in Canada and Europe. The benchmarking process will highlight best
practices and promote industry-wide learning; the intensity-based benchmarks will provide ongoing goals for
companies as they pursue their most cost-effective decarbonization options. These benchmarks can also be
used to establish companies’ or facilities’ obligations under an economy-wide carbon pricing program, and to

inform measures to address potential competitiveness concerns.

Providing Incentives

To drive the deployment of existing and emerging technologies and help companies reduce emissions,
government should provide targeted incentives for efficiency, fuel switching and carbon capture, including;

e Federal, state, and local governments should support the deployment of conventional combined heat
and power systems.

e Congress should extend and increase the existing 45Q tax credit for CCUS technologies to support
the capture of process and on-site energy-related emissions, and should provide tax credits for energy
efficiency improvements.

e To promote electrification and reduce dependence on fossil fuels, federal and state incentives should
be offered for the adoption of electric boilers for industrial heat and other electrification measures
(e.g., industrial heat pumps).

e COs infrastructure — pipelines, develop regional industrial hubs and infrastructure plans.

DOE has an important role in helping the private sector better understand the opportunities for clean energy
and systems efficiency. Congress should expand funding for manufacturing initiatives through DOE’s
Advanced Manufacturing Office, which should champion a circular economy approach (i.e., recycling) and
seek decarbonization opportunities in advanced manufacturing, digitization and automation.

Federal, state, and local agencies procure significant quantities of materials for infrastructure projects,
operations and other purposes. As a further incentive to industry to produce lower-emission goods, the
federal government should institute “clean procurement” criteria that favor products with the lowest carbon
intensity on a full lifecycle basis wherever possible. This requires establishing methodologies and criteria to
evaluate a product’s embedded carbon.

Industrial Competitiveness

For subsectors that are energy-intensive and trade-exposed —i.e., their products are traded globally — the costs
of decarbonizing may pose a potential competitive disadvantage. There may also be a risk that production will
move to countries where greenhouse gas policies are not yet as stringent, resulting in “carbon leakage.” To
date, all existing carbon pricing programs globally include specific provisions aimed at minimizing
competitiveness and carbon leakage risks. An economy-wide carbon pricing program should include such
provisions (e.g,, free allocation of allowances in a cap-and-trade system, offering tax credits, rebates, border
adjustments based on best in class benchmarks or other exemptions), all of which should be reexamined
periodically.

Center for Climate and Energy Solutions 9
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Past and ongoing C2ES research suggests that potential competitive risks can be managed and
should not be an obstacle to strong climate change policy. This conclusion is supported by a new
analysis undertaken by C2ES on behalf of the World Bank, which will be released on September 21.

Closing Key Points

Gtven its tremendous diversity, its heavy reliance on large quantities of thermal heat, and the fundamental
nature of many core manufacturing process, the industrial sector is especially challenging to decarbonize. It is
our strong view that economy-wide carbon pricing can drive private capital to facilitate significant emission
reductions across the industrial sector, but as we outlined above, a wide range of complementary policies are
also needed. The large number of actions by companies, some of which were highlighted, shows that U.S.
industry takes climate change seriously, desires transparent policy actions, can continue to be a global leader,

as well as maintain its competitiveness.?

The federal government has a critical role to play. By enacting economy-wide carbon pricing and
complementary policies, Congress will send an essential signal to companies, spur investment, and help
accelerate the actions necessary to deeply decarbonize the industrial sector and help stave off the worst
effects of climate change. So that by mid-century, a modernized U.S. industrial sector will continue to create
jobs, growth and exports with a carbon neutral footprint.

25 A wide range of companies are acting on climate; many have adopted emission reductions goals. An increasing
number of large investor-owned utilities have laid out plans to deeply decarbonize their generation portfolios by
mid-century. Many large companies have set out goals to procure 100 percent carbon-free electricity for their
operations. More than 60 percent of the 2016 Fortune 100 have set targets to reduce greenhouse gas emissions,
improve energy efficiency, and/or increase the use of renewables (WWF, Calvert Investments, CDP and Ceres,
“Power Forward 3.0: How the largest US companies are capturing business value while addressing climate
change”, April 2017, https://www.worldwildlife.org/publications/power-forward-3-0-how-the-largest-us-
companies-are-capturing-business-value-while-addressing-climate-change). Additionally, companies are employing
internal carbon pricing to systematically incorporate climate-related costs into investment and operational
decisions and to incentivize least-cost reductions. And, they are working with employees, suppliers and major
customers to promote carbon reduction throughout the value chain.

Center for Climate and Energy Solutions 10
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Mr. ToNKO. Thank you very much, Mr. Perciasepe.
And now we will go to Dr. Gregory, please, for 5 minutes. You
are recognized for your opening statement.

STATEMENT OF JEREMY GREGORY, Ph.D.

Dr. GREGORY. Good morning, Chairman Tonko, Ranking Member
Shimkus, and esteemed members of the subcommittee. I am
pleased to be here on behalf of the Massachusetts Institute of Tech-
nology’s Concrete Sustainability Hub and the Portland Cement As-
sociation to talk about concrete’s role in a sustainable low-carbon
economy and how Congress and the cement and concrete industries
can work together to achieve this goal.

I am the Executive Director of the MIT CSHub, a dedicated
interdisciplinary team of researchers working on science, engineer-
ing, and economics for the built environment since 2009. PCA is a
premiere organization serving America’s cement manufacturers.
Since the CSHub is jointly funded by the cement and concrete in-
dustries, our research teams regularly interact with companies in
this arena and also stakeholders who are involved in decisions re-
lated to concrete, such as architects, engineers, and contractors.

In my testimony today, I would like to provide the committee
with some key actions related to the cement and concrete indus-
tries that will accelerate us on the path to sustainability in the in-
dustrial manufacturing sector.

For background, cement is the powdery substance that is mixed
with water and aggregates to make concrete. If you didn’t realize
there was a difference between cement and concrete, you can join
my beloved mother in that esteemed club. Although cement and
concrete have different manufacturer processes and emission pro-
files, they are inherently linked as an end use building material
whose impacts other emissions, such as building energy consump-
tion or vehicle fuel consumption on pavements. Thus, it is impor-
tant to consider the embodied emissions for these materials in the
context of their full life cycle.

Furthermore, concrete is the most-used building material in the
world for a reason. It is a relatively low-cost and low-environmental
footprint material that provides critical functionality for buildings
and infrastructure. It is necessary to meet societal goals for sus-
tainable development.

There are four primary levers for reducing cement production
CO2 emissions. One, improving the energy efficiency of the cement
plant; two, switching to alternative fuels that are less carbon-inten-
sive than conventional fuels, such as biomass and waste materials;
three, increasing the use of low-carbon materials in the production
of blended cements; and four, using emerging carbon capture on
utilization and storage technologies, including in the production of
new building materials.

A technology roadmap for the global cement industry estimated
that meeting targets from maximum two degrees C. global tem-
perature increase would require a 24 percent reduction in cement
industry CO2 emissions by 2050, with CCUS accounting for 48 per-
cent of emission reductions followed by use of blended cements at
37 percent. There are fewer CO2 reduction opportunities associated
with thermal energy efficiency or switching to alternative fuels
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and, thus, they only accounted for 15 percent of cumulative CO2
reductions.

Nevertheless, there are several opportunities to improve energy
efficiency and increase use of alternative fuels and the cement in-
dustry in the U.S. has made significant strides towards these goals.
However, regulatory programs are often barriers to making addi-
tional improvements. And there are some specific programs and
suggested modifications that are detailed in my written testimony.

Cement production is unique from most other industrial proc-
esses, in that it has emissions associated with energy generation
and the production process. Thus, even if zero- or low-carbon fuels
can be used, emissions will still be a fundamental part of the proc-
ess. As a consequence, CCUS is necessary to meet deep
decarbonization goals and pilot programs in the cement industry
are underway across the world.

Fortunately, there are several companies that are demonstrating
how captured carbon may be used to produce binders and aggre-
gates, thereby enabling circularity for these emissions. However,
cost is a significant barrier to the implementation of carbon capture
technologies at cement plants, in terms of capital costs, and the
adoption of carbon-utilizing materials in terms of higher product
costs in the building material marketplace. Thus, there are signifi-
cant opportunities for Congress to provide targeted CCUS research
development and deployment funding that is specific to the cement
sector and incentives for adoption of innovative technologies and
materials.

Increasing the adoption of blended or alternative binders will re-
quire overcoming the risk aversion of engineer’s specifying con-
crete. Engineers typically rely on prescriptive-based specifications
that detail the types and limits of materials that can be used in
concrete mixture. In addition, there is a significant burden of proof
to demonstrate that new low-carbon materials will meet long-term
structural and durability requirements. Supporting a shift to per-
formance-based specification for concrete would spur innovation in
the design of low-carbon concrete mixtures.

Sponsoring research on the long-term structural and durability
performance of concretes using blended or alternative cements will
help to mitigate perceived risk by engineers.

As you can see, there are steps Congress, industry, and academia
can take together that would ensure the continued role of cement
and concrete in sustainable development.

Mr. Chairman and members of the committee, we are ready to
work with you to pursue the paths toward the goal of a clean and
sustainable economy together.

Thank you.

[The prepared statement of Dr. Gregory follows:]
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Good morning Chairman Tonko, Ranking Member Shimkus, and esteemed Members of the House
Subcommittee on Environment and Climate Change in the Committee on Energy and Commerce. Iam
pleased to be here on behalf of the Massachusetts Institute of Technology’s (MIT) Concrete Sustainability
Hub (CSHub) and the Portland Cement Association (PCA) to talk about concrete’s role in a sustainable
low-carbon economy and how Congress and the cement and concrete industries can work together to
address emissions from the industrial manufacturing sector and advance our nation’s climate reduction
goals. Iam Executive Director of the MIT Concrete Sustainability Hub, a dedicated interdisciplinary
team of researchers from several departments across MIT working on concrete, buildings, and
infrastructure science, engineering, and economics since 2009. The MIT CSHub brings together leaders
from academia, industry, and government to develop breakthroughs using a holistic approach that will
achieve durable and sustainable homes, buildings, and infrastructure in ever more demanding
environments.

We conduct our research with the support of the Portland Cement Association (PCA), the premier
advocacy, policy, research, education, and market intelligence organization serving America’s cement
manufacturers. PCA members represent 92 percent of the United States” cement production capacity and
have distribution facilities in every state in the continental U.S. Cement and concrete product
manufacturing, directly and indirectly, employs approximately 610,000 people in our country, and our
collective industries contribute over $125 billion to our economy (see details in Figure 1). Portland
cement is the fundamental ingredient in concrete. The Association promotes safety, sustainability, and
innovation in all aspects of construction; fosters continuous improvement in cement manufacturing and
distribution; and promotes economic growth and sound infrastructure investment. PCA also works hand
in hand with our partner associations and companies advancing the interests and sustainability of concrete
building materials and products through the North American Concrete Alliance (NACA).
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Figure 1. Statistics on the US cement industry. Source: Portland Cement Association.

In my testimony today, I would like to leave the Committee with five fundamental points about the path
to sustainability in the industrial manufacturing sector through the lens of the cement and concrete
industries.

First, while cement and concrete are separate and distinct materials, with different manufacturing
processes and emissions profile, they are inherently linked as an end-use building material and should be
measured in the context of that end-use sustainability profile. Cement and concrete building materials
(CCBMs), like steel, wood, glass, and other building materials, should be considered in terms of their
embodied carbon across their full life cycle - from materials sourcing and manufacturing, to productive
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use, reuse, recycling, or disposal. Anything less than a life cycle approach creates a shell game where
carbon emissions just shift from one part of the economy to another, or one nation to another, without
solving the global challenge of climate change.

Second, CCBMs are and will continue to be critical and irreplaceable building materials for our national
economy, providing sustainable, resilient, safe, and energy efficient building solutions for the
development and maintenance of our nation’s infrastructure and built environment. When considered
across their full life cycle, CCBMs provide comparable if not superior performance in terms of embodied
carbon, resilience, safety, and climate adaptability when compared against other building materials.

Third, CCBM manufacturers are committed to working with policymakers, environmental scientists and
engineers, builders, and customers to improve their sustainability and carbon intensity while maintaining
the performance characteristics and value that have made CCBMs so important to our economy. CCBM
manufacturers already invested billions of dollars to upgrade manufacturing facilities and processes,
increase the fuel and energy efficiency of the manufacturing process, and reduce carbon and other air,
waste, and water emissions. Where allowed under federal and state regulations, many of our
manufacturers have looked for opportunities to incorporate lower-carbon alternative fuels like used tires,
biomass, and other nonhazardous secondary materials into the manufacturing process.

Fourth, the CCBM industry faces unique challenges in building upon these initial sustainability efforts.
With respect to fuel-related emissions, most of the opportunities for energy efficiency improvements for
cement plants have been leveraged, and those remaining are often prohibitively expensive with limited
impact. Federal and state regulations discourage the use of many lower-carbon alternative fuel sources,
treating non-hazardous secondary materials like non-recyclable paper, plastic, and fibers as dangerous
wastes and cement manufacturers as incinerators. Many cement facilities cannot even transition from coal
to lower-carbon natural gas due to the lack of natural gas pipelines and delivery infrastructure.

But fuel emissions are only part of the emissions reduction challenge. Cement manufacturers face a
heretofore unsolved basic chemical fact of life - the industrial process for manufacturing cement from
limestone results in the chemical release of carbon dioxide. No level of investment in additional energy
efficiency technology or alternative fuels will address these process emissions, which constitute the
majority of the cement industry’s emissions. Only innovation and new technologies for carbon capture,
transport, use, and/or storage will address these emissions, and these technologies are still years, if not
decades away from plant-scale deployment in the cement industry. Bringing these technologies to market
will require billions of dollars of additional investment in research, development, pilot scale testing, and
infrastructure.

Fifth, any national carbon reduction strategy will need to recognize the economic realities of today’s
global market economy. Cement is a fungible global commodity, and domestic cement manufacturers are
price takers rather than price makers, with limited ability to pass additional costs on to customers who can
casily switch to lower-cost, often higher carbon imported cement. Domestic cement manufacturers
cannot compete in a global market against foreign importers and countries who are not doing their fair
share to reduce emissions. If the U.S. is to maintain a healthy domestic cement industry and the jobs and
contributions to the domestic economy it provides, policymakers will need to address the risk of trade
leakage head on. Policymakers in the EU, Canada, and California have recognized the need to protect
energy-intensive trade exposed industries from trade leakage, and Congress needs to provide for a level
competitive playing field for cement, concrete, and other industrial manufacturers.

With these facts in mind, the concrete and cement industries will need help from Congress to do their
part. Congress can start by reducing the barriers manufacturers face to taking early action:

3
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e reform and streamline federal and state permitting regulations under the Clean Air Act’s new
source review program to update facilities with more energy efficient manufacturing equipment;

o reform federal air and waste laws to treat nonhazardous secondary materials like non-recyclable
paper, plastic, and fibers as fuel sources, not just waste products destined for landfills;

e cxpedite the permitting process for energy infrastructure projects, including pipelines to transport
natural gas and other lower-carbon fuels to cement plants; and

e perhaps most important, provide dedicated funding for research, development, and deployment of
commercial scale carbon capture, transport, use, and storage technologies needed to manage
industrial process emissions and other hard-to-abate emissions from industrial manufacturing.

The remainder of this document provides background on CCBMs and opportunities, barriers, and
solutions for enabling low-carbon pathways in the sector.

1 Background on concrete and cement

1.1  Concrete is critical for sustainable development

Concrete plays a critical role in achieving socictal goals for sustainable development. It is required for
nearly all aspects of our built environment including buildings, pavements, bridges, dams, and other
forms of infrastructure. Infrastructure is required to achieve all 17 of the United Nation’s sustainable
development goals !. As growth in urban and suburban areas of the US significantly outpaces growth in
rural areas (13%, 16%, and 3%, respectively since 2000) 2, demand for buildings and infrastructure will
increase to meet the needs of migration and immigration. Calls for increased housing to address
affordable housing shortages and more resilient buildings and infrastructure to mitigate the impacts of
natural disasters will also lead to increased construction using concrete. While this development is
inevitable, it is possible to make it sustainable.

1.2 Concrete is the most used building material in the world

Concrete’s critical role in our built environment is manifest in how much it is used. Figure 2 shows global
production (per capita) of common building materials *. Production volumes for cement, the binding
agent in concrete, are nearly three times as much as steel, and concrete production is approximately seven
times as much as cement (as shown in the chart). This significant consumption means it is also important
to address when setting industrial emission targets.
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Figure 2. World production (per capita) of cement (the binder in concrete), steel, and wood 3. Concrete production is about seven
times higher than cement, so it is not shown on the chart.

1.3 Concrete is a mixture that usually includes cement as a binder

Concrete is made using five basic ingredients: coarse aggregates (gravel), fine aggregates (sand), binder
(including cement), water, and admixtures (chemicals that can change concrete properties). These can be
combined in infinite ways to meet performance requirements including strength, stiffness, density,
constructability, and durability. When the binder is mixed with water it hardens to create a paste that
keeps the aggregates in place.

There are numerous types of binders that can be used in concrete, as shown in Figure 3. Some are based
on materials that can be mined and transformed into binders, whereas others are derived from waste
materials. The most common binder used is portland cement (the name derives from the type of mineral
first mined from the Isle of Portland in the UK when the process was developed in the 1800s). Portland
cement is primarily made using limestone, which is abundantly available all over the world, can be
produced within tight and reliable specifications, and has been used extensively for over 150 years,
thereby making it the preferred binder for producing concrete. Alternative binders to portland cement are
referred to as supplementary cementitious materials (SCMs). These include naturally occurring materials,
such as natural pozzolans or calcined clays, and waste materials, such as fly ash from coal fired power
plants, granulated slag from steel production, and more recently ground post-consumer glass. Availability
and composition of SCMs can vary significantly, and they can have a different impact on the performance
of concrete than portland cement.
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Portland Cement Natural pozzolans Calcined Clay

Granulated Slag Post-consumer glass

Figure 3. Examples of binders that can be used to make concrete. Binders in the top row are created from materials mined in the
earth, whereas those in the bottom row are derived from waste.

1.4 Cement production has energy and process-related emissions

The cement production process is shown in Figure 4 *. Limestone and other raw materials are mined and
then go through a series of treatment steps before entering the kiln (step 6), which requires significant
amounts of energy to maintain at 1,450 °C (these are referred to as energy or thermal emissions). The
limestone is transformed into clinker in the kiln in a process called calcination that emits carbon dioxide
(these are referred to as process emissions). The clinker may be blended with other cementitious binders
and then ground to create the final cement product.

Cement manufacture at a glance

Storing in
the cement silo

o Cement grinding
e Blending

Cement is a man-made powder

that, when mixed with water and

aggregates, produces concrete.

The cement-making process can be

divided into two basic steps:

1. Clinker is made in the kiln at
temperatures of 1,450°C

2. Clinker is then ground with
other minerals to produce the
powder we know as cement

a Cooling and storing

Clinker production
in the rotary kiln

o Precalcining
° Preheating

Quarries
Prehomogenization
and raw meal grinding

o Quarrying

raw materials

Figure 4. Cement production process *.
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Production of conventional portland cement in the US emits about 1 kg of carbon dioxide for every kg of
cement produced °. As shown in Figure 5, approximately 50% of these emissions are from the calcination
process, and 40% are from thermal or energy generation processes (maintaining the kiln at 1,450 °C).

Process

= Quarrying & transport emissions
More than 50%

= Grinding & preparation of
raw materials

= Cooling, grinding, mixing Clinker production

emissions
40%

Source: Chatham House BEaE

Figure 5. Sources of carbon dioxide emissions in conventional cement production °.

1.5 Cement drives concrete’s environmental impact

Figure 6 shows that by mass, concrete is primarily made up of aggregates. However, the greenhouse gas
emissions (which are predominantly carbon dioxide) are from the cement. The aggregates have very low
environmental footprint because they are simply mined from quarries without further transformation.

Constituent contribution by GHG emissions

Water Mixing
1% 5%

Constituent contribution by mass
Water

% Fine
aggregate

7%

Coarse

aggregate
8%
Coarse
aggregate
44%

Figure 6. Concrete constituent contributions by mass and greenhouse gas (GHG) emissions for a conventional concrete (3000
psi) without SCMs. Source: CSHub calculations.

1.6  Concrete and cement are low-impact materials
On a per unit weight basis, concrete and cement have low embodied carbon dioxide and energy footprints

(i.., emissions and energy associated with production). Figure 7 compares these measures with those of
other industrial materials 7. Concrete’s environmental footprint is so much lower than other materials
because it is primarily made from aggregates, which, as noted above, have a low environmental footprint.
While cement has significant process and energy emissions, they are smaller than those of other materials

such as metals.
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1.7 Cement emissions constitute approximately 1% of US greenhouse gas emissions

Estimating greenhouse gas (GHG) emissions from cement production is difficult because it requires
tracking both process and energy-derived emissions, and energy-derived emissions are rarely tracked for a
specific industrial sector. For example, the most reputable quantitative estimate of global cement
emissions as a fraction of all emissions has been done by the PBL Netherlands Environmental Agency ®.
They stated that process emissions contributed “to about 4% of the total global emissions in 20157 (pg.
64). To estimate total cement emissions, they state: “Fuel combustion emissions of CO2 related to cement
production are of approximately the same level, so, in total, cement production accounts for roughly 8%
of global CO2 emissions.” (pg. 64-5) Their study details how they estimated cement emissions but does
not describe how total GHG emissions are estimated. Thus, the 8% figure is an approximation.

Estimating US cement GHG emissions can be done using the US EPA’s GHG inventory °. Process-
derived emissions from cement production were 40.3 MMT CO2 Eq. (million metric tons carbon dioxide
equivalent) in 2017, out of 6,456.7 MMT CO2 Eq., or approximately 0.6%. The inventory does not
quantify energy-related emissions from cement production, so we are forced to use a similar
approximation to the PBL study that energy and process-derived emissions are the same. This would
make total cement industry emissions approximately 1.2% of total US GHG emissions in 2017.

1.8 The US produces a small fraction of the world’s cement
China produces more than half of the world’s cement, as shown in Figure 8 %, The US produced
approximately 2% of global cement in 2015, compared to China’s 58%, India’s 7%, and the EU’s 4% ®.
Thus, while it is important to strive to lower emissions from US cement production, it is also important to
consider that the US has lower production than China, India, and the EU.
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Figure 8. Global cement production volumes and process-related carbon dioxide emissions °*.

1.9 Different standards and practices for cement production worldwide present opportunities
for leakage

It is basic economics that in a global market for a commodity product like cement, managing the costs of

production is critical to ensuring the continued competitiveness of domestically-manufactured products.

Facilities that can produce, ship, and deliver cement to customers at a competitive cost will flourish.

Those that cannot maintain cost-competitiveness will fail.

These costs are determined in large part by the design and operating practices of the manufacturing
facilities where cement is produced. While every cement manufacturing plant is different, the basic steps
in the manufacturing process are the same. Costs of production are not, however, particularly with
respect to compliance costs imposed by government entities. Government policies that impose additional
costs on manufacturers have a direct impact on the global competitiveness of manufacturers and the risk
of trade and carbon leakage.

This is particularly the case for the cement industry for several key reasons:

e The energy intensive nature of the manufacturing process, combined with the significant process
emissions resulting from the conversion of limestone to cement makes the cement industry
particularly vulnerable to policies that increase the cost to manage carbon emissions

e U.S. cement manufacturers have limited ability to cost-effectively reduce GHG emissions and,
therefore, to minimize compliance costs through investments in direct abatement.

e U.S. cement manufacturers have limited ability to pass through compliance costs to customers
without a significant loss in market share.

Due to this unique combination of features, carbon pricing is likely to result in significant leakage in the
U.S. cement industry unless countervailing measures are applied.

9
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To illustrate this challenge, PCA estimates that given a carbon price of $40 per metric ton, the U.S.
cement industry would experience an operating cost increase of more than $2.6 billion per year,
representing roughly 50% of the U.S. cement industry’s value added ($5.0 billion) and 30% of its total
shipments ($8.7 billion) in 2016. Such increases could easily increase the cost of producing cement by
more than $30 per ton, making domestic cement uncompetitive in many markets served by imports.

As Congress develops a comprehensive federal climate policy for U.S. manufacturers, this lesson in
“economics 1017 should be front and center as a consideration. Any comprehensive climate policy that
imposes increased operating, compliance, or research and development costs on cement manufacture must
include measures to address the risk of leakage from imported products.

2 Opportunities to lower carbon dioxide emissions of cement production

2.1 There are four primary levers for reducing cement production carbon dioxide emissions
The World Business Council on Sustainable Development (WBCSD) and the International Energy
Agency’s (IEA) Cement Sustainability Initiative (CSI) produced a technology roadmap for the cement
sector in 2018 1°. They identified four carbon reduction levers:

e Improving energy efficiency in the cement plant.

e Switching to alternative fuels that are less carbon intensive than conventional fuels, such as
biomass and waste materials.

e Reducing the clinker to cement ratio by increasing the use of blended materials (including
some of the aforementioned SCMs, among others) in the production of blended cements.

e Use emerging technologies to capture carbon and use, store, or sequester it, including in the
production of new building materials.

The first three levers are already being used by the cement industry in the US and beyond.

2.2 The US cement industry has made significant efforts to improve energy efficiency and use
of alternative fuels
U.S. cement manufacturers continue to invest billions of dollars in technologies to increase the energy
efficiency of their plants and reduce carbon emissions associated with the cement manufacturing process.
Duke University evaluated the improvement in the cement industry’s energy performance over a 10-year
period and found that: energy intensity improved 13 percent, the energy performance of the industry’s
least efficient plants changed most dramatically, total source energy savings were 60.5 trillion Btu
annually, and environmental savings were 1.5 million metric tons of energy-related carbon emissions .
As a result, today’s plants are far more fuel efficient than a generation ago, in many cases approaching the
maximum levels of fuel efficiency technically feasible.

10
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Figure 9. Comparison of 1997 (green) and 2008 (blue) distribution of US cement manufacturing plant efficiency as measured by
the ENERGY STAR energy performance indicator ',

Another key opportunity to reduce fuel emissions is to increase the use of lower carbon alternative fuels.
Secondary materials like post-industrial, post-commercial, post-consumer paper, plastic, and other
materials have tremendous energy value, providing a cost-effective and sustainable alternative to
traditional fossil fuels. The cement industry has a long history of safe and efficient use of alternative
fuels, ranging from used tires and biomass to a wide variety of secondary and waste materials. The high
operating temperature and long residence times in the kiln make cement kilns extremely efficient at
combusting any fuel source with high heating value while maintaining emissions at or below the levels
from traditional fossil fuels. For the cement industry, secondary materials that would otherwise have little
market value are valuable commodities, offering a cost-effective and environmentally sustainable
alternative to traditional fossil fuels. While these efforts are important, there is much more to be done.
Today, alternative fuels make up only about 15 percent of the fuel used by domestic cement

alternative fuels utilization rates to Europe.

manufacturers, compared to more than 36 percent in the European Union, including as high as 60 percent
in Germany. Legal and regulatory barriers to alternative fuels use prevent the U.S. from having similar

The CCBM industry faces unique challenges in building upon these initial sustainability efforts. With
respect to fuel-related emissions, most of the low-hanging fruit opportunities for energy efficiency
improvements for cement plants have been leveraged, and those remaining are often prohibitively

expensive with limited impact. Further improvements will also require cooperation by federal and state

regulators that determine, through their regulations and permitting programs, whether and when facilities
can adopt lower-carbon technologies, facility improvements, operations, and fuels.

11
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2.3 Blended cements are available today

Portland limestone cement (PLC) is an example of a blended cement that is readily available from cement
manufacturers. It is made by blending limestone with clinker (Step 8 of Figure 4). The limestone replaces
clinker in the cement and therefore, has lower carbon dioxide emissions per unit weight of cement
produced.

PLC has been used in Europe for over fifty years 2. Current European standards allow for up to 35%
replacement of cement with limestone, whereas in the US and Canada the limit is 15%. Studies have
shown that PLC has nearly the same performance as ordinary portland cement (OPC) 12, but with a 10%
reduction in carbon dioxide emissions from production (assuming 15% replacement) 3. Costs of PLC are
similar to OPC, as is its performance. Given, the lower environmental footprint, it would appear to be a
strong candidate for increased use. However, PLC is approximately 1% of all cement produced in the US
(all types of blended cements make up less than 3% of all cement produced in the US) '*. This is primarily
due to an unwillingness of concrete specifiers (such as engineers) to choose PLC over OPC, which has a
longer history of use.

2.4 The technology roadmap for the global cement industry identifies emissions reductions
required to meet global targets
CSI’s 2018 technology roadmap '° evaluated the required emissions reductions in the global cement
industry required to meet a 2 °C climate scenario (2DS - maximum of 2 °C global temperature increase),
as well as a beyond 2 °C scenario (B2DS - lower than 2 °C global temperature increase). They used a
reference technology scenario (RTS) that assumed relatively flat direct carbon dioxide emissions until the
year 2050 despite increases in cement production. This reference scenario assumes continued progress to
reduce emissions associated with cement production at current rates.

As shown in Figure 10, the 2DS represents a 24% reduction in direct carbon dioxide emissions from the
RTS by 2050. The B2DS represents an additional 45% reduction in direct carbon dioxide emissions over
the 2DS.

2500 —5000 W 2DS Process CO,
[
2000 3 —4 600
° 2DS Energy-related CO,
O)
1500 ¢ —4200

== RTS Direct CO,
1000 3800

~— B2DS Direct CO,
500 3400

Direct CO, emissions (MtCO,/yr)
Cement production (Mt cement /yr)

(] 3000 ® Cement production
2014 2020 2025 2030 2035 2040 2045 2050

Figure 10. Global direct carbon dioxide emissions from cement production by scenario '°. RTS = reference technology scenario.
2DS = 2 U scenario. B2DS = beyond 2 C scenario.

Lowering emissions requires a combination of the four levers mentioned in Section 2.1, as illustrated in
Figure 11. Carbon capture technologies contribute 48% of cumulative emissions reductions, followed by
use of blended cements (reduction of clinker to cement ratio) at 37%. There are fewer opportunities to
improve thermal energy efficiency in cement plants or switch to alternative fuels.
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Figure 11. Global cumulative carbon dioxide emissions reductions by applying the 2 °C scenario compared to the reference
technology scenario 1°.

The CSI roadmap includes estimates of global investments required to meet both the RTS and 2DS
(Figure 12). $107 billion to $127 billion are estimated cumulative investments to meet the RTS globally
by 2050 (24-28% increase over no action), and an additional $176 billion to $244 billion required to meet
the 2DS (32-43% increase over RTS). No investment estimates are available for the US.
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Figure 12. Global cumulative investments required to meet RTS and 2DS by 2050 '°.

3 Opportunities to lower carbon dioxide emissions of concrete

The majority of concrete’s environmental footprint derives from the footprint of the materials in the
concrete, rather than the production of the concrete, which primarily involves mixing (materials
represented 95% of the GHG emissions in the case shown in Figure 6). Thus, use of low-carbon (i.c., low
carbon dioxide footprint) constituent materials is the primary mechanism for lowering carbon dioxide
emissions of concrete. There are three main categories of low-carbon constituent materials.

3.1 Blended cements

Blended cements, such as portland limestone cement, were described in Section 2.3 and are currently
produced by cement manufacturers. They make use of many of the same SCMs used in concrete such as
fly ash and blast furnace slags (described in Section 1.3). Production of blended cements varies
significantly worldwide depending on demand, which is primarily influenced by historical practices for

13
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producing concrete, although availability of SCMs is a factor as well (e.g., China and India have
significant availability of fly ash from coal fired power plants). There is currently limited demand for
blended cements in the US — they make up less than 3% of all cement produced in the US ',

3.2 Supplementary cementitious materials

SCMs are used more extensively in the US in concrete than in cement. Conventional SCMs include fly
ash and blast furnace slag, although other alternatives exist that are used more commonly in other parts of
the world including silica fume, natural pozzolans, calcined clays, vegetable ash. More recently, binders
made from ground post-consumer glass have become commercially available at small scales. Availability,
chemical composition, performance, and cost often determine whether SCMs are used in concrete.

21

3.3 Cement, aggregate, and concrete made from captured carbon dioxide

The process of mineralization involves exposing minerals to carbon dioxide to create a carbonate mineral.
It is a natural process that took place over millions of years to create the limestone used in the production
of cement. More recently it has been proposed as a form of carbon capture and utilization (CCU) to create
materials that can be used in concrete production. This includes the production of binders, aggregates, and
concrete (i.c., carbon dioxide is used in the mixing process) using carbon captured from industrial
sources, potentially including cement plants. Several companies have been created over the past decade in
an attempt to commercialize mineralization for building products '°. There is significant variation in the
degree to which they make use of carbon dioxide. Most of the companies are in a start-up phase with
demonstration plants or small production volumes, but several of them have products currently being used
in construction projects. In some cases, the technologies can only be used to make concrete blocks in
production facilities (as opposed to cast-in-place concrete on job sites) because of the requirements to
control the mixing of carbon dioxide with minerals. As such, this limits their application to cases where
concrete blocks can be used (such as buildings).

3.4 Considerations for the use of low-carbon constituent materials

It is important to note that substitution of these low-carbon constituent materials for conventional
materials in a concrete mixture will not necessarily result in the same performance (strength, stiffness,
constructability, durability) of the concrete mixture. Designing a concrete mixture to meet performance
targets can be a complicated process that involves trade-offs of many factors that vary depending on the
constituents being used. Furthermore, specifications for concrete often limit the use of blended cements or
SCMs '°. Thus, requirements for substitutions of conventional materials for low-carbon alternatives are
not straightforward and may not be feasible for many situations.

4 Importance of a life cycle perspective in evaluating environmental impacts of

buildings and infrastructure using concrete
The true environmental impact of concrete can only truly be evaluated using a life cycle perspective that
encompasses its application in buildings and infrastructure. For example, a life cycle assessment of
several building types conducted by our team at MIT has shown that embodied environmental impacts of
buildings (associated with material production and building construction) are at most 10% of the total life
cycle greenhouse gas emissions (Figure 13); energy use represents the vast majority of environmental
impacts 7.
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Figure 13. Life cycle global warming potential (greenhouse gas emissions) of three building types in two climates 7. Embodied
impacts include material production and building construction.

Similarly, the life cycle impacts of pavements are dominated by the use phase, which includes excess fuel
consumption of vehicles due to roughness or deflection in the pavements (which leads to additional
energy dissipation in the vehicle) *. In the case of the urban interstate pavements in Figure 14, materials
and construction make up only 26% of the life cycle GHG emissions.

Asphalt Pavement: 17.5 kton* CO2e/mi Concrete Pavement: 18.8 kton CO2e/mi

End-of-Life End-of-Life
2% Maintenance - —— 2%

Maintenance
&

Rehabilitation
0%

Rehabilitation
6%

*metric tons

Figure 14. Life cycle greenhouse gas emissions for urban interstate pavements in Missouri.'® The use phase includes excess firel
consumption from vehicles due to rough or deflection in the p s.

Thus, while it is important to seek opportunities to lower embodied emissions in the built environment, it
is also important to consider the impact that materials and design choices have on life cycle impacts,
particularly if they can enable emissions reductions (e.g., through reduced building energy consumption
or lower excess fuel consumption).
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5 Barriers to adoption of low-carbon solutions

5.1 Regulations prohibit increased use of alternative fuels in cement plants

Federal policies often discourage rather than embrace the use of secondary materials as fuel in the
industrial sector. The industry’s use of alterative fuels falls under two environmental laws administered
by the U.S. Environmental Protection Agency (EPA), the Clean Air Act (CAA), and the Resource
Conservation and Recovery Act (RCRA). The CAA addresses ambient air quality and emissions from
manufacturers, power plants, and motor vehicles. RCRA governs the management of solid waste and the
generation, transport, and disposal of hazardous materials.

In recent years, narrow judicial and regulatory interpretations of RCRA, the CAA, and EPA regulations
have discouraged the use of non-hazardous secondary materials and wastes as fuels, treating these
materials as dangerous wastes, and facilities using them as incinerators. These policies are contrary to
basic science and public policy, discouraging the productive conservation and recovery of resources and
increasing the use of emissions-intensive fossil fuels.

EPA recognized this fact in 2011 and issued a regulation known as the Non-Hazardous Secondary
Materials (NHSM) Rule, intended to allow for secondary materials to be used for energy recovery if they
met specific legitimacy criteria. In theory, the rule provided a way to distinguish between true waste
materials with little to no value as fuel and those material streams that, while may have been traditionally
discarded as a waste, could now be put to far more productive use as alternative fuels. In practice, the
rule has become yet another roadblock to sound energy and materials recovery policy.

Manufacturers face a costly and time-intensive process to prove, on a case-by-case basis, why commonly
landfilled materials such as unrecycled plastics, paper, fabrics/fibers, and other secondary materials
should qualify for treatment as fuels, despite their demonstrably lower greenhouse gas and other air
emissions and heat value. The result is predictable.

5.2 New Source Review and other permitting processes discourage energy efficiency and
carbon capture improvements and critical infrastructure
One of the common-sense strategies for any industry to reduce GHG emissions is to maintain and
improve the operational efficiency of its facilities over time. Unfortunately, the current Clean Air Act
New Source Review program, as interpreted by the courts and some prior administrations, actually
penalizes companies for increasing the efficiency of its facilities. This forces companies to reject
upgrades and investments. To address these process emissions and further reduce industry GHG
emissions, manufacturers will need to install carbon reduction and carbon capture, use, and storage
(CCUS) technologies, other technological advances developed in the future, and implement process
improvements. Under the NSR program, such investments would face the same permitting and regulatory
barriers that new facilities would face, particularly where the addition of new emissions control
technology for one pollutant has a negative impact on the emissions profile for another. Congress should
revise the NSR process to encourage, rather than discourage, investments in energy efficiency and carbon
capture, use and storage technologies.

Other energy improvements require investment in infrastructure, like pipelines and distribution networks.
Cement kilns operate 24 hours per day and almost 365 days per year, and have historically used fossil
fuels, such as coal and petroleum coke, due to the need for plentiful fuel supplies that can easily be stored
and are in plentiful supply. In recent years, the cement industry has used more natural gas to reduce GHG
and other air emissions. According to the PCA’s Labor and Energy Survey, from 2011 to 2016 the
industry increased natural gas use from 3.9% to 15.5% of its fuel use, displacing higher carbon fuels like
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coal and petroleum coke and, as a result, lowering GHG emissions. Natural gas use at cement plants could
be further increased if pipelines and related infrastructure were in place to supply these plants.
Unfortunately, the permitting process under NEPA, the Clean Water Act, and state standards is
preventing many industries from taking advantage of natural gas by preventing or delaying the necessary
supply infrastructure. Congress should reform the infrastructure permitting process for badly needed
energy infrastructure.

5.3 Thereis limited room for additional energy efficiency improvements in cement plants
The heat energy required to heat raw materials to the temperatures needed to trigger calcination makes
cement manufacturing an inherently energy-intensive process. As noted in Section 2.2, the cement
industry has invested significantly to increase the energy efficiency of its kilns, grinding equipment, and
other operations. Moving forward, the industry will face increasing challenges in squeezing additional
efficiency improvements out of its operations.

Further increases in efficiency improvements in cement manufacturing are not on the horizon without a
revolutionary advancement in a completely new technology. The industry’s efficiency is already close to
the theoretical maximum. Martin Schneider, a cement processing expert has noted, “Taking into account
all process-integrated measures, thermal process efficiency [in cement manufacturing] reaches values
above 80% of the theoretical maximum.” ' That level of thermal process efficiency is unparalleled.

Any marginal increases in efficiency that could be gained, including technologies such as waste heat
recovery, require additional energy. The basic laws of thermodynamics dictate that it takes energy to save
energy; there is no free lunch. That additional energy increases the carbon footprint of a cement plant,
making cach additional joule of energy efficiency that much more difficult to gain. This explains why the
CSI technology roadmap shows thermal energy efficiency gains as having the smallest opportunity for
carbon dioxide emissions reductions (Figure 11 in Section 2.4).

5.4 Increased cost of low-carbon cement and concrete products

Publicly available data on prices of low-carbon cement and concrete products relative to conventional
products is not available. However, anecdotal evidence suggests that there are usually cost premiums for
the low-carbon products. Although one would expect there to be increased demand for these products in a
place like Europe where a carbon cap and trade system exists, that has so far not been the case.
Furthermore, there is at least one case of an American start-up company that created a binder using a
mineralization process but never achieved commercial success and had to pivot to other applications '°.
The highly cost-conscious nature of the construction industry will likely make this a key barrier for some
time.

5.5 Risk aversion of engineers specifying concrete

Given the high stakes involved in structures that use concrete, it is understandable that civil engineers
specifying concrete mixtures would be risk averse. Engineers typically rely on prescriptive-based
specifications that detail the types and limits of materials that can be used in concrete mixtures. Following
such specifications helps to mitigate risk for them and the concrete producers because they can point to
the specifications in case there are unforeseen problems. They also prefer to rely on the use of constituent
materials that have been used in the past because of their perceived familiarity with performance. The
downside of this practice is that it often limits the use of low-carbon materials, either explicitly or
implicitly '°. As such, prescriptive specifications inhibit opportunities for innovative concrete mixtures
that make use of low-carbon materials, included blended cements and SCMs that are available for use
today. In addition, there is a significant burden of proof to demonstrate that new low-carbon materials will
meet long-term structural and durability requirements.
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6 Solutions to enable a low-carbon cement and concrete industry

6.1 Promote adoption of energy efficiency technologies for new and retrofit cement plants

As noted in Section 5.3, it is possible to make energy efficiency improvements in cement plants, but they
will require more than a simple federal mandate. Industry will have to partner with government to identify
promising new energy efficiency technologies and make the investments in research, development, and
deployment to bring them to market.

6.2 Encourage and facilitate increased use of alternative fuels in cement plants

There is a step the Committee could take today to reduce greenhouse gas emissions: provide
manufacturers with enhanced flexibility to expand their use of alternative fuels. Congress can and should
address this issue as a simple and early first step by amending the definitions of “Recovered Materials™
and “Recovered Resources™ within RCRA to distinguish them from solid waste. A core mandate of the
Resource Conservation and Recovery Act is to conserve and recover national resources. To do so, it must
start by clearly recognizing that materials with energy value are truly “resources,” not waste.

In the interim, the Committee should urge EPA to revise the NHSM Rule, implementing guidance, and
interpretations to limit the processing requirements for “discarded” materials to those activities necessary
to create useful fuel. EPA should not impose processing requirements that add costs to fuel use without
materially improving the fuel value or the emissions associated with its use. Finally, Congress should
urge EPA to act on PCA’s pending petition to provide a categorical exemption for the use of nonrecycled
paper, plastics, fiber, and fabrics as fuel, based on the extensive data already provided to EPA.

6.3  Encourage and facilitate use of blended cements

As noted in Section 2.3, several blended cements are produced in the US today, including portland
limestone cement and other blended cements that make use of SCMs, but there is limited demand for
them, most likely due to risk aversion of engineers specifying concrete. The adoption of performance-
based specifications (described below in Section 6.5) would make it easier to use such cements. In
addition, sponsoring research on the long-term structural and durability performance of concretes using
blended cements will help to mitigate perceived risk by engineers.

6.4  Support development and deployment of emerging and innovative low-carbon

technologies for cement production including carbon capture, storage, and utilization
With at least half of the cement industry’s greenhouse gas emissions resulting from the chemical
conversion of limestone and other ingredients into clinker, any long-term carbon reduction strategy for
the cement manufacturing industry will require significant advances in carbon capture, use, distribution,
and storage (CCUS) technologics.

But while many promising technologies are under development domestically and overseas, few have
reached the commercial stage of development, and most of the research and all of the federal funding has
focused on the energy sector (power, oil, gas), not industrial sector solutions. This is an important point
because, if the US is going to develop a long-term strategy to reduce carbon emissions from the industrial
sector, policymakers must realize there is no one-size-fits-all solution to capturing, transporting, and using
or storing carbon emissions. Industrial sources face different and far more complex technical challenges
and operating conditions in adopting carbon capture, use, and sequestration technologies.

In short, successful commercialization and deployment of any broadly-applied CCUS carbon mitigation
strategy will require targeted funding and financial incentives to move the technology from the
demonstration and pilot stage to commercial-scale use — particularly within the industrial sector.
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Potential policy mechanisms that can help accelerate these technologies include:

e Provided targeted CCS research, development, and deployment funding for the cement sector.

e Use long-term and predictable tax policy to incentivize R&D and rapid investment in carbon
capture, distribution, use, and storage technologies and infrastructure.

e Reward carly investment and adoption in new technologies.

6.5 Support deployment of performance-based specifications for concrete to spur innovation in
concrete mixtures
In contrast to prescriptive-based specifications, performance-based specifications define performance
targets for concrete (strength, stiffness, constructability, durability) with minimal limitations on the
constituent materials that may be used . This enables significant opportunities to spur innovation in
concrete mixtures by enabling use of low-carbon materials ?'. Although performance-based specifications
have been proposed for over two decades, there has been limited adoption within the architecture,
engineering, and construction community, most likely due to a preference for using materials and
practices that have been used in the past. A shift in paradigm to performance-based specifications will
require encouragement and incentives.
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Mr. ToNKO. Thank you very much, Dr. Gregory.
We now move to Dr. Sant, please, for 5 minutes.

STATEMENT OF GAURAYV SANT, Ph.D.

Dr. SANT. Thank you, Chairman Tonko, Ranking Member Shim-
kus, and members of the subcommittee for having us here today.

I am going to try and build a case or try and talk about the idea
of how you really achieve net zero emissions with six talking
points.

The first one is, I think, and as has been said quite a few times
before, heavy industry operations are the foundation of the world
that we live in. So you can look at the screen in your iPhone. You
can look at the building that we are in. All of this came out of
heavy industry operations. So an important part of what heavy in-
dustry does is actually provide us with the way of life that we actu-
ally have and the way of life that we live.

Of course, this comes at a price. It comes at the price of carbon
emissions, which are very substantial, a third, as we heard others
say. But we should also keep in mind that this is really what pro-
vides us with the standard of living that we have today and it is
about a century and a half of deployment of these technologies
which really leads us to where we are.

The second part, with regards to decarbonization, is we really
need to keep in mind potentially the most critical need to mitigate
the accumulation and release of carbon dioxide into the atmosphere
is a regulatory certainty. And that being say, regulatory certainty
is the minimum pathway that we need to undertake to determine
what happens next.

Of course engineering solutions are a big part of this but engi-
neering solutions really need to focus on simplicity. We need path-
ways which are simple, which can bolt onto existing facilities be-
cause, as you can imagine, building a cement plant, or building a
refinery, or building a steel plant, these are all really expensive un-
dertakings. What that means is we cannot do this at substantial
cost burden. So we need to think about simple ways how you do
process integrations and optimizations to make sure that we inte-
grate with existing processes simply enough without disrupting our
way of life while we think about carbon management.

When we think about mitigation solutions beyond carbon capture
and storage, we need to create other pathways. And I think utiliza-
tion, carbon dioxide utilization is an important part of this because
it can result in the production of salable products. As an example,
think about CO2 concrete that we are working on, which involves
the absorption of carbon dioxide into concrete.

However, I will caution by saying while these pathways are very
attractive and especially so in the short-term, they are fractional
solutions. So they are by no means a comprehensive pathway to
carbon management but they are an important short- to medium-
term pathway to being able to think about beneficial ways by
which we can reutilize CO2.

When we think about economic incentives, systematic and sub-
stantial Federal support is needed to innovate mature de-risk and
bring down the cost of technologies. This is something which has
happened and which continues to happen, which we will need to
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expand substantially so in time to come, across technology readi-
ness levels and across both basic and applied research.

But beyond R&D support, we need to have support of policy,
strategic actions and consistency messaging. This includes direct fi-
nancial support, for example, grants to innovate those
incorporations, targeted procurement actions, incentives, for exam-
ple, tax credits, but also disincentives, penalties which actually
incentivize a mechanism of change.

We need to focus on the consumer. As consumers, we are actually
all each individually responsible for what heavy industry does be-
cause we are the consumers of these products. That being this case,
we need to build consumer awareness and conscientiousness to
achieve carbon efficiency individually and societally. This is ex-
tremely important. And, as an example, you can think about our
programs in energy efficiency that we have in place for decades
now. They have been an extremely important part of how we have
achieved energy efficiency by imposing standards, by having prod-
ucts which are energy efficient, by pointing out to the consumer
that there is benefits in this. And so there is a pathway that you
can follow that is based on what we will call a carbon efficiency
standard.

We want to keep in mind that the U.S. provides effectively the
knowledge reservoir to the world. This has come about the last 70
years or so by consistent systematic and deep spending in R&D dol-
lars that go to U.S. universities and national laboratories. A lot of
the innovations that we take granted around us going from the
iPhone to the internet actually came out of these places. And that
being the case, we want to make sure that we continue to provide
this nature of support because we want to also establish a basis of
carbon leadership industrially.

A couple of other things to keep in mind. When we think about
heavy industry, these are what you classically call commodity sec-
tors, which means that they are comparatively low profit and very
high volume. And so you have got to think carefully about what are
really the nature of pathways that need to be undertaken when
sectors of the sort think about change. It is not easy to build a new
cement plant. It is not easy to build a new steel plant.

So when we think about strategic actions, we need to think about
a way that you both integrate regulatory certainty and a market
pull that both demand a change in how we function.

Finally I think the closing comment to be made is really one of
competitiveness. The rest of the world is looking very aggressively
at standards around carbon efficiency and carbon management.
You don’t want to have U.S. corporations which are at a competi-
tive disadvantage because they have got to have two standards to
functions with one in the U.S., one elsewhere, and I think that par-
ticularly demands that we establish a basis of consistency, where
U.S. corporations continue to lead the world in carbon efficiency.

With that, I would like to conclude.

[The prepared statement of Dr. Sant follows:]
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Introduction

Thank you, Chairman Tonko, Ranking Member Shimkus and Members of the Sub-Committee for
inviting me to appear before you as you review and examine pathways to address the emissions of carbon
dioxide (CO:) from heavy industry operations. Herein, I encompass the definition of heavy industry
broadly, ¢.g., to include sectors including oil and gas refining, petrochemical and chemicals production
industries, and cement, steel and glass production; amongst others. As requested by the sub-committee, I
am focusing my testimony on opportunities, pathways, and solutions to address the emissions of carbon
dioxide (CO:) from heavy industry. This includes, for example, pioneering research initiatives that are
underway at UCLA’s Institute for Carbon Management [] that seek to specifically enable heavy industry
to mitigate its carbon emissions, and thereby adapt, expediently, and cost-effectively, to a low-carbon
world. The views expressed herein are my own, and do not necessarily represent those of UCLA.

For reference: I am a Professor and Henry Samueli Fellow in the Samueli School of Engineering
at the University of California, Los Angeles (UCLA), where I am the Director of the Institute for Carbon
Management [']. I am a civil engineer, and a materials scientist with broad competencies in materials
synthesis, characterization and processing with special expertise in the materials of modem construction
including: cement, concrete, steel, glass and ceramics [?].

Summary: My testimony today encompasses the key sections that are outlined below:

Motivation: Heavy industry operations which result in the manufacture and production of materials and
products including: cement and concrete, glass, liquid fuels, steel, etc. are foundational to the world that
we live in. From the automobiles that we drive, to the buildings that we live, and work in, to the (smart)
screens of our personal handheld devices, heavy industry operations affect, and improve the quality of
each of our lives, while contributing to ongoing, and continuous developments of our society as a whole.

! Institute for Carbon Management. UCLA ICM http:/icm.ucla.edu/ (accessed Sep 12, 2019).

2 Gaurav N. Sant. Google Scholar Profile https://scholar.google.com/citations?user=p_kytiYAAAAJ&hl=en&oi=ao (accessed Sep 12, 2019).
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While invaluable, heavy industry operations, either on account of their processing energy
demands, and/or the nature of chemical separations, modifications, and transformations that they seek to
carry out result in substantial emissions of carbon dioxide into the atmosphere. For example, worldwide,
chemical and petrochemical processing, the production of cement (ordinary portland cement, OPC), and
iron and steel production result in the emission of around 5 % [3], 10 % [*], and 9 % [*] of anthropogenic
CO: emissions, respectively. Carbon dioxide emissions from heavy industry — cumulatively amounting to
nearly 36 % of global emissions [*] — are particularly difficult to address because, often, switching energy
sources from fossil-based to renewable energy generation (i.c., a potential pathway to reduce the carbon
intensity of industrial operations) may be infeasible on account of the: (a) insufficient energy density of
typical renewable energy sources [°], and/or (b) 24/7 nature of manufacturing operations [°]. While
energy storage approaches would indeed assist in enabling and improving the integration of renewable
energy into powering heavy industry operations, the substantial cost of deploying energy storage
(currently), renders this option challenging for the vast majority of heavy-industry sectors. Often, in
processes such as oil refining, cement production and others — feedstocks are broken down into simpler
components, before being re-composed into more chemically, and commercially desirable products such
as gasoline, and OPC. Thus, in such operations, a majority of the carbon burden is associated with the
chemical route that is chosen; e.g., in the case of OPC production [] the thermal decomposition of
limestone (CaCO3) and the associated release of CO: is a far more significant contributor to the carbon
emissions of the process than the combustion of fuel to heat the kiln [®]. It should be furthermore noted,
the emplacement of heavy industry manufacturing facilities requires substantial capital expenditures, and
therefore, demands long amortization periods. Since new capital investments may be difficult to justify, it
is necessary that carbon management technologies, ideally, “bolt-on” to large intensive CO» emitters and
furthermore make use of waste heat, if available, to reduce energy burdens. These considerations may be
helpful, even partially so, to accelerate new technology commercialization and deployment.

Unquestionably, decarbonizing heavy industry is a critical need to mitigate the accumulation and
release of CO; into the atmosphere; a key driver of climate change. However, such decarbonization on
account of both, being technically challenging and our societal dependency on these industries, needs to
be implemented speedily, without dramatically disrupting the material contributions of these sectors to
our way of life. Thus, it is important to stage, support, and incentivize the transformations of these sectors
from being valuable contributors, and major CO» emitters, to exclusively valuable contributors by 2050.

Enabling and empowering the decarbonization of heavy industry: Decarbonization as we understand
it, at the scales that it is needed to abate climate altering carbon emissions, is often taken to imply carbon
capture and storage (CCS) [°]. While unquestionably CCS remains the preeminent route to address CO-
emissions at a sufficient scale, globally, this approach is not inconsequential to implement. For example,
CCS is not always viable due to: (i) its high cost, (ii) uncertainty associated with the permanence of the
sequestration solution, and/or, (iii) the lack of suitable geological features, or logistics facilities to convey

3 International Energy Agency. Tracking Clean Energy Progress: Industry https:/www.iea.ore/tcep/industry/ (: d Sep 12, 2019).

* International Energy Agency. CO2 Emissions Statistics https://www.iea.ore/statistics/co2emissions/ (: d Sep 12, 2019).

3 de Pee, A.; Pinner, D.; Roelofsen, O.; Somers, K.; Speelman, E.; Witteveen, M. Decarbonization of Industrial Sectors: The Next Frontier,
McKinsey & Company, 2018; p 63.

¢ International Energy Agency; Cement Sustainability Initiative. Technology Roadmap: Low-Carbon Transition in the Cement Industry, World
Business Council for Sustainable Development, 2018; p 66.

7 The production of ordinary portland cement (OPC) — the primary binding agent used in traditional concrete —accounts for nearly 9% of global
CO2 emissions with 0.9 t of CO2 being emitted per ton of OPC produced. Therefore, the development of new cementation agents that take-up
CO2 is critical to reduce the CO2 emissions associated with cement/concrete production,

# International Energy Agency; Cement Sustainability Initiative. Technology Roadmap: Low-Carbon Transition in the Cement Industry, World
Business Council for Sustainable Development, 2018; p 66.

? In traditional carbon capture and storage (CCS), CO, emitted from industrial processes or from the combustion of fossil fuels is first
concentrated to >95 % purity, following which it is transported by pipelines to locations that it can be geologically disposed, ¢.g., in hydrocarbon
depleted reservoirs, saline aquifers, etc.
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CO: to locations where CCS can be achieved [*,'°,'"]. This is especially relevant for heavy industry
sectors — which broadly speaking, on account of their commodity products, and consequent low-profit
margins are poorly equipped, financially speaking, to implement dramatic capital expenditure intensive
transformations in an accelerated manner. Therefore, it is necessary to curate a multiplicity of short-,
medium- and longer-term pathways empowered by: research, development, and technology deployment
and piloting support, explicit financial incentives that promote industrial transformations, and strategic
procurement actions; i.¢., which involves the preferred sourcing of products, not only on the basis of
(lowest) cost, but both cost and embodied carbon intensity ['2]. Of course, the basis of each of these
actions is: credible policy, regulatory certainty, and national motivation to transition the U.S. economy to
a low-carbon/net-zero paradigm.

Over the past several years, federal R&D support provisioned to UCLA has been foundational to
the curation of pioneering CO, removal/utilization technologies that upcycle dilute-state CO: (e.g.,
secured from industrial flue gases, or the atmosphere) — via thermodynamically favorable mineralization
reactions — into stable carbonate compounds. This approach of single-step/integrated carbon capture,
utilization and storage (CCUS) is significant as the stable carbonates thus produced can form: (a)
CO;Concrete-based construction materials and components that are cost- and functionally-equivalent to
traditional concrete albeit with an embodied carbon intensity (¢CI) which is up to 75 % lower [ 13,14,13,16],
and/or (b) solid wastes, ¢.g., in the form of sand and stone, that could be disposed on the earth’s surface,
or repurposed in construction thereby reducing the need for geological (CO,) disposal [7]. However, and
in spite of the progress made (e.g., a pilot-system of the CO>Concrete process will be demonstrated at two
coal power plants in 2020 ['®]); the industrial deployment of solutions of this nature requires further
confidence building and greater support. This is necessary, for example, to allow the cement/OPC
industry to gain confidence in the scalability, cost-effectiveness, and the technology’s potential to offer a
reduced CO» trajectory for concrete production. Thus, in the short-term, government support is critical to
upscale and demonstrate mineralization technologies such as CO>Concrete, and other pathways which
seek to transform CO-, at gigaton scales into benign wastes, or saleable products; or that seek to
otherwise abate the CO- emissions from industrial processes. But, beyond enabling technology
developers (N.B.: for a successful model of this nature see the Department of Energy’s Carbon Capture
Program ['?]), early-stage incentives also need to motivate corporations to deploy, trial and integrate new
CO; abatement technologies into existing operations. Such motivation and commercialization support
may take one of many forms including: direct incentives (¢.g., financial grants in support of process
modifications and improvements), tax credits, or other support structures or even seek to impose (carbon)
tax obligations.

First, timely action to mitigate the effects of climate change requires the deployment, de-risking
and demonstration of new technologies, in the short-term (<5 years), that can help heavy industry mitigate

10 Kulichenko, N.; Ereira, E. Carbon Capture and Storage in Developing Countries: A Perspective on Barriers to Deployment; Energy and
Mining Sector Board Discussion Paper, No. 25; World Bank Publications, 2012.

1 Bachu, S. Energ. Convers. Manage. 2000, 41 (9), 953-970.

12 Bonta, R.; Eggman, S.; Steinorth, M. Assembly Bill 262 - Buy Clean California Act; 2017.

13 Vance, K.; Falzone, G.; Pignatelli, 1; Bauchy, M.; Balonis, M.; Sant, G. Ind. Eng. Chem. Res. 2015, 54 (36), 8908-8918.

1 Wei, Z.; Wang, B.; Falzone, G.; La Plante, E. C.; Okoronkwo, M. U.; She, Z.; Oey, T.; Balonis, M.; Neithalath, N.; Pilon, L.; et al. J. CO, Util.
2018, 23, 117-127.

15 Mehdipour, L; Falzone, G.; La Plante, E. C.; Simonetti, D.; Neithalath, N.; Sant, G. ACS Sustain. Chem. Eng. 2019, 7 (15), 13053-13061.

16 CO,Concrete: https:/www.co2concrete.com/ d Sep 12, 2019)

17 The production of solid carbonates including calcite and magnesite exploits favorable thermodynamics and produces stable mineral reaction
products that are known to persist at ambient temperature and pressure, without risk of CO, leakage, or release over billions of years.
Furthermore, the handling of solid mineral carbonates, i.e., as compared to fluid-state CO; is simpler and presents distinct advantages, including
existing and highly cost-effective infrastructure (e.g., as used today for municipal waste disposal), and a comprehensive understanding of the
economics of such surficial disposal.

18 DOE National Energy Technology Laboratory. A Scalable Process for Upcycling Carbon Dioxide (CO,) and Coal Combustion Residues Into
Construction Products https:/netl.doe.gov/project-information?p=FE0031718 (accessed Sep 12, 2019).
1 DOE National Energy Technology Laboratory. Carbon Capture Program https://www.netl.doe.cov/co
2019).

al/carbon-capture (accessed Sep 12,
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its carbon emissions. However, the deployment of such technologies, requires a combination of strategic
actions; ¢.g., government support of technology demonstration projects, and industry partnerships so that
the lessons learned hasten, motivate and inform further deployments, drive cost-reductions and therefore,
accelerate technology diffusion and adoption. Why? Because commodity sectors (i.c., an identification
that is typical for heavy industry) which will not be offshored — ¢.g., cement/OPC production, oil refining,
etc. — feature little, if any appetite for deploying new technologies that are unproven at scale due to:
uncertainty in revenue, profit pressures, prevailing and substantial regulatory and compliance burdens,
and the very high costs associated with emplacing greenfield facilities with long operating horizons.
Therefore, it is necessary for the government to underwrite the costs associated with maturing, and de-
risking technologies which can help heavy industries to reduce the ¢CI of their products, and processes.
However, once industry is assured of the viability and scaling of new technologies; this greatly simplifies
and accelerates subsequent market penetration, and diffusion.

Second, in the medium- and longer-term it is critical that the government greatly expand research,
development, deployment and innovation (RDDI) funds — encompassing both basic and applied research
— that will create transformational carbon (CH4 and CO>) removal and utilization technologies (e.g., see
recent reports developed by the National Academies [*°,?']). Such support forms the basis of developing
newer, more efficient and more effectively scalable technologies for carbon emissions mitigation; the
need for which becomes increasingly more significant with the passage of time [*]. Major programs for
the development, de-risking and deployment of the next generation of technologies, including CCUS
(carbon capture, utilization, and storage) solutions enabled via support provisioned by the Departments of
Defense, Energy, Transportation, Housing and Urban Development, and, National Science Foundation
amongst others is critical to maintain the U.S.’s intellectual leadership in the broad theme of carbon
management. This is needed to: (a) ensure that U.S. corporations are able to monetize and diffuse their
spirit of creativity, innovation and societal welfare, globally, (b) ensure that U.S. corporations are able to
diminish the intensity of their operations, thereby enabling them to operate across global jurisdictions in a
low-carbon world, and (c) ensure that the U.S.’s deep intellectual reservoir that is housed within its
world-class universities, national laboratories and corporate R&D organizations continues to train,
sustain, support and grow the talented scientists, engineers and subject matter experts that have ensured
the U.S.’s global technological leadership, and spirit of innovation over nearly the last century.

Major, long-term, and comprehensive actions by heavy industry in support of rationalizing and
reducing their CO» emissions intensity are assured to require substantial capital expenditures. While this
will also (likely) affect the operating cost bases of such sectors; clarity and commitments to making such
capital expenditures requires certainty regarding upcoming regulations, and policy. Unquestionably, our
current state of regulatory uncertainty is perhaps the most significant detriment that prevents, or otherwise
hinders our collective capability to limit the emissions of CO» into the atmosphere. The reasoning is
simple: first, corporations which owe, on the basis of today’s prevalent although evolving business model,
to create value for shareholders are only going to make decisions and selections which ensure a
competitive advantage in the marketplace. Therefore, unless heavy industry processes and products are
brought under a CO; limiting ambit (e.g., a carbon emissions cap; and a consequent penalty for
unbounded excess; see also California’s Assembly Bill 32 [*)]); there is no incentive, or lack thereof to
make investments that would reduce the carbon intensity of these industries. It may be argued, that
strategic actions, 1.¢., governmental purchasing decisions that prefer low-carbon products may be equally
valuable. Unquestionably this is so and should be pursued aggressively — however, many examples belie

20 National Academies of Sciences, Engineering, and Medicine. Gaseous Carbon Waste Streams Utilization: Status and Research Needs; The
National Academies Press: Washington, DC, 2018; p 254.

2! National Research Council. Climate Intervention: Carbon Dioxide Removal and Reliable Sequestration; The National Academies Press:
Washington, DC, 2015; p 154.

22 Mercator Research Institute on Global Commons and Climate Change (MCC). Remaining carbon budget https://www.mcc-
berlin.net/en/research/co2-budget.html (accessed Sep 12, 2019).

2 Nunez, F.; Pavley, F. Assembly Bill 32 - California Global Warming Solutions Act of 2006, 2006.
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the proof that the most substantial successes come about by affecting supply chains holistically: i.e., both
upstream and downstream: i.c., from the point of raw material procurement, to the point of finished
product consumption. This raises an important point that was previously alluded to: we, society in
general, are the consumers of the products (and thereby processes) that heavy industry implements. As
such, an important aspect of carbon management involves affecting consumer choices, selections, and
awareness regarding the products that we seek to consume. This issue whose success is seen in our
implementations of energy efficiency programs — requires us to develop a national basis of measuring,
affecting and incenting carbon efficiency via robust, progressive, and transparent methods of analysis.
The reason: small changes affected by, and demanded by 330 million consumers (citizens) in the U.S.,
and 7 billion consumers, globally, would result in vast CO» emissions reductions that are motivated by
both “industry-push and market-pull”. Simultancous actions of this manner undertaken by governments,
corporations, consumers, and markets are foundational to create a non-villainized basis of ensuring major
industrial transformations from producer to consumer; i.e., a market-driven basis of change.

It is particularly important to highlight that issues related to carbon management are based on the
premise of affecting societal good. This is an outcome in which, national governments, more than any
other (private) entity have a vested interest. Therefore, it is necessary that governments take action in this
regard. The U.S. plays a special role in this international effort. Because, over the last century or so, the
U.S. has come to be regarded as the bellwether for the future; such that directions implemented by the
U.S. are legitimized and thus easier to implement for other national governments, worldwide. Of interest,
the U.S. contributes nearly 15 % of global CO, emissions, while hosting only 5 % of the world’s
population [*#]. For reasons of leading by example, it is essential that the we place emphasis on robustly
maximizing our carbon efficiency, and in turn, diminishing our CO» emissions intensity.

The role of incentives and market mechanisms: Reducing, limiting and reversing CO; emissions,
from heavy industry, and other sectors requires the development and broad-based deployment of
incentives, disincentives, and market-forcing mechanisms that reward and empower reductions in CO»
emissions, and/or CO; removal from the atmosphere. Such incentive mechanisms, some of which are
already in place include the 45-Q tax credit [**] and other incentives made available via California’s
low-carbon fuel standard (LCFS) [*], as two prominent examples. These mechanisms, which offer
incentives/credits up to $35 per ton (for CO; utilization, by 2027 [**]), up to $50 per ton (for CO»
sequestration, or for EOR operations; by 2027 [*]), and up to $180 per ton (LCFS) [*] offer a means to
substantially offset the cost of emplacing CO- abatement technologies. While this is unquestionably a
step in the right direction; more is needed. For example, tax credits are valuable only if there is a tax-
obligation to address. Thus, established corporations are disproportionately advantaged by tax credits,
while new entrants, are less so. Simultaneously, while many CO» abatement pathways may result in the
production of a (lower) carbon fuel; in other cases, other products may be produced. Thus, it is
necessary to develop support structures and systems (i.c., subsidies, rebates, advantaged financing
mechanisms, etc.) that incentivize CO» emissions mitigation by both early-stage innovators who seek to
transform the heavy industry sector, and established (heavy industry) corporations. These types of
progressive actions lie at the origin of the tremendous success of community (and grid-scale) solar
power generation in the U.S. Thus, more expansive thinking, ¢.g., in terms of incentive mechanisms and
the consequent market forces that they could unleash, is needed to support the creation, adoption and
diffusion of new technologies and economic opportunities that may otherwise be unfeasible to exploit,
but that are prerequisite to deploy CO» mitigation/net-zero technologies; rapidly, scalably and globally.

2 Our World in Data. COz emissions per capita vs GDP per capita https://ourworldindata.org/orapher/co-emissions-per-capita-vs-odp-per-capita-
international- (accessed Sep 12, 2019).

25 Office of the Law Revision Council. 26 USC 45Q: Credit for carbon dioxide sequestration
https://uscode.house.gov/view.xhtml?req=(title:26%20section:45Q%20edition: prelim) (accessed Sep 12, 2019).

26 California Air Resources Board. Low Carbon Fuel Standard Program https://www.arb.ca.gov/fuels/lcfs/Iefs.htm (accessed Sep 12, 2019).
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Thank you again for the opportunity to testify on this important topic.
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Mr. ToNKO. We thank you very much, Dr. Sant.
And we now move to Mr. Eisenberg for an opening statement for
5 minutes, please.

STATEMENT OF ROSS E. EISENBERG

Good morning, Chairman Tonko, Ranking Member Shimkus,
Ranking Member Walden, for today, members of the subcommittee.

My name is Ross Eisenberg. I am delighted to be here rep-
resenting the National Association of Manufacturers and talk about
our commitment to climate change.

In the eyes of America’s manufacturers, it is time to act on cli-
mate now. And the real question for policymakers should not be
whether to act but, frankly, how to do so effectively. Manufacturers
are doing our part. We have been and we will continue to do that.

Over the past decade, manufacturers in the United States have
reduced the carbon footprint of our products by 21 percent, while
we have increased our value of the economy by 18 percent over
that same time frame. Overall, the U.S. manufacturing sector has
one the world’s lowest carbon intensities per dollar of GPD because
we are so efficient, a fraction of the carbon intensities other major
manufacturing economies like China and India.

For example, just to put a finer point on this, aluminum pro-
duced in the United States is less carbon-intensive than just about
any other aluminum produced somewhere else and imported into
the United States. It is three times cleaner in that respect than
aluminum produced in the Middle East and imported into the
United States. It is four times cleaner than aluminum produced in
China and imported into the United States. So, our efficiency is a
win here for us and we should really be encouraging manufacturing
to come back and really operate here because that is where it is
going to be done the cleanest.

The type of deep decarbonization called for by this committee
would require a dramatic set of technology and lifestyle changes
across the economy. It is going to be extremely difficult. That is
pretty much without question. It is going to require us all to work
together here and around the world and it will, almost certainly,
carry a cost. It is not, however, impossible. I want to make that
clear. It is no, however, impossible and we are at the table for this
discussion for that reason.

Manufacturers do appreciate the careful, considerate, deliberate
approach that this committee has taken to listen to us, frankly,
and to have the conversation that you are all having. In the course
of those deliberations, two prevailing views have really emerged.
The first is should we really be focusing on enabling innovation
and the other is should we be empowering the Government to take
action.

In the eyes of manufacturers, we believe we need to do both and
here is why. We need innovation because the manufacturing sector
is different from other sectors and the technologies that may work
in other sectors just may not work so well in ours. The process
used to make a brick is substantially different than the process
used to make steel, or paper, rubber, plastic, fertilizer, aluminum,
not to mention finished goods like trucks, and cars, and airplanes,
and food and beverage, and electronics. Innovation is and always
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will be the key to reducing the carbon intensity of those sectors and
it is encouraging to hear everybody on this panel really say the
same thing.

Innovation by itself, however, is just not going to be enough and
so, for that reason, the Federal Government does have a clear role
in setting climate policy. This begins by reengaging on the inter-
national stage to achieve binding fair global climate treaty. And
with that backdrop, we hope that the Congress will enact a single
unified climate policy that meets specific targets, ensures a level
playing field and avoids carbon leakage, in other words, not simply
outsourcing our carbon to another country that has lower stand-
ards than we do, and it will preserve consumer choice and manu-
facturing competitiveness.

My written testimony provides more details on both of these pro-
posals but, together, we believe they should be the foundation of
the U.S. response to climate change.

Now as we embark down this road, we need to have a serious
discussion about cost. For manufacturers the math really does mat-
ter. The average manufacturer pays about $20,000 per employee
per year to comply with regulations. The small manufacturers pay
even more, about $35,000 per employee because they can’t scale it
up. Any new cost imposed by a climate policy will be added to that
already hefty base of costs and regulatory expenditures. So the ex-
tent that manufacturers have to bear those extra costs, Congress
should consider reducing regulatory tax or other economic burdens
to basically make manufacturers whole, and keep us whole, and
keep us competitive.

The math also matters for the internal decision-making and I
think that is something that I really want to stress today. A great
deal of potential reductions are going to come from installation of
new equipment, new processes—innovation, essentially. Manufac-
turers budget for discretionary investments like this. They are al-
ways looking to make these investments but, at the end of the day,
the decision on whether to spend that money involves consideration
of a wide range of factors, including payback time, the risk of
stranded investments, operating risks, reliability, environmental
permitting, and external factors like the future of the plant itself
in a competitive environment. Focusing on this math should be a
top priority of anyone seeking to reduce the carbon intensity of the
manufacturing sector.

The NAM believes we can be a part of this solution and we look
forward to working with this committee to pass and implement
some of our preferred policy solutions. There are many near-term
actions that we believe Congress and the administration could take
to accelerate our progress towards deep emission cuts. My written
statement includes a number of these and I hope we can talk about
them during the Q and A section. We think these would make a
real difference and ensure that emissions continue to decline in the
manufacturing sector, while Congress and the administration work
out some of these bigger policy issues as well.

I appreciate the time to testify today and thank you.

[The prepared statement of Mr. Ross Eisenberg follows:]
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SUMMARY OF TESTIMONY

In the eyes of America’s manufacturers, it's time to act on climate—and
the real question for policymakers now should not be whether to act on climate
but how to do so effectively. We are already doing our part to reduce greenhouse
gas emissions, and we will continue to do so. Over the past decade,
manufacturers have reduced the carbon footprint of our products by 21 percent
while increasing our value to the economy by 18 percent. Overall, the U.S.
manufacturing sector has one of the world’s lowest carbon intensities per dollar
of GDP, a fraction of the carbon intensities of other major manufacturing
economies like China and India.

The type of deep decarbonization needed to reach the targets sought by
the Committee will require a dramatic set of technological and lifestyle changes
across the economy. It is not, however, impossible. We need policies that
unleash innovation because the manufacturing sector is different from other
sectors, and the technologies that may work in other sectors may not work in
ours.

The federal government also has a clear role in setting climate policy. This
begins by reengaging on the international stage to achieve a binding, fair global
climate treaty. The NAM also recommends Congress enact a single, unified
climate policy that meets specific targets, ensures a level playing field, avoids
carbon leakage and preserves consumer choice and manufacturing
competitiveness.

Finally, there are many near-term actions that Congress and the
Administration could take to accelerate manufacturers’ progress toward deep
GHG emissions reductions. The NAM recommends:

e Enact the Clean Industrial Technology Act (H.R. 3978/S. 2300);
e Pass legislation and take regulatory action to improve New Source

Review;

¢ Ratify the Kigali Amendment and/or enact legislation to phase out
hydrofluorocarbons;

o Commercialize and deploy carbon capture, utilization and storage
technology;

e Permanently authorize the provisions of Title 41 of the FAST Act;

e Scale up investment in public- and private-sector energy and water
efficiency;

e Fund and expand climate and clean energy R&D federal programs at the
Department of Energy and elsewhere; and

e Pave the way for a smart grid.
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TESTIMONY OF RoOss EISENBERG

BEFORE THE HOUSE COMMITTEE ON ENERGY AND COMMERCE
SUBCOMMITTEE ON ENVIRONMENT AND CLIMATE CHANGE

Hearing on:
“Building a 100 Percent Clean Economy: Pathways to Net Zero Industrial
Emissions”

SEPTEMBER 18, 2019

Good morning, Chairman Tonko, Ranking Member Shimkus and members
of the Subcommittee on Environment and Climate Change. My name is Ross
Eisenberg, and | am vice president of energy and resources policy at the
National Association of Manufacturers. The NAM is the nation’s largest industrial
trade association, representing 14,000 small, medium and large manufacturers in
every industrial sector and in all 50 states. | am pleased to represent the NAM
and its members and provide testimony on manufacturers’ commitment to
addressing climate change.

In the eyes of America’s manufacturers, it's time to act on climate—and
the real question for policymakers now should not be whether to act on climate
but how to do so effectively. Manufacturers are doing our part to reduce GHG
emissions, and we will continue to do so. Over the past decade, manufacturers in
the U.S. have reduced the carbon footprint of our products by 21 percent while
increasing our value to the economy by 18 percent. Overall, the U.S.
manufacturing sector has one of the world’s lowest carbon intensities per dollar
of GDP, a fraction of the carbon intensities of major manufacturing economies

like China and India.
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As the Committee considers how to reach its ambitious goals, | must

stress that the type of deep decarbonization needed will require a dramatic set of
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producers and end users. It will require global coordination and enforcement.
And it will carry a cost.

It is not, however, impossible. Manufacturers appreciate the careful,
deliberate approach this Committee has taken to assessing the scope of the
problem and the effect policies would have on the many stakeholders involved.
Two defining views have emerged from Committee members: whether we should
focus on crafting policies that spur innovation, or whether we should craft policies

that enable the federal government to take action. | believe we need both.
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We need innovation because the manufacturing sector is different from
other sectors, and the technologies that may work in other sectors may not work
in ours. Manufacturers primarily emit GHGs in two ways: energy-related
emissions and process-related emissions. The types of energy and processes
used across manufacturing sectors are Sources.of Greenhouse Gas

. . . Emissions in 2017
typically very different. For instance, the
Agriculture

manufacturing process to make a brick LN
Commercial &

is markedly different than the process i
12%

used to make steel. The same goes for Transportation
29%

other energy-intensive sectors like

paper, plastic, rubber, fertilizer and

Electricity
28%

aluminum, not to mention finished goods
like cars, trucks, airplanes, computers, Source: Environmental Protection Agency
food and beverages, and household products. Innovation is and will always be
the key to reducing the carbon intensity of these sectors.

Innovation by itself will not be enough, however. The federal government
has a clear role in setting climate policy. This begins by reengaging on the
international stage to achieve a binding, fair global climate treaty. The goal of
such an agreement must be to address the climate threat in a manner that
prevents carbon leakage by ensuring that no country gains a competitive

advantage by failing to take action to reduce carbon emissions. It must be fair, on

target, enforceable, transparent, innovative and pro-trade. It must also protect
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intellectual property rights and eliminate all possible tariff and non-tariff barriers
to the purchase of environmental goods and technologies.

With the backdrop of an effective international treaty, the NAM also
recommends Congress enact a single, unified climate policy that meets specific
targets, ensures a level playing field, avoids carbon leakage and preserves
consumer choice and manufacturing competitiveness. Any solution must be
economy-wide and apply to all sources of emissions. It must work in lockstep
with the global framework to avoid carbon leakage—in other words, it shouldn’t
simply offshore carbon emissions from one country to another, which won’t help
address climate change but can hurt our economy. It must be a holistic
replacement for the current patchwork of federal, state and local laws and
regulations that address climate change, and it must displace current and future
climate liability suits (which make a lot of noise but do not actually solve the
problem). It should be fuel-neutral and should not require any particular
manufactured product to be phased out of the economy. It should provide
compliance flexibility for regulated entities and give credit for early action. Finally,
it should seek to balance any new costs on manufacturers with relief in other
areas, with the goal of keeping manufacturers whole.

This last point—the math—bears more explanation. The average
manufacturer pays about $20,000 per employee, per year to comply with
regulations, nearly double the amount of companies in other sectors.! Small

manufacturers pay even more, incurring regulatory costs of about $35,000 per

! hitps://www.nam.org/the-cost-of-federal-regulation/.
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employee, per year.2 Any new cost imposed by a climate policy will be added to
that already-hefty base of regulatory expenditures. To the extent manufacturers
must bear extra costs, Congress should consider reducing regulatory, tax or
other economic burdens on manufacturers to make them whole. A particular
focus should be placed on regulations of other air pollutants, which may be
reduced as a “co-benefit” of reducing GHGs.

The math also matters for internal decision-making purposes on
manufacturing shop floors. A great deal of the potential GHG reductions available
to the manufacturing sector will come from the purchase and installation of new,
more efficient equipment and the design of new manufacturing processes.
Manufacturers budget for discretionary investments and are constantly looking
for opportunities, but at the end of the day, the decision whether to spend that
money on new equipment must be justified. This involves consideration of a wide
range of factors, such as payback time, the risk of stranded investments,
operating risks, reliability, environmental permitting and external factors like the
future of the plant itself in a highly competitive, constantly evolving global
marketplace. Impacting this math should be one of the top priorities of anyone
seeking to reduce the carbon intensity of the manufacturing sector.

There are many near-term actions that Congress and the Administration
could take to accelerate manufacturers’ progress toward deep GHG emissions
cuts. The following bipartisan measures would reduce GHG emissions from the

manufacturing sector meaningfully and ensure that emissions continue to decline

2 ibid.
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while the larger, more complicated international and federal climate policies are

worked out. The NAM recommends the following:

Enact the Clean Industrial Technology Act (H.R. 3978/S. 2300). CITA
would set up a transformational industrial technology program at the
Department of Energy and would drive new technologies aimed at
increasing the technological and economic competitiveness of
manufacturing in the United States. The program would also find
pathways to reduce GHG emissions and create a technical assistance
program to help local communities and states evaluate and incentivize the
adoption of technologies that reduce industrial GHGs.

Pass legislation and take regulatory action to improve New Source
Review, a federal air permitting program that has, at times, stood in the
way of efficiency upgrades and environmentally beneficial projects at
manufacturing facilities. Simple reforms to NSR could unlock a massive
market for the installation of efficient technologies that would drive
manufacturers’ already-impressive emissions reductions down even
further.

Ratify the Kigali Amendment and/or enact legislation to phase out
hydrofluorocarbons (HFCs). The Kigali Amendment to the Montreal
Protocol on Substances that Deplete the Ozone Layer was agreed to in
October 2016 by more than 170 countries and entered into force in
January 2019. The Kigali Amendment sets a path for phasing out HFCs,
GHGs that are used in many manufactured products. HFCs were primarily
used to replace ozone-depleting substances, but their high potency as
GHGs has led to the development of replacement products with a smaller
environmental impact. These products already exist or are close to
market. The Kigali Amendment would reduce the global warming
equivalent of 4.1 billion tons of CO2 per year by 2050. It could also create
up to 150,000 more U.S. jobs by 2027 if ratified.

Commercialize and deploy carbon capture, utilization and storage
technology. The expanded Section 45Q carbon capture tax credit
established by Congress in 2018 was a positive development for CCUS
adoption. However, for the 45Q tax credit to achieve its potential,
regulators must clarify the rules to access the credit so that project
developers have the certainty they need to make investments in CCUS
projects. Lawmakers should also develop a clear standard for the handling
of long-term liability for CO2 transfers; resolve pore space ownership
issues; correct barriers to CO2 storage on federal lands; reform the class
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VI underground injection program to foster the build-out of underground
CO2 storage projects; increase funding for federal CCUS research,
development and demonstration programs and ensure programs are
authorized; and reduce permitting barriers that delay construction of
CCUS projects.

e Permanently authorize the provisions of Title 41 of the FAST Act. FAST-
41 is a voluntary permitting improvement program for infrastructure
projects that are likely to require a total investment of more than $200
million. The bulk of the projects in the program are clean energy or
resiliency based, and FAST-41 has improved their permits’ cycle time,
reduced conflict among agencies and generated more complete
environmental permitting than in the past. Significant emissions reductions
will require massive deployment of new infrastructure; these projects will
need access to FAST-41.

e Scale up investment in public- and private-sector energy and water
efficiency. These oft-ignored strategies can generate significant climate
savings. The International Energy Agency found that energy efficiency
alone could meet up to 40 percent of the Paris Agreement’s global GHG
reduction goals.® A recent study by the Natural Resources Defense
Council projected that to reach an 80 percent GHG emissions reduction
goal, the U.S. could get almost 42 percent of the way by maximizing
energy-efficiency investments and strategies.*

¢ Fund and expand climate and clean energy R&D federal programs at the
Department of Energy and elsewhere. Federal agencies house a multitude
of valuable tools and resources to help reduce emissions, such as the
Advanced Research Projects Agency — Energy, the DOE Advanced
Manufacturing Office and the Federal Energy Management Program.
These programs should be sufficiently funded and expanded.

e Pave the way for a smart grid. Modernization of the electric grid will allow
for better integration of advanced technologies, onsite generation and
end-use efficiency. It would also reduce GHG emissions. A 2010 DOE
study found that smart grid improvements could eliminate 277 million to
359 million tons of CO2 per year.5

3 https://www iea.org/newsroom/news/20 18/october/energy-efficiency-is-the-answer-for-building-a-secure-

and-sustainable-energy-syst.html.
4 https://www.nrdc.org/sites/default/files/americas-clean-energy-frontier-report. pdf.
> https://www.pnnl. gov/main/publications/external/technical_reports/PNNL-19112.pdf.
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The strength of the manufacturing sector—its diversity—also makes it
challenging to approach from a climate policy standpoint. The NAM believes we
can be a part of the solution and looks forward to working with this Committee to

pass and implement several of our preferred climate policy solutions.
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Mr. ToNKO. Thank you very much, Mr. Eisenberg.
Next, we will go to Dr. Friedmann for an opening statement. You
are recognized for 5 minutes, please.

STATEMENT OF JULIO FRIEDMANN

Dr. FRIEDMANN. There we go. Chairman Tonko, Representative—
Chairman Pallone, Ranking Member Walden, all of the members
here—I am so delighted to see so many people here for so long—
thank you, thank you, thank you for calling this hearing and for
inviting me to testify.

My name is Dr. Julio Friedmann. I am the only one you will ever
meet. This is the 5-minute version of the 5-hour testimony. I ask
that if you have any questions or follow-ups, please invite me back.
I am a resource and you know where I live.

This is an intensely difficult and complicated topic. This is not
something that is easy or digestible in soundbites. You already
have my testimony. I am happy to explain it in great depth but I
want to take this time to hit a couple of key points.

First of all, I work at the Center for Global Energy Policy at Co-
lumbia University and we exist to provide information of this kind
to people like you to help make good decisions. I lead an effort on
carbon management. We have two reports coming out in the next
month, all of them associated with heavy industry decarbonization
specifically for heat. Fun fact: Heat for heavy industry is ten per-
cent of global emissions—just heat. It is more than all the cars and
planes in the world together. If you have to melt a rock to do some-
thing, you need heat. Most of our industrial processes start by
melting a rock. That is properly hard. There aren’t easy ways to
replace that service and there aren’t really reliable or straight-
forward substitutes for things like concrete, or steel, or plastics, or
petrochemicals. We all have plenty to do. That is what the work
looks like. So, to cut to the chase, a couple of facts, three findings,
five ideas.

A couple of facts: The good news is that most of industrial pro-
duction in the United States is concentrated in a couple of geog-
raphies—New Jersey, Texas, California, Oklahoma, Chicago, along
the Great Lakes. These things are all in one place. That actually
means that there are ways to think about managing them in a
straightforward way.

Another thing that is helpful to understand in this is that, as
many people have mentioned, these are internationally traded com-
modities, for the most part. As such, the margins are small and
small increases in cost and price have dramatic increases in mar-
ket share. And of course, these sit in communities which have a
great deal of stake in them, both positive and negative. In some
cases, these are real sources of pride. They are essential sources of
wealth for these communities. At the same time, many of these fa-
cilities are also sources for pollution. This question is about envi-
ronmental justice associated with that. So these are fraught com-
plex issues and that is exactly why we need deliberation, discus-
sion, and thought.

So a couple of other quick facts, then three findings, five ideas.

Quick facts, like I said to begin, we don’t really have substitutes
for this stuff. Second, the assets are long-lived. A steel plant or a
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petrochemical plant that exists today is going to run for a long
time. That means that the idea that we will just replace it with
some other thing is unlikely in the near-term. We are on the clock
on climate change. So we have to make rapid emission reductions.
So you have to work within the existing asset base.

And the options we have, as many people have said, are not
great. We have chronic underinvestment in this sector, perhaps be-
cause we don’t have a Department of Industry. I am not recom-
mending we create one but it means that this jurisdiction is spread
across the entire government in a strange way.

You may not know this but ammonia is tracked by the United
States Geological Survey. That is because it is considered a mineral
resource. So they are the ones who gather the data on this.

So there is plenty of stuff to do. In that context, three findings:
First, as many have said here already, CCUS is essential. It is not
optional in this space. Ten percent of global emissions are from
steel and cement. Half of those emissions are the byproduct chem-
istry emissions and we don’t have processes today that are sub-
stitutes for that. So if you want to get five percent of global emis-
sions, you have got to do that. That is it.

And you can refer to my last round of testimony. I talk on that
subject in great depth. That was back in May 2019.

Second finding: Hydrogen is pretty promising. If you look at the
things that can burn at that temperature or that can be good feed-
stocks, hydrogen is one of the good ones. Today, the way we make
hydrogen that we call hydrogen, which is steam methane reforming
and we vent the CO2 into the air.

At the Air Products facility that was mentioned earlier, we have
what we call blue hydrogen, where we make hydrogen but we cap-
ture the CO2 and keep it underground. There is also green hydro-
gen, where you use green, renewable, or nuclear electrons to make
hydrogen through electrolysis and you use that.

Today, green hydrogen costs five to twenty times more than blue
hydrogen. So today, blue hydrogen is the best looking option. That
costs about 20 to 50 percent more than gray hydrogen but it is
pretty cheap, by comparison to a lot of the things we can do. It is
alsct)‘fa gaseous fuel, which means you can swap it in with other
stuff.

Last, as others have said, innovation is essential. We simply
can’t get from where we are to where we need to be if we don’t
have a deep, large, committed program for innovation.

I have to stop there but I thank you all for your testimony and
look forward to answering your questions.

[The prepared statement of Dr. Friedmann follows:]
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Chairman Pallone, Ranking Member Walden and Members of the Committee, thank you for inviting
me here today to discuss Industrial Decarbonization. My name is Dr. Julio Friedmann. T am a Senior
Research Scholar at Columbia University’s Center on Global Energy Policy at the School of
International and Public Affairs, where I lead an initiative on carbon management. It is an honor,
and timely, to appear before this Committee to discuss greenhouse gas emissions from heavy
industry.

Since my last congressional testimony in May 2019," the topic of industrial emissions has grown in
prominence, in part due to growing public concern over the environmental, economic and social
impact of climate change, as evidenced by the Green New Deal and the presidential primary
debates. This is long overdue. Global industrial GHG emissions represent about 24% of all GHG
emission — more than from all of transportation and almost as much as from power. In the U.S.,
industry emits 15% of total greenhouse gases, more than all cars. National and global emissions in
these sectors are growing fast. To make progress on climate change, it is essential to make rapid
progress in decarbonizing industry.

Heavy industry, including the manufacturing of steel, cement, refining, petrochemicals, fertilizer, and
glass, is essential to the U.S. economy and national security. Industry is a major employer (notably
for organized labor and underserved communities across the nation, and could be jeopardized by
international border tariffs based on carbon content. In many cases, margins are very tight for these
sectors, and (unlike for power or transportation fuels), international competition is fierce.

Industrial emissions are highly localized in large central facilities in a few states, notably Texas,
Louisiana, Oklahoma, New Jersey, California, and along the Great Lakes. These facilities are
important sources of local pride, high-paying jobs, thriving communities, and state revenues. They
undergird other key sectors like automobile manufacturing and construction, and are the focus of
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questions regarding environmental justice and equity. To maintain global commercial
competitiveness and serve our communities in many ways, we must understand what is possible and
discuss what is effective and fair in the context of climate change and energy transition.

The bad news is that progress on industrial emissions is extremely difficult. We have very few
options and our current options are expensive due to the very nature of industrial physics,
chemistry, engineering, and markets. There are potential new pathways, yet these are
underdeveloped due to chronic underinvestment and many uncertainties face the companies and
policy makers in considering viable options. The good news is that there are things to do that are
likely to prove cheap, effective, impactful, and low-risk. Swift action could provide both commercial
and competitive advantages for the U.S., and if done well, could reduce both criteria pollution and
greenhouse gas emissions with little impact to customers.

The challenges to managing industrial emissions are both difficult and straightforward:

e No substitutes: There are few viable substitutes for many commercial industrial products —
cement, steel, glass, paper, and plastics. We use more of these materials every day both in the
U.S. and the world and attempts at reducing consumption have not been successful.

e Long-lived critical assets: Cement kilns, blast furnaces, ammonia plants, and refineries are
multibillion-dollar assets. They operate today making money for their owners, are pretty
efficient, and serve key manufacturing chains and stakeholders (including cities, the military,
the Army Corps, etc.). Some facilities have just been upgraded and most anticipate long
operational lives. This makes it unlikely that they’ll be replaced soon.

e Few options: Even if we could replace major industrial facilities, it’s unclear what would
serve to both produce critical products with minimal emissions. Primary steel and cement
production have byproduct chemical emissions from coking and clinker production —we
lack technology options that don’t emit. Similarly, most of these options require very high
temperature heat — glass, steel, and cement production basically melt rocks as their first step
— for which we lack alternatives to fossil fuels. Electrification of many of these systems is not
possible as a retrofit and is very challenging or speculative as a new facility.

Thankfully, a number of groups and scholars, including at Columbia University, are diving into this
sector. In part we do so, following President Kennedy’s words, because it is hard and because it is
required. My own work focuses both on industrial heat and on other pathways to industrial
decarbonization, which I chose for that reason.

The good news is that the community of scholars and experts agree to the findings of what actions
would be most effective:
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e CCUS is essential: Analysis from the Intergovernmental Panel on Climate Change and
dozens of other organizations conclude that carbon capture, use, and storage (CCUS) is
essential to achieve important climate targets, including 2°C, let alone 1.5°.> Without CCUS
most models do not converge on a solution at all. Those that do cost more than twice as
much to reach the same targets. This is largely due to the role CCUS can play in heavy industry.> It
is the only technology known today that can capture process emissions from cement*. It is the first,
cheapest, largest fraction of what can be deployed in the U.S. and globally.5 It is the fastest, cheapest
pathway to low-carbon hydrogen and can help enable other key approaches like biofuels and
renewable hydrogen. It is also the lowest cost for mitigation available today and will drop further in
price through deployment. I spoke to this in some detail during my Senate testimony last May,
which may be found at this link
(https://energypolicy.columbia.edu/research /testimony/enhancing-future-ccus).

e Hydrogen is promising: To provide high-quality heat on demand, low-carbon hydrogen is
the first, best option for many industries. This is especially true for industries that use natural
gas, such as refining and petrochemicals, which can readily exchange one gaseous fuel for a
new one with only modest retrofits and costs. Overall, hydrogen appears to provide minimal
disruption to existing operating assets and could quickly and substantially reduce GHG
emissions. The lowest cost low-carbon hydrogen options today involve steam methane
reforming plus CCUS. As the costs for renewable electricity and electroyzers drop,
renewable “green” hydrogen can begin to substitute for fossil-based low-carbon hydrogen.

e Innovation investments are essential: Most of the other options (e.g., biomass based or
electrical based approaches) are not yet mature. The U.S. has underinvested in advanced
technology options for heavy industry, including ways to deeply reduce carbon pollution.
Today, the U.S. essentially supports no programs and no funding for such work. A new
innovation focus on clean heavy industry would help maintain a muscular U.S. heavy
industry, help us remain globally competitive, and could prove the cornerstone for future

s

2IPCC, 2018: Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the
impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission
pathways, 32 pp.

https://www.ipce.ch /site /assets /uploads /sites/2/2018/07/SR15 SPM version stand alone LR.pdf

3 Global CCS Institute, 2018, Global Status of CCS

Report: https://www.globalccsinstitute.com/resources /global-status-report

5 zero emissions from harder-to-abate

4 Energy Transition Commission, 2018, Mission Possible: Reaching near
sectors by mid-century: www.energy-transitions.org

5TEA 2018b, The future of petrochemicals: Towards more sustainable plastics and fertilizers (full report),
https://www.iea.org/petrochemicals
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infrastructure and jobs investments.® Doing so would also reduce conventional pollution,
improving the quality of life for those living near such facilities and strengthening our
national commitment to environmental justice.” There are several bills pending now,
including the EFFECT act® and the Clean Industrial Technology Act (CITA)’ which would
stimulate RD&D for industrial applications.

Given what’s at stake and what’s required, it’s clear we need to start now on this difficult set of
challenges. Thankfully, there are straightforward policies and actions that Congress can undertake
today with either near- or long-term impact.

®  Procurement Standards: Unlike in the power sector, Federal, State and City governments
directly or indirectly buy enormous fractions and volumes of industrial products - for
example, roughly 90% of cement and concrete, 50% of steel and 5% of fuels™. This gives
government procurement enormous leverage in these markets. A well-designed national
zero-emissions ‘buy clean” standard would immediately create demand for low-carbon
industrial products and stimulate private investment in decarbonizing industrial sources.
Importantly, analysis suggests that even substantial wholesale increased in the costs of
primary industrial products (like cement and steel) would have almost no effect on the final
price of finished goods (like bridges and cars) — in many cases only a 1% difference in final
costs." Governments also need to develop procurement and performance standards to
advise companies the specific technical requirements needed to obtain an offtake contract.
Recent state legislative proposals and new laws provide a model for how this might be
enacted.”

¢ Energy Futures Initiative, 2019, Advancing the Landscape of Clean Energy Innovation,

https:/ /energyfuturesinitiative.org/news /2019/2/6/clean-energy-innovation-report

7 Mckinsey, 2018, Decarbonization of the industrial sector: the next frontier.
https://www.mckinsey.com/industries /oil-and-gas /our-insights /decarbonization-of-industrial-sectors-the-
next-frontier

8 US Senate, 2019, S. 1201, https://www.congress.gov /bill /116th-congress /senate-bill /1201 /text

9 US House, 2019, H. 4230, https://www ss.gov/bill /116th-congress /house-

bill /42302q=%7B%22search%22%3A%5B%22clean +industrial+technologies%22%5D % 7D&s =3&r=1

10 Dell R., in press, Pathways to Deep Decarbonization

11 Op Cit.

12 CA Legislature, 2017, public contract code amendment 3500-3505

https://leginfo legislature.ca.gov/faces /codes displayText.xhtml?division=2.&chapter=3.&part=1.&lawCod
e=PCC&article=5. And https://www.dgs.ca.gov/PD /Resources /Page-Content/Procurement-Division-
Resources-List-Folder/Buy-Clean-California-Act
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o Infrastructure: Whether for CCUS, hydrogen, or electrification, it is likely that more public
infrastructure would accelerate adoption. For example, almost all CCUS is accomplished
through the 5000 miles of shared CO: pipelines. Deployment of conventional CCUS will
require thousands of miles more, mostly in the form of small regional networks that serve
communities and regions while storing in local, high-quality geological storage sites."
Similarly, additional high-voltage DC and/or AC transmission to heavy industry or
hydrogen infrastructure would serve to reduce costs and operational obstacles to adoption
(Appendix A & B). Laws such as the USE IT Act, currently under consideration, could
reduce risk and ambiguity for CO, and hydrogen pipelines and make financing and
operation easier. Additional incentives, such as block grants to states or regions, a
competitive grant program managed by the Office of Fossil Energy, or a bespoke
investment tax credit, could help greatly.

o Innovation agenda: It appears that power sector decarbonization will be faster and easier that
industrial systems, in part because there are options available. This is in part follows over 50
years of R&D and government procurement for renewables, advanced nuclear, and natural
gas production. Given the challenges facing industrial decarbonization, we must invest now
in developing alternatives that could be fielded in the future. This will help maintain U.S.
competitive in the complex global markets and support innovators in small companies and
universities across the country. Such work is essential in early deployment, and is a good
complement to other policies like tax incentives and carbon pricing that might follow in the
future."

These policies have the advantage of being fairly cheap, serving multiple interests, and delivering
change quickly. In contrast, many other conventional climate policies may prove less effective in
industry than in other sectors (like power). For example, an economy-wider carbon tax may prove
helpful but insufficient to drive industrial decarbonization, in part because of the lack of technical
options and in part due to the high current cost of direct management of greenhouse gas emissions
in these sectors. Moreover, the trade implications for industrials like steel and petrochemicals might
prompt protectionist approaches like a border carbon adjustment. While that might prove effective,
the potential consequences could be negative and enormous to trade, international partnerships, and
domestic industries broadly. That’s why I have two final recommendations:

13 Great Plains Institute, 2017, 21 Century Energy Infrastructure: Policy recommendations for development
of American CO2 pipeline networks, 27p,. https://www betterenergy.org/wp-
content/uploads/2018/02/GPI Whitepaper 21st Century Infrastructure CO?2 Pipelines.pdf

1 Sivaram V. & Kaufman N, 2019, The next generation of federal electricity tax credits., CGEP report,
https://energypolicy.columbia.edu/research /commentary/next-generation-federal-clean-electricity-tax-
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e Analysis: While other countries have Ministries of Industry, the U.S. does not have a
Department of Industry. There is no government agency tasked with aggregating all the
relevant data on fuel use, emissions, commercial production, health effects, and trade for
industry that would advise either the Executive or Legislative branches. To be clear, I am not
proposing the creation of a new agency or department. Rather, agencies, like DOE, EPA,
Transportation, and Commerce and entities like NIST, the Export/Import Bank, and others
share aspects of the U.S. industrial enterprise. They require better understanding of the
current state of affairs and the likely costs and timelines of current and future options.
Congress should consider how and where best to create such an analytical authority that can
bridge and serve these agencies and provide it with access to the funding and data required
to inform them well (for example, vesting the job of analysis and data gathering at the DOE
in partnership with other agencies). Some of these provisions are mentioned in the draft
CITA language.

e Internationally coordinated sector agreements: Trade concerns inhibit investment and action
in reducing industrial emissions, in large part due to concern about disadvantaging domestic
industries in a global market. One way to manage these concerns is to coordinate
international activity and agreements in specific sectors (e.g., chemicals, steel, aluminum).
International discussions and agreements could be modeled after the Montreal Protocol,
with specific caps and reduction targets and timelines agreed to by all key parties and with
growing ambition over time.

In summary, we have little choice. To remain globally sustainable and globally competitive, it’s
essential to start the work of industrial decarbonization in a way that respect the limits of physic and
chemistry, the needs of communities and industries, and the urgency of the challenge. With that, T
look forward to your comments and questions.
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Mr. ToNKO. Thank you, Dr. Friedmann.
And finally, Mr. Walsh, thank you for joining us, and you are
recognized for an opening statement of 5 minutes, please.

STATEMENT OF JASON WALSH

Mr. WALSH. Thank you, Chairman Tonko, Ranking Member Wal-
den, and distinguished members of the subcommittee. Thank you
for convening this really important hearing today.

The BlueGreen Alliance unites America’s largest and most influ-
ential labor unions and environmental organizations. Our partner-
ship is firm in the belief that Americans don’t have to choose be-
Ewe};an a good job and a safe environment. We can and must have

oth.

Reducing emissions from the U.S. industrial sector is a clear ex-
ample of this principle. If done right, a robust Federal commitment
to rebuild American manufacturing and reduce greenhouse gas
emissions from this sector will grow American competitiveness and
secure and create a new generation of good middle-class jobs across
America.

The industrial sector is the largest source of emissions in the
United States when electricity is distributed to its end use. And im-
portantly, emissions are projected to increase significantly between
now and mid-century by roughly 17 percent. That compares to
other sectors, at least under a business as usual scenario, are pro-
jected to see flat or declining emissions. So any gains that we see
in other sectors would be more than outweighed by increases in in-
dustrial sector emissions, unless we act.

Tackling industrial sector emissions must, therefore, be central
to any climate strategy moving forward. This is a significant chal-
lenge, as has been pointed out by a number of my fellow witnesses.
Reducing emissions to the level required by climate math, which is
pretty brutal, will require smart policies, tremendous technological
ingenléity, and significant investment but we have barely gotten
started.

Policymakers and philanthropy have focused, to date, on emis-
sion reductions in other sectors—buildings, power, transportation,
all for very good reasons, but the industrial sector has received rel-
atively little attention by comparison and it will be the single hard-
est sector to net out zero emissions.

Tackling emissions is also an issue of global economic competi-
tiveness. Prioritizing investments in U.S. manufacturing will not
only reduce emissions but will create and retain good jobs in the
United States for two primary reasons: One, a significant propor-
tion of emission reductions can be realized by reducing energy
waste, saving money manufacturers can invest in capital and in
their workforces, supporting jobs through the installation of energy
efficiency technologies as well; and two, U.S. manufacturers’ ability
to produce clean technologies and use cleaner processes will make
them more competitive in an increasingly carbon-constrained global
economy.

Let me take the steel industry as an example, which also speaks
to Ranking Member Shimkus’ very good question which, in turn,
echoed Mr. Gates’ very good question. The steel industry currently
generates about seven percent of the world’s CO2 emissions, con-
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tributing over three gigatons of CO2 annually. Global steel demand
is forecast to increase from 1.7 billion tons in 2018 to 2.6 billion
tons in 2050.

There are several ways to reduce emissions from iron and steel
production, including industrial energy efficiency, material effi-
ciency and reuse, fuel and feedstock switching, and of course, car-
bon capture utilization and sequestration. Investments are hap-
pening today to drive these innovations and to develop cutting edge
technologies and practices.

But where are these investments happening? They are not hap-
pening here. They are happening in Germany, in Sweden, in the
United Arab Emirates. These types of cutting edge projects are not
being built in the United States because we don’t have the policies
and programs in place that incent and support the kind of invest-
ments needed to make them a reality. If we don’t start playing
catch up, the future of innovative, low, and zero emission
steelmaking will be commercialized by our global competitors in
their own countries. We can’t let that happen.

We need to move forward an aggressive American agenda to re-
gain our leadership in clean technology innovation and deployment
and we need to do it now. We need a holistic approach to retaining
and growing clean energy manufacturing in the U.S., while also in-
vesting in these industries to make them the cleanest and most
competitive in the world. These investments must result in good
paying jobs and go hand in hand with common sense tax procure-
ment and trade enforcement policies to stop the offshoring and
leakage of jobs and pollution, as have been noted by a number of
witnesses and members of this committee.

My written testimony outlines a number of specific policy rec-
ommendations to achieve these goals.

In closing, we look forward to working with this committee as
you move forward your agenda for the 116th Congress. Thank you
again for the opportunity to testify today.

[The prepared statement of Mr. Walsh follows:]
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Thank you Chairman Tonko, Ranking Member Shimkus, and distinguished members of the
subcommittee. My name is Jason Walsh, and I am the Executive Director of the BlueGreen
Alliance, a national coalition of labor unions and environmental organizations. On behalf of my
organization, our partners, and the millions of members and supporters they represent, I want to
thank you for convening this hearing today to examine opportunities to reduce emissions in the
U.S. industrial sector.

The BlueGreen Alliance unites America’s largest and most influential labor unions and
environmental organizations to solve today’s environmental challenges in ways that create and
maintain quality jobs and build a stronger, fairer economy. Our partnership is firm in its belief
that Americans don’t have to choose between a good job and a clean environment—we can and
must have both.

Reducing emissions from the U.S. industrial sector—the topic of today’s hearing—is a clear
example of this principle. If done right, a robust federal commitment to rebuild American
manufacturing and tackle emissions from this sector will grow American competitiveness in the
global economy and secure and create a new generation of good, middle-class jobs across
America—all while tackling the climate crisis.

The world’s leading scientific organizations have been unambiguous that climate change is a dire
and urgent threat and that the longer we delay, the stronger the action required. Over the last
decade, we have witnessed the worsening impacts climate change is having on our communities.

At the same time, our nation is struggling with deep and crippling economic inequality.
According to the Economic Policy Institute, “the bottom 90 of the American workforce has
seen their pay shrink radically as a share of total income,” from 58% in 1979 to 47% in 2015.
That is almost $11,000 per household, or $1.35 trillion in additional labor income. There is a
direct correlation with the decrease of worker power over this time, as the share of workers in a
union fell from 24% in 1979 to under 11% now."

Americans face the dual crises of climate change and increasing economic inequality, and for far
too long we’ve allowed the forces driving both crises to create a wedge between the need for
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economic security and a living environment. We know this is a false choice—we know that we
can and must have both, and we need a bold plan to address both simultaneously.

That’s why this summer the BlueGreen Alliance alongside our labor and environmental partners
released Solidarity for Climate Action, a first of its kind platform to fight climate change,
reduce pollution, and create and maintain good-paying, union jobs across the nation.

If we do it right, innovating, manufacturing, and installing the clean economy can protect the
environment while creating quality jobs. Prioritizing the industrial sector and U.S. manufacturing
must be a key focus—both to reduce climate emissions, but also to create more good jobs in
manufacturing and ensure our industries’ global competiveness.

Tackling the Industrial Sector Must be Key Policy Focus

The industrial sector represents a significant source of U.S. emissions. In 2016, the largest
sources of greenhouse gas emissions by sector were transportation (nearly 28.5%), electricity
production (28.4%), and industry (22 %)." However, distributing electricity by end-use reveals
that the industrial sector is the largest source of emissions in the United States, responsible for
29% of emissions overall. i

Not only are industrial sector emissions large today, they have been growing and are projected to
increase further. Globally, industrial sector emissions increased at an average annual rate of 3.4%
between 2000 and 2014, significantly faster than total carbon dioxide (CO2) emissions. ™
Industrial sector emissions are also growing at a faster rate than other sectors. Between 1990 and
2014, industrial sector emissions increased by 69%, while emissions from buildings, power, and
transport increased by only 23%." Industrial sector emissions in the United States are projected
to increase 17.6% through mid-century."!

While other economic sectors are projected to see flat or declining emissions, */! these climate
benefits will be offset by increases in industrial emissions under a business-as-usual scenario.
Reductions in the power and transportation sectors, for example, are projected to be offset by an
increase in carbon emissions from industrial sources. "l Therefore, while progress must be made
across sectors, industrial sector emissions are a current and growing threat to climate progress.

While emissions from a range of economic activities are included in the industrial sector,
manufacturing accounts for roughly three-quarters of it. And within manufacturing, several key
energy-intensive manufacturing sub-sectors are responsible for the majority of emissions.™ The
six largest sources of industrial sector emissions, now and looking ahead, are chemicals,
petroleum refining, iron and steel, food products, paper products, and cement and lime
production.*

Addressing the emissions associated with these industries is a significant challenge. Reducing
emissions to the level required by climate math will require smart policies, tremendous
technological ingenuity, and significant investment. In the industrial sector, we’ve barely gotten
started. Philanthropy and policymakers have focused to date on emission reductions in other
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parts of the economy—in the power, transportation, and buildings sectors. The industrial sector
has received little attention by comparison, a dynamic that needs to change, not least because it
will be the single hardest sector in which to zero out emissions.

This is a Competitiveness Issue

Tackling emissions from the industrial sector is not only critical from a climate change
mitigation perspective. It is an issue of global economic competitiveness. Prioritizing
investments in U.S. manufacturing will not only reduce greenhouse gas emissions, but it will
create and retain good jobs for two primary reasons: (1) a significant proportion of emission
reductions can be realized by reducing energy waste, which saves money that manufacturers can
otherwise use for workforce and capital investments, and which also supports jobs through the
installation of energy efficiency technologies; and (2) U.S. manufacturers’ ability to produce
clean technologies and to use cleaner processes will make them more competitive in a global
economy in which market demand is shifting inexorably in that direction.

Let’s take the steel industry as an example.

The steel industry currently generates approximately 7% of the world’s CO2 emissions,
contributing over three gigatons of CO2 to global emissions annually.™ Global steel demand is
forecast to increase from 1.7 billion tons in 2018 to over 2.6 billion tons by 2050. Emissions
are therefore likely to increase absent intervention.

There are several ways to look at reducing emissions from steel production:
Industrial Energy Lfficiency and Material Efficiency and Reuse

A key way to improve the energy efficiency of manufacturing is through the use of co-generation
systems, often referred to as combined heat and power (CHP), or waste heat to power (WHP) "
In addition to CHP and WHP, a range of commercially available efficiency technologies and
measures exist that could reduce greenhouse gas emissions from steel manufacturing. Studies
have shown that efficiency improvements could result in a 15 to 20% reduction in energy
consumption for steel. ™"

A range of other advanced manufacturing practices and technologies can drive continued yield
improvement from crude steel production to final steel in products, equipment, buildings, and
infrastructure. This can help reduce the amount of steel production needed for the same
products.™

We also need more innovation of technologies and business models to scale up the reuse of
materials and support circular economies within manufacturing. Recycling is already an integral
part of steel production, although we need to do more to reduce contaminants in steel products to
further increase the recyclability of scrap steel. But increasing high-quality material recirculation
is most important in subsectors like chemicals, where the recycling of plastics lags far behind
other commodities.
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Fuel and Feedstock Switching

Fuel switching to clean sources can also help reduce greenhouse gas emissions from the
industrial sector, particularly with respect to process heat, which is the biggest source of energy
use and related emissions in the sector. This could include switching to dispatchable renewable
sources, such a solar thermal or sustainable biomass, and the electrification of certain processes.
Steelmaking, however, relies on very high temperatures for process heat, which we can’t yet
achieve with heat from cleaner sources.

New technological innovations are under development to address the emissions associated with
high-temperature heat generation. One promising new innovation is a process called
“electrolysis,” which could replace high-temperature chemical processes. In this method,
electricity, rather than heat, would drive reduction and oxidation reactions.*" The combination of
renewable energy with electrolysis is currently being developed. i

A second innovative approach under development entails reducing emissions from the
consumption of fossil fuel for heat and emissions from certain feedstocks by switching them with
zero-carbon hydrogen or biomass. *it: ¥ For example, primary steel can be produced through
direct reduction of iron ore with renewables-based hydrogen™ as a fuel and feedstock instead of
coal ™

Carbon Capture, Utilization, and Sequestration (CCUS)

The Intergovernmental Panel on Climate Change (IPCC) Special Report found that CCUS plays
a major role in decarbonizing the industrial sector in pathways limiting warming to both 1.5°C
and 2°C, particularly in the key manufacturing industries with higher process emissions that
result from the conversion of feedstocks into commodities—for example, iron ore into iron and
steel, limestone into cement, and bauxite into aluminum. ¥ It needs to be emphasized that these
emissions are associated with chemical conversions rather than energy use and we do not
currently have near-term options other than CCUS to manage them.

Industrial facilities that capture and sell CO2 can reduce their emissions while also gaining an
extra revenue stream, creating jobs in their company as well as downstream industries and
suppliers. The economic benefit of this would encourage more carbon producers to capture their
emissions, and could result in reduction of stationary source CO2 emissions from current levels.
Adoption of CCUS also means that we can find more effective ways to safely utilize CO2
emissions in ways that do not damage the environment. CO2 is already used in some industrial
processes, such as waste gas recycling used in steelmaking (see below), and has the potential to
shift from a burden to a valuable commodity in the future as research into safe carbon utilization
advances.

The Future of U.S Competitiveness is at Stake

Investments are happening today to drive these innovations in iron and steelmaking and develop
the cutting edge technologies and practices that will significantly reduce emissions in this
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industry. But where are these investments happening? For the most part, they’re happening in
other countries, not in the United States.

For example, in Hamburg, Germany, ArcelorMittal launched earlier this year a €65 million pilot
project to test hydrogen steelmaking on an industrial scale. And in Ghent, Belgium, with its
partner Lanzatech, ArcelorMittal is building the first large-scale plant to capture waste gas and
biologically convert it into bio-ethanol. It predicts a CO2 reduction of up to 87% compared with
fossil transport fuels. In Sweden, SSAB, a global steel company, joined with LKAB, Europe’s
largest iron ore producer, and Vattenfall, one of Europe’s largest electricity producers, on a
project to produce steel using hydrogen. ™ Lastly, in 2016, the Al Reyadah project in Abu
Dhabi came online, becoming the world’s first commercial steel carbon capture project.™"

Many of these projects benefit from public support. The SSAB project, for example, will receive
SEK 500 million from the Swedish Energy Agency, on top of the SEK 60 million already
contributed. And the Al Reyadah CCUS project would not have happened without state support
from the United Arab Emirates.

These types of cutting edge projects are not being built in the United States because we don’t
have the policies and programs in place that incent and support the kind of investments needed to
make them a reality. If we don’t start playing catch up with the countries that do, the future of
innovative, low -and zero-emission steelmaking will be commercialized in countries that are our
global competitors. We cannot let that happen. In iron and steel and other manufacturing sub-
sectors, we must move forward an aggressive agenda to regain American leadership in clean
technology innovation and deployment, which are inextricably linked.

Recommendations

We need a holistic approach in this country to retaining and growing clean energy manufacturing
in the United States while also investing in these industries to make them the cleanest and most
competitive in the world.

American leadership in inventing—and manufacturing—the most advanced technology of all
kinds was once a cornerstone of a strong and growing middle class and a pathway for many out
of poverty. Innovating, building, and installing the clean economy can be a critical pathway to
revitalize American manufacturing while protecting the environment and creating quality jobs
across the country. We can rebuild American competitiveness in the global economy, and secure
and create a new generation of good, middle-class jobs across America through a national
strategy to lead in clean and emerging technology production. This must include:

o Technical and financial assistance targeting the biggest energy using and emitting
manufacturers in the United States, enabling them to deploy fully commercialized
industrial energy efficiency technologies and energy performance systems;

o Major new investments to spur domestic manufacturing and supply chain development in
rapidly growing clean technologies;
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o Increased funding for research, development, demonstration, and deployment of the
transformative technologies that will be required to decarbonize the industrial sector, in
particular those related to electrification, fuel -switching, and industrial CCUS;

o Expanding and adapting clean technology manufacturing loan and grant programs such
as U.S. Department of Energy’s (DOE) Advanced Technology Vehicles Manufacturing
Loan Program and the Sec. 132 Domestic Manufacturing Conversion Grants program;
and

o A focus on environmentally, economically, and socially responsible mining projects, as
well as reclamation and recycling initiatives to ensure we’re creating the materials
necessary for a clean and secure energy future here in the United States.

Nationwide improvements in industrial energy efficiency and pollution reduction enjoy the
diverse support of the labor, business, and environmental communities. Measures to help reduce
energy costs, decrease pollution, and boost productivity and efficiency within the industrial
sector will support U.S. manufacturers and help maintain our competitive edge in the global
economy. Congress should:

e Increase appropriations for the key federal programs within the DOE that focus on the
industrial sector, including the Advanced Manufacturing Office (AMO);

e Pass the Clean Industrial Technology Act (CITA), sponsored in the House by
Congressman Casten and others, which would establish a new advisory council at the
Department of Energy to coordinate funding for developing innovative technologies for
industrial processes;™"

e Extend, modify, and create tax credits for industrial efficiency improvements like CHP
and waste heat to power, as well as the advanced energy manufacturing tax credit (48C)
to once again support manufacturers as they expand into the clean economy;

e Create a program modeled after the successful DOE Industrial Technologies Program to
provide matching funds for major industrial efficiency projects, which was the direct
driver for ArcelorMittal’s Indiana Harbor Combined Heat and Power project;

e Establish a grant or revolving loan fund program to provide resources to manufacturers
for producing clean energy, transportation, and infrastructure technology and energy
efficient products and for reducing greenhouse gas emissions from manufacturing
facilities—with criteria for domestic, high-quality job creation, particularly in low-
income communities. This could be modeled on the IMPACT Act of 2009; and

e Utilize “Buy Clean” or other federal procurement standards that require the federal
government to consider the carbon footprint of goods they’re purchasing, and to prioritize
manufacturing firms that uphold strong labor standards and create good jobs in low-
income communities.

Lastly, any approach to industrial emissions reduction must consider the unique challenge the
industrial sector faces related to global competitiveness. Many U.S. manufacturers are in
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“energy-intensive, trade-exposed” (EITE) industries and are very vulnerable to global
competition. Steel, glass, metal casting, pulp and paper, aluminum, and chemicals are all traded
globally and purchased predominantly based on price in a global marketplace, V- Vi xxvitt

Additionally, policies intended to reduce emissions could unintentionally—through increased
costs to U.S. manufacturers—result in a phenomenon known as “carbon leakage.” Rising costs
could push production to manufacturers in countries with less stringent standards, which could
ultimately result in an increase in global greenhouse gas emissions in the long term . Any
federal effort to tackle industrial sector emissions and grow U.S. manufacturing therefore must
include:

o Using common sense tax, procurement, trade enforcement, and border adjustments
policies to stop offshoring and the leakage of jobs—and pollution—overseas; and

o Ensuring that trade agreements are enforceable, fair for all workers, and benefit the
environment and the climate.

Ensuring Quality Job Creation

At the same time, we must ensure that these investments result in good-paying jobs. While many
clean economy jobs are good, union jobs, too many still are not. Too many companies are
offshoring jobs, offering substandard wages, conditions and benefits, or failing to provide safe,
healthy workplaces. We cannot rebuild prosperity if working people and the communities they
live in fail to see the gains from innovation and a cleaner economy.

Therefore, in addition to investments in innovation, manufacturing, and emission reduction
technologies, we need an ironclad commitment to high-quality job creation across all sectors of
the economy—but especially related to clean energy, adaptation, and resilience. That means a
commitment to:

o Increase union density across the country through strong support of the right to organize

throughout the economy, including in the clean technology sectors;

o Apply mandatory labor standards that include prevailing wages, safety and health
protections, project labor agreements, community benefit agreements, local hire, and
other provisions and practices that prioritize improving training, working conditions, and
project benefits. This includes respect for collective bargaining agreements and workers’
organizing rights such as neutrality, majority sign-up, and first contract arbitration for
construction, operations, and maintenance;

« Raise labor standards in the non-construction sectors through improved wages and
benefits and the prioritization of full-time work that eliminates the misclassification of
employees and misuse of temporary labor;

o Invest in training, equipment, preparedness, plan development, and other tools including
through registered apprenticeship programs to ensure a robust, skilled, and well-prepared
workforce to address the extreme weather events and other impacts caused by climate

change; and
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o Utilize community benefit, workforce, and other similar agreements that improve access
to jobs and career paths, and identify and implement mechanisms to ameliorate and
improve local economic and environmental impacts, particularly in low-income
communities and communities of color.

In closing, I want to reiterate that reducing emissions in the U.S. industrial sector—if done
right—is a significant opportunity to ensure a more equitable society, increase U.S. global
competitiveness, and create good-paying jobs across the country—all while reducing the
emissions driving climate change.

We look forward to working with this Committee as you move forward your agenda for the
116th Congress. Thank you again for the opportunity to testify today.
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Mr. ToNKO. Thank you, Mr. Walsh.

So that concludes the opening statements provided by our wit-
nesses. We now will move to member questions. Each Member will
have 5 minutes to ask questions of our witnesses.

I will start by recognizing myself 5 minutes.

We know that there are challenges but we should not underesti-
mate what can be accomplished over the course of a few decades.
If we start right now putting in place the right incentives, the re-
search investments, and standards, how much progress can we
make by mid-century to decarbonize industry? And what is your
recommendation for the very first thing we should do to get start-
ed?

Let’s start with you, Mr. Perciasepe. How much progress can we
make and what is the first thing we should do?

Mr. PERCIASEPE. Well I think what you heard from a lot of the
witnesses is that there is a lot of progress already underway, in-
cluding some of the very difficult pieces that have been mentioned
by members in their opening statements, in steel and in cement.
Those industries we have to look at how to improve the actual
processes.

But one other thing, there is also companion activities here be-
cause all of industry uses electricity. And so to the extent that we
are decarbonizing electricity with other approaches, with renewable
energy, nuclear, and carbon capture, the electricity that the indus-
try will be getting is going to be cleaner and there is also transpor-
tation moving the products around.

So I think that probably the first thing to do is, at a minimum,
is to put more incentives in place to stimulate the innovation of the
new technologies, ones that cut across industrial sectors like carbon
capture, and we have some of that already as has been mentioned
under the Tax Code, 45Q, but also the innovation needed in these
new processes for making steel, making steel or iron, pure iron
from a reduction with hydrogen as opposed to the current methods.
It uses a lot less—creates a lot less carbon dioxide just to make the
iron. That is, obviously, the main ingredient in steel.

So these processes that companies are working on could really be
accelerated with public incentives.

Mr. ToNKO. Thank you.

Dr. Gregory, what progress can we make and what is the first
thing we can do?

Dr. GREGORY. I think that actually one of the simplest things
that can be done that are specific to the cement and concrete sector
are related to this use of performance-based specifications that I
mentioned because you know we heard a lot of discussion about
CCUS, which should definitely be done but, if we develop new ma-
terials that have a lower carbon footprint but we can’t create a
market demand for them, then they won’t be used. And we have
already seen failures of companies that produced these things in
this country, who couldn’t do it in a cost-competitive way and also
couldn’t get adoption of this from engineers who use it. And so en-
couraging, essentially, engineers rather than to say this is the mix-
ture that we have already used that is something safe and we
know, get them to say what are the performance metrics that you
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are interested in and then tell me what the measurement is of the
carbon footprint as well.

And believe it or not, that seems like a simple and obvious thing
but it is sort of like instead of using a specific recipe to make cook-
ies, tell me what are the kind of cookies that you are interested in.
What are the attributes of them? That is what we need for mate-
rials as well, to create demand for these low-carbon materials.

Mr. Tonko. OK. We have about two minutes remaining for my
time. If we could just get quick answers from the remaining four
witnesses, please.

Dr. SANT. Sure. Very quickly, I think the two things that we
should really try and focus on is really, number one, carbon effi-
ciency standards, which we can apply across the nation, across a
series of products.

The second part, technologically, we have done a lot of work to
develop new technologies. The issue with most of them is we have
not demonstrated them suitably at scale. So I think we really need
support to be able to demonstrate things at relevant scales so that
manufacturers can start to see whether these are cost-effective
enough for them to actually integrate into their operations.

Mr. Tonko. Thank you.

Mr. Eisenberg.

Mr. E1SENBERG. We all agree that innovation is the key here.
Please give us the tools to do it. We need the incentives. We need
the access to the labs, the partnerships with the Federal Govern-
ment and within the private sector, and we need to make sure that
the math works at the plant level.

Mr. ToNKO. And how much progress can we make?

Mr. EISENBERG. We can make a lot of progress, especially in the
near-term, especially since you are going to have a lot of hard deci-
sions to make on the federal policy side. But getting that in now,
funding those things up and giving us access to them, will make
an appreciable difference and a real difference for manufacturers.

Mr. ToNKO. Thank you.

Dr. Friedmann.

Dr. FRIEDMANN. A comprehensive approach could get us 65 to 75
percent. We could get a lot.

The number one thing: Procurement. You said it yourself, Chair-
man. The number one thing is procurement.

The Government buys 60—sorry—90 percent of cement and con-
crete, 50 percent of the steel that is made in this country. You guys
have an outsized role. And by driving that procurement process,
you can create new customer base and new options for the manu-
facturers themselves, so that they can sell a better product into a
better market.

Mr. ToNKO. Thank you very much.

And finally, Mr. Walsh.

Mr. WALSH. We need to deploy the technologies that we already
have commercialized more fully—industrial energy efficiency, co-
generation. We can carve about 15 to 20 percent emissions out of
the industrial sector as a whole.

Industrial sector decarbonization is really hard but one of the
ways in which it is easier is that we know where those facilities
are. We also know from DOFE’s Barriers to Industrial Efficiency Re-
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port, which was issued in 2015, that one of the primary barriers
for manufacturers is lack of information. They don’t know the tech-
nologies are out there. They don’t know the payback times. They
don’t know different pathways. We have got a whole set of re-
sources that DOE, the Advanced Manufacturing Office, inter-
national labs, that could be put—could be brought to bear. It is
nothing but benefit for U.S. manufacturers.

Mr. ToNKO. Thank you very much to each of our witnesses.

I then will now recognize Representative Walden for, as the
ranker for the full committee, for 5 minutes to ask questions.

Mr. WALDEN. Thank you, Mr. Chairman. I want to thank all of
you. This has been a really good panel and we really appreciate
your input and your counsel on these issues, and they are not easy.
It is far beyond just a slogan. We have got a lot of important work
to do.

Dr. Gregory, we are glad to have you here. I understand you
grew up in Bend, Oregon. So, there are two of us from the Second
District here, at least. We appreciate that.

Mr. Eisenberg, our view is the path to cleaner technology comes
from the ground up from innovators, from investors. We know you
have got to have the right incentives.

Can you speak to the importance of the 45Q tax credit, which we
extended as part of the tax bill? It has two different variants to it.
Is that having a positive impact and incentive in the market that
we want to see results from? Is it working?

Mr. EISENBERG. So it is working to the—and I am hearing it
from my members. We actually recently this year brought in a
group called the Energy Advance Center into the NAM. It is a
project of the NAM. It is manufacturers that came together around
the 45Q tax credit and are looking to try to find ways to turn that
into innovation on the ground, principally, in the oil and gas sector
but definitely other manufacturing sectors as well. We are going to
need it all.

There is a lot more we can do beyond that but it was a heck of
a start. And it is one of those things where you can use incentives
and they work. I mean we saw it on a number of issues in the en-
ergy space, and this is no exception, where incentivizing the tech-
nology has brought manufacturers out of the woodwork ready to ac-
tually test some of this and put it into place.

There is plenty more that we can do in this space, including
starting with enacting the USE IT Act and passing the USE IT
Act.

Mr. WALDEN. Right.

Mr. EISENBERG. But also, things like port space, ownership, and
plenty of other issues to get this off the ground but it is good to
hear that we all agree that this is important.

Mr. WALDEN. Yes, I think so. And I guess I approach it from,
how do we give the carrot as opposed to the stick. I mean that is
where I tend to come down and not over-regulate, or overtax, or
whatever on the Government side of this but, rather, how do we
put in the incentives in place for our great innovators to respond
and act?

And Dr. Gregory, and Mr. Eisenberg, Oregon’s only cement man-
ufacturing plant, as it turns out, would be in the district I have the
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great privilege to represent in Durkee, Oregon. It employs about
100 people, directly effects around 600 jobs in the area, which is
enormous in this very rural county, as you know. It is a very trade-
exposed plant. And I have been out there. I have toured it. They
have invested tens of millions of dollars to reduce all kinds of emis-
sions, mercury, everything else. They really do care about the envi-
ronment.

It costs roughly the same amount to ship the cement they manu-
facture to Portland, Oregon, not Portland cement but Portland, Or-
egon, as it does for China to ship their cement from China to Port-
land, OK, which is pretty hard to believe but that is what they tell
me.

And our concern is if Oregon replicates some of the other climate
proposals and policies, we could end up losing that plant and those
jobs, and cleaner emission cement. And as a result, they estimate
we would import the cement and it would be 400,000 tons more per
year of emissions globally. So, as I sort through these policies, we
don’t want to do that.

And in fact, a lot of the mercury pollution we get on the West
Coast I am told originates from Chinese manufacturing.

So, how do we work through these trade-exposed policies, espe-
cially on cement? Dr. Gregory, can you comment on that?

Dr. GREGORY. Yes, sure. I mean China makes more cement than
the rest of the world combined. Right? And so the U.S. manufactur-
ers two percent of the world’s amount of cement.

Mr. WALDEN. And—what are standards? Is there a graph of
standards here for cement emissions?

Dr. GREGORY. There very much is a range. And as many of the
other panelists here have mentioned, you know trade leakage is a
really significant concern if we shift the standards that we are
using to produce cement here today.

I think, just like we also heard, the power of—the purchasing
power that Government has, whether that is at the Federal, or the
State level

Mr. WALDEN. Right.

Dr. GREGORY [continuing]. Or even municipal levels

Mr. WALDEN. Right.

Dr. GREGORY [continuing]. Oregon is one of the states that is
really looking at the concrete that it produces. What is the quality
of it? And I think whether it is efforts going on in the City of Port-
land or in the State of Oregon to look at that, that is a great place
to start to ask producers, local producers, where did you get this.
What was the quality of it?

Mr. WALDEN. Right.

Dr. GREGORY. What was the environmental footprint of it? And
ask for that. And have that start out. Producers will

Mr. WALDEN. But do we have data on the amount of emissions
from Chinese manufacturing or some other country—I am not just
picking on China here—versus U.S. manufacturing for the same
products? Is there a place where consumers can go and see that?

Dr. GREGORY. Yes, we do have some high-level numbers on over-
all Chinese emissions. What is a little bit different is getting data
from individual plants, where there can be significant variation.
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The types of cement that they make are a little bit different than
what we make in the U.S.

Mr. WALDEN. Right.

Dr. GREGORY. So it is not quite an apples to apples comparison.

Mr. WALDEN. Right. Right.

Dr. GREGORY. And so that ends up being a little bit

Mr. WALDEN. Because any consumer power is really powerful.

Dr. GREGORY. Absolutely.

Mr. WALDEN. And disclosure, and information, and we were just
talking about your comment, Dr. Friedmann, maybe Mr. Walsh,
this information is not even available for some.

I know my time has expired, Mr. Chairman. Thank you.

And again, thank you all for your participation in this.

Mr. TONKO. The gentleman yields back.

The Chair now recognizes Mr. Pallone, full committee chair, for
5 minutes to ask questions, please.

The CHAIRMAN. Thank you Chairman Tonko. And let me thank
all the witnesses for your testimony and assistance in developing
policy solutions to achieve 100 percent clean economy, while keep-
ing and increasing good jobs here at home.

But I want to—I don’t have a question for Mr. Eisenberg but I
did want to particularly thank him and the National Association of
Manufacturers for your very constructive testimony. Thanks so
much.

Mr. EISENBERG. Thank you. It is my pleasure.

The CHAIRMAN. It wanted to start on the topic of jobs. And Mr.
Walsh, you testified, and I quote, that if done right, federal climate
policy can help not just maintain but grow American competitive-
ness in the global economy.

So let me ask you what would be the number one thing you think
we should do now to position American manufacturing to lead and
produce low-carbon products, if you will?

Mr. WALsSH. Well, I think we need to start by recognizing where
we have already done that, right, where we have increased U.S.
manufacturing competitiveness, while also reducing emissions. One
of those sectors, of course, is the automotive sector, right, through
a combination of very careful fuel economy standards, coupled with
manufacturing policy. We have a whole generation of autoworkers
that are making a high-efficiency, in some cases, zero-emission ve-
h%)clesdnot only for markets in the United States but for markets
abroad.

The challenge is more—I think the bigger challenge in front of
us is the energy-intensive commodities manufacturers that I talked
about in my testimony and that several other witnesses have spo-
ken to. We are going to need to do a whole lot of things at the same
time.

I have already talked about industrial energy efficiency. I want
to emphasize high-temperature heat and the importance of finding
low- and zero- emission alternatives. I mentioned some of the excit-
ing innovations going on in Europe and a few other parts of the
world. We need the same thing here. In order to get it, we are
going to need a whole set of policies that range from making sure
that manufacturers have access to affordable capital, to technical
assistance, to consistent and smart regulatory and tax policy.
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The CHAIRMAN. Thank you, Mr. Walsh.

I wanted to move to carbon capture. When we talk about the U
in CCUS, people often think of enhanced oil recovery as the default
way to utilize captured CO2 but, as we know, there are many other
potential uses for captured CO2, including in the type of product
that Dr. Sant is developing at UCLA.

So I just wanted to pose this question to three of you, to Dr.
Sant, Dr. Friedmann, and Mr. Perciasepe: What are some of the
more novel uses for captured CO2 and how can those uses be devel-
oped, both economically and at scale?

And let’s begin with Dr. Sant and then we will go to the other
two, if you would.

Dr. SANT. Thank you. That is a very important question. So you
know when we started to work on this, and I think I will speak
to the context more generally, is we really wanted to look at mar-
kets where you can use a substantial quantity of CO2, which is
why we started to look at concrete as an example because it is a
large market globally. It is also a carbon-intensive commodity. So
being able to rationalize its carbon footprint is important.

There are other things that you can produce, some of them which
are competitively large, some of which are smaller. So you could
produce liquid fuels as an example. You could also produce things
like formic acid.

I think the question around utilization is extremely significant
because first, to point out, it is highly unlikely we will ever use
anything more than 10 to 15 percent of global emissions to be able
to produce product. So it is not a pathway for carbon management,
relatively speaking. However, it is an important revenue genera-
tion pathway to undertake in the short- to medium-term to be able
to create utilization solutions. However, I think we need to be very
pragmatic and analytical about utilization solutions to make sure
that the life cycle analysis does actually demonstrate that you are
using more CO2 in the utilization step than you make. And I think
this is something that we often lose sight of but I think this is
something we need to be critically focused on.

So as an example, speaking for ourselves, it is something that we
have taken into great account as we have looked at developing ce-
mentation solutions based around CO2. But I think this is a senti-
ment that really requires standards and bases of analysis to be
able to actually effect utilization properly.

The CHAIRMAN. I think I am going to run out of time but I said
Dr. Friedmann next. So, we will go to him.

Dr. FRIEDMANN. I will be brief.

Along the lines of what Dr. Sant just said, you can’t balance the
climate books on utilization. There is just not enough tons to put
places but you can get a couple of gigatons. And the markets where
you can get a couple of gigatons start with cement and aggregates.
The next big market is fuels and chemicals. I have written three
reports on this. I am happy to send them to you all.

The CHAIRMAN. Doctor—I mean Mr. Perciasepe.

Mr. PERCIASEPE. Some people do call me doctor every once in a
while.

The CHAIRMAN. That is all right. Maybe you are. I don’t know.
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Mr. PERCIASEPE. I would concur with Julio that building mate-
rials and fuels are the most likely to be at scale but you asked for
some of the interesting things.

Well you know there is complex materials like carbon fibers and
nanotubes. There are agricultural products, including fertilizers.
There is a number of things that people are working on all across
the board but those two are the most likely for at-scale that we
need in the near-term.

The CHAIRMAN. Thank you.

Thank you, Mr. Chairman.

Mr. ToNKO. The gentleman yields back.

The Chair now recognizes the Representative from Washington
State, Representative Rodgers, for 5 minutes, please.

Mrs. RODGERS. Thank you, Mr. Chairman. And I, too, want to
thank all of the panel for being here today. I appreciate your lead-
ership, your commitment to making our economy more efficient,
more sustainable. It is essential.

As others have highlighted, the U.S. already leads the world in
reducing emissions, in developing new and innovative technologies
to increase efficiencies and reduce waste. As plan for the best way
forward for a clean energy future, we must ensure that we do not
harm our competitiveness in an increasingly global economy. It is
really free market innovations that have made the U.S. a leader in
both emissions reduction and technological solutions, such as car-
bon capture.

Unnecessary burdensome regulations will only succeed in
hamstringing our manufacturing economy. And we are celebrating
right now 500,000 new jobs, new manufacturing jobs in America.
We do not want to be forcing these jobs overseas to countries like
China and India, who account for a disproportionate share of global
emissions. From my perspective, we should be encouraging new in-
novations and technologies that can increase efficiencies and de-
crease emissions.

You know in my home State of Washington, emissions have in-
creased six percent since 2012 and this is despite Governor Inslee’s
increased mandates and regulations on our energy and industrials.
By developing and exporting new processes and new technologies
to the developing world, we can continue to lead the world in emis-
sions reductions and remain competitive in the global economy.

Innovation is the key to combatting climate change, growing the
economy, and raising the standard of living in our communities.

Mr. Eisenberg, I would like to discuss the central role of global
competitiveness when we develop these industrial emissions poli-
cies, from past experience as a parent, that there is a tremendous
risk to our ability to make and do things in America, if policy-
makers impose unnecessary cost on industrial processes and the
energy used in those processes.

Would you just share with us from your perspective what we can
be doing as policymakers to make it less expensive and more effi-
cient for manufacturers and industry to innovate, rapidly deploy,
and eventually export new products?

Mr. EISENBERG. Thank you for the question. And I really appre-
ciate, frankly, everybody’s commitment to manufacturing here. I
mean it is so encouraging to hear everybody talk about how impor-
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tant manufacturing is in your districts into the future. We obvi-
ously feel that very, very strongly. That is why I took this job.

There is a number of things in the climate space and in the emis-
sions space that I think would really work here, especially in the
near-term. It starts with—and a lot of them are in my testimony.
I will quickly run through a bunch of them.

First things first. There is a bill called the Clean Industrial Tech-
nology Act that came out of the Science Committee and I believe
has dual jurisdiction here. It would create, basically, a program at
DOE that would have sort of long-term advanced focus on
decarbonization of the industrial manufacturing sector. That is one
way to really get us out there doing this kind of work with the Gov-
ernment and with the labs in making it happen. Ratify the Kigali
Amendment or enact legislation that will get you there, that will
reduce serious tonnage and keep us competitive on the greenhouse
gas side.

Scale up energy efficiency. Scale up energy efficiency. This is
something that I think we are all saying. My counterpart Jason
said it best. This is where we really need to focus on the math and
give us the tools to install that stuff with the right payback period.
Full and complete expensing in the Tax Reform Bill made a big dif-
ference to a couple of my manufacturing companies. It gave them
the opportunity to change the math and allowed them to put in
things like CHP and some of those newer technologies to let them
be more efficient, the permitting process, the work you are doing
on NSR, reauthorizing Title 41 of the Fast Act. There is plenty
more I can get into but these are all kinds of things that we think
would be bipartisan strong measures that we can do right now that
would help keep manufacturing competitive while reducing our
emissions.

Mrs. RODGERS. Great. In the time I have left, Dr. Gregory, I
wanted to ask if you would just elaborate more on the promise of
carbon capture and just what is your understanding as far as what
other countries are doing related to carbon capture.

Dr. GREGORY. Sure. Yes, carbon capture for cement plants is a
little bit different than it is for other types of industrial sectors be-
cause we have these two sources of emissions; one set associated
with generating energy for the kilns that operate at over 2500 de-
grees Fahrenheit and another set that comes from the process of
making the cement itself.

So there are pilot plants that exist, that I know of at least, in
Canada, and in Germany, and I believe one in China, as well,
where they are testing these out but they only occur when there
is a significant decision to be able to invest in those things. And
basically, a lot of them are very small scale in order to pilot them
but in order—it is a fixed cost on top of the production of cement.
So in order to really accelerate that there needs to be additional
incentives or investment in order for that happen.

Mrs. RODGERS. OK. Thank you for that. I have run out of time.

But I think we also should be promoting those policies that are
going to encourage carbon capture. I yield back.

Mr. ToNKO. Thank you. The gentle lady yields back.
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The Chair now recognizes the chair—vice chair of the full com-
mittee, Representative from New York, Representative Clarke, for
5 minutes.

Ms. CLARKE. I thank our Chairman, Mr. Tonko, and our Ranking
Member Shimkus for convening this important hearing on how we
can protect our environment from industrial emissions and increase
American competitiveness in the global economy.

We have heard already today greenhouse gas emissions from the
industrial sector holds a major challenge to tackling the climate
crisis. When you include the energy that industrial facilities pur-
chase from the electricity grid, the industrial sector as a whole is
actually the single largest source of greenhouse gas emissions in
the United States, larger than each of the buildings and transpor-
tation sectors and these emissions are growing. While the emis-
sions from the other sectors of our economy are projected to de-
crease or stay relatively flat, industrial sector emissions are actu-
ally projected to continue increasing over the next 30 years.

But there is good news, too. Many solutions already exist to re-
duce emissions from certain industrial sources today. And where
the solutions don’t yet exist, there is still significant room for inno-
vation. Therefore, as we strive towards a 100 percent clean econ-
omy by the year 2050, it is important that we continue to think
openly and critically about the challenges, so that we in Congress
can create the right policies and programs to foster innovation, re-
duce pollution, and help the U.S. industrial sector lead the world
towards a low-carbon future.

My first question is to Mr. Walsh. There are some who would
continue to put forward a false narrative that we must choose be-
tween the environment and our economy. However, those of us who
have studied this know that the opposite is true. By cleaning our
economy, we can also increase the competitiveness of our manufac-
turers on the global stage.

Could you please talk a little bit more about the global market-
place for industrial goods and about the demand for products that
are made under cleaner industrial—excuse me—environmental
standards. Just how far behind is the U.S. in this regard and what
will happen if we do not catch up?

Mr. WALSH. Thank you for that important questions, Congress-
woman. Yes, let’s talk a little bit about global competitiveness.

I think what we need to recognize is that the rest of the world
is already moving in terms of their industrial processes and the
policies and investments that support it in a low- and zero-carbon
direction.

We are actually lagging behind. There are various ways in which
we are doing that. Certainly, the fact that we have withdrawn from
the Paris Agreement, or in the process of doing that, the only na-
tion in the world that is, is a significant signal. But as you pointed
out, this is not just an issue of equity. It is also an issue of competi-
tiveness.

So we want workers in the United States to be building the prod-
ucts that we know are going to be demanded around the rest of the
world, whether that is low-carbon steel or high-efficiency light
weight vehicles, or even appliances that have gasses in them with
low global warming potential. We have talked mostly about indus-
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trial sector emissions. We have talked less about the way in which
the industrial sector, if we decarbonize it, can lower embedded
emissions in the products that we sell to the rest of the world as
well and that includes a range of things from automobiles to appli-
ances, to you name it.

So you know when we talk about global competitiveness, I think
your question is really on point because we need to be talking
about where this world is going, where markets are going, and
where we are falling behind.

Ms. CLARKE. Dr. Friedmann, I saw you somewhat nodding and
pointing. Did you want to add to that?

Dr. FRIEDMANN. Yes, absolutely. This is a key question that al-
ways comes up is well, how do we think about China and what
makes sense because they are a huge source of industrial emis-
sions.

We have to have a better product to sell. We have to have a bet-
ter technology to sell. We have to have better manufacturing to de-
liver those. So we actually have to invest in the innovation. We
have to build plants and we have to do things like protect the
workers in those sites for things like a procurement standard, or
a border tariff, or some international partnership. And that is actu-
ally how we can drive down emissions in the rest of the world, as
well as in the United States.

Ms. CLARKE. As we clean our economy and make our companies
more competitive on this global stage, it is extremely important
that we create good-paying jobs, especially in low-income, black,
and Latinx communities, who continue to suffer most greatly from
environmental pollution and economic inequality.

Mr. Walsh, can you ensure, as we work towards a clean economy,
that investments are also made into good-paying domestic jobs and
that new pathways are created to bring more young people of color
into our future of industrial and manufacturing workforce?

Mr. WALSH. Yes, let’s start by acknowledging that generations of
economic and racial injustice have disproportionately exposed com-
munities of color and low-income communities to pollution, and as
well to climate threat.

So they need to be at the front of the line for new opportunities
as we build new products and reconfigure our manufacturing sec-
tor. I think there are some very intentional ways in which we can
do that. In the construction industry, we have seen models that in-
volve community workforce agreements, community benefit agree-
ments, which include local hiring pathways for folks in those com-
munities into the jobs that are being created. We are beginning to
see some of that in the industrial sector in automobiles, in par-
ticular. I think we need to see more of it.

We also need to be constantly paying attention to the issue of en-
vironmental justice. Right? So let’s also talk about the importance
of regulation. Right? Let’s talk about the importance of making
sure industrial plants don’t blow up which, of course, not only kills
or injures workers, it also kills and injures people who live on
fenceline communities.

So we need to be weighing both of those.

Ms. CLARKE. Thank you very much.

Mr. Chairman, I yield back.
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Mr. ToNKO. The gentle lady yields back.

The Chair now recognizes the Representative from West Vir-
ginia, Representative McKinley for 5 minutes, please.

Mr. McKINLEY. Thank you, Mr. Chairman.

Dr. Gregory, I am probably the only one on this panel who has
ever written a specification for concrete. I have been writing con-
crete specs or been involved in it since 1965. And one of the things
that pointed out was the fight we had, the contradiction where peo-
ple wanted to use fly ash as a hazardous material, would not allow
it to be used in concrete. Without a doubt, I think you would say
we want to continue to use fly ash in concrete.

Dr. GREGORY. Yes. Yes, absolutely.

Mr. McCKINLEY. So we were able to prevail on that. There was
quite a fight on that.

But I want to learn from the rest of the panel here on this. I
think this concept of being able to get down to zero emissions, it
can be achieved. It is going to be very expensive to do that but we
can achieve that. But the concern I have is we are addressing
America. We are not addressing our competitors.

And we know that Gina McCarthy would come before this panel
in years past and she would say, yes, we can do these things. We
can lower emissions in America but it won’t really make any dif-
ference. She said she recognized that what it was going to do to the
whole greenhouse gas problem of the globe but she said we are try-
ing to get people to—we are going to lead and the other nations are
going to follow.

But it was John Maxwell that said a leader has no followers is
merely a man taking a walk. And I am afraid what has happened
here in America is we are just taking a walk. We are not getting
other nations to follow.

Look at greenhouse emissions over the last 16 years. In America,
those emissions, and several of you testified, that America is al-
ready voluntarily reducing its emissions by 16 and I think,
Eisenberg, you might have even said 21 percent.

We are already making those reductions. But in the meantime,
India has increased its emissions by 235 percent and China by 290
percent. They are not following what we are doing. We are putting
ourselves at disadvantage.

So what I would like to hear from you is why should we expect
any other nation to follow our lead? Why are they going to put
themselves at a competitive disadvantage by us making that reduc-
tion? Why are they going to adopt that?

Can any of you—Eisenberg, do you want to share on that?

Mr. EISENBERG. So we agree with that sentiment wholeheartedly
and that is specifically why we have called for us to reengage on
the international scale and get a real good agreement in place that
is fair and equitable. And we will make sure that we are not put-
ting ourselves at a disadvantage. It has got to be the backbone of
our climate policy.

Mr. McKINLEY. But how? Don’t go 30,000 feet with me. How do
we get it? Is it in a trade policy or what are we going to do to get
other nations to adopt so we are on a level playing field? Because
I am afraid what is going to happen is more and more of our com-
panies, the industrial companies are going to locate or essentially
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go offshore and outsource their CO2 emissions because it is going
to be cheaper to operate someplace else.

Mr. EISENBERG. I mean I think there is a very real concern here
and that is why—I mean it is 30,000-foot because we haven’t really
gone there but we made a lot of progress last time when we en-
gaged internationally. There is more to be made.

We really need to get this right and there is a lot of different
ways to go about it.

Mr. McKINLEY. Give us a policy. How do we adopt—what is a
policy that would allow us to be competitive—excuse me—that
would force other nations to adopt a standard that we all are pro-
ducing it under those little missions?

I see your hand up. I just wanted Eisenberg to finish his thought
because I wanted something more specific, not 30,000 feet.

Mr. EI1SENBERG. No, I appreciate that. I won’t take too long.

So all countries have to, including all of the major emitters have
to agree to reductions. Right? And there can’t be this inequity of
some countries basically getting a free pass until 2030, 2040, 2050,
while we impose stuff on ourselves. It has got to be enforceable. It
has got to be transparent. It has to be pro-trade. It has to be inno-
vative. It has to be enforceable by the WTO. I mean these are all
things that we are going to need to make sure that that leakage
doesn’t happen and that we stay competitive.

Aluminum is a good example, right? So

Mr. McKINLEY. Go ahead. You seem to have drifted up to 30,000
feet again. I want to hear specifics.

Dr. FRIEDMANN. I have got three discrete policies that can do the
job.

Mr. McKINLEY. OK.

Dr. FRIEDMANN. So those are in my testimony. One of them is
a border tariff. This is a topic which is extremely difficult, ex-
tremely dangerous, and extremely fraught. I don’t say that lightly.
But it is an option.

If we had a border carbon adjustment, that would protect U.S.
workers in U.S. industries, as long as we decarbonized, and it
would advantage us compared to some of those other countries. If
they wanted to sell to us, they would have to hit that standard.

Second option, something basic like the Montreal Protocol, where
you have a sectoral group working together. We have multiple
countries coming together and they all set a standard for emissions
for steel. You do that with the EU. You do that with Canada. You
do that with Mexico, the United States, you get a bunch of coun-
tries together. At that point, they create a market that those other
countries can’t sell into. Japan, Korea, China, India, they can’t
enter those markets if they don’t hit that standard. So you can ei-
ther go alone or you can go together.

The third thing is you can just be better. You can just have a
better product and that is a combination of procurement and inno-
vation.

Mr. McKINLEY. OK, thank you. And Dr. Friedmann, I do hope
you come back. You seem to be colorful in your presentation. I like
your passion.
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Mr. FRIEDMANN. I told Chairman Tonko that when I was in gov-
ernment, I hated testifying. Now that I am out of government, I
love testifying.

Mr. McKINLEY. It is a sickness.

I yield back.

Mr. ToNKO. We are just so happy you are having fun.

The gentleman yields back.

The Chair now recognizes the gentleman from California, Rep-
resentative Peters for 5 minutes, please.

Mr. PETERS. Thank you, Mr. Chairman. It has been a fascinating
hearing. Emissions from industrial sectors account for over a third
of global carbon emissions and just steel, cement, and basic chemi-
cals account for a little more than over half that total.

To me, it sounds like we have got sort of three general chal-
lenges. One is an infrastructure challenge. What is the infrastruc-
ture that needs to be built out to accommodate these changes? Sec-
ond, what would a standard look like, a carbon standard that we
would measure against? And third, what are the incentives we
could get for industry to adopt these things, given that we have
very low margin businesses and we have international competition?

Dr. Friedmann, I am going to go you first, at the risk—the one
thing we have noticed is, as happy as you are, you are bad at the
clock. So I want you to briefly explain to me kind of—you talked
a little bit about how there is an advantage that some of these
things were located together. There is an implication about infra-
structure in that. I would like you to follow-up on what pipeline
and transport infrastructure might look like and why that is impor-
tant to carbon capture and utilization.

Dr. FRIEDMANN. Thank you. I am guilty as charged.

As my testimony says, a massive important option to exercise is
building CCUS infrastructure.

Mr. PETERS. What does that mean?

Dr. FRIEDMANN. That is mostly pipelines. Just as one example,
though, 28 percent of the U.S. emissions come from Texas and Lou-
isiana in the Gulf Coast, all around those petrochemical facilities.
You could get about a third of those emissions, maybe half of them,
if you had a pipeline that connected them together and good dedi-
cated storage sites.

Mr. PETERS. So carbon dioxide pipelines—CO2 pipelines.

Dr. FRIEDMANN. CO2 pipelines.

There are other things you can do. Hydrogen pipelines are inevi-
table. We are going to build those someday. We should think about
it. If we want to electrify these things, we are going to have to add
high-voltage transmission lines into these facilities, which don’t
exist today, necessarily, or may not have the capacity. But the big
lever is CCUS and that means the big lever is CO2 pipelines.

Mr. PETERS. OK, good.

Let me ask about incentives, what a carbon standard would look
like. Dr. Sant, you talked a little bit about that. What would be the
metric you are talking about? How would we measure success in
this area?

Dr. SANT. So I think there are a couple of ways to do it but I
think we really want to look at what is the amount of carbon that
is emitted over the course of production of any given material or
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product that we want to consider. You could consider it for some-
thing like cement. You could do it for something like steel.

Mr. PETERS. Would it be per unit? Would it be carbon per unit
of cement?

Dr. SANT. Per unit mass, as an example, per pound, per ton, per
kilograms, choose as you may.

And the reason that a ranking system of this sort becomes useful
is then you can start to take lots of different which are produced,
for example, in different places, in different locations, not only in
the U.S. but internationally. And then set criteria on what your
minimum for, as an example, purchasing might be.

So if you are a private buyer versus the Government that decides
to implement a procurement standard, you can actually start to say
we will only buy a product if it is at or below a particular carbon
efficiency standard. And that turns into a really powerful way of
forcing both the public and the private sector to act.

Mr. PETERS. OK, good. Thanks.

And then finally I did—you know, I would like 15 minutes to talk
about all these things but I just wanted to touch on what incen-
tives would look like. We talked about incentives for business to
adopt this.

Why is Germany doing this, Mr. Eisenberg? Is there a profit in
this at some level? What would it be that we would have to do to
get businesses to want to invest in this?

Mr. EISENBERG. So it is tough to compare the U.S. and Germany
for a couple reasons. One is, obviously, the fuel sources available
to us. I mean we have tremendous energy from all kinds of dif-
ferent sources. And so it needs to be a technology discussion first
and foremost, rather than you know I mean they don’t have all of
the natural gas that we have and things of that nature.

But certainly, they have a very top-down approach. They passed
a

Mr. PETERS. Well, forget about them because we don’t want
them, but what is it about? What should we be doing, as Congress,
to incentivize American businesses to make these investments?

Mr. EISENBERG. So we absolutely believe incentives to work. You
know they are not the only way to get there but——

Mr. PETERS. What do you mean by incentives?

Mr. EISENBERG. So——

Mr. PETERS. Because they can be carrots or sticks.

Mr. EISENBERG. So carrots, obviously, would be preferential.
Right? There is—you look over time at the different carrots that
have kind of worked in the energy space, in terms of electric vehi-
cles, in terms of carbon capture, in terms of different types of en-
ergy sources. They do make a difference and they help bridge that
gap towards commercialization. They are not the only way to do it.
They are a big deal.

Certainly in the energy efficiency space, I think that is really one
that, especially in the industrial sector, that we need to focus on.
Because at the end of the day, so much of that, as much as and
everybody is saying like 50 percent could come from industrial en-
ergy efficiency deployment.

Mr. PETERS. I get that.

Mr. EISENBERG. And so changing that math so that——
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Mr. PETERS. I have got to write language that says this is an in-
centive to get your business to invest.

Dr. Friedmann, do you have any ideas on what we might do, as
Congress, to incentivize these investments?

Dr. FRIEDMANN. First, create a procurement standard. Second,
exercise it. Period.

If the Army Corps of Engineers could buy low-carbon concrete
and were directed by Congress to do it, and the standard was writ-
ten by NIST and other experts like Dr. Gregory and Dr. Sant, then
it could just be done. Ninety percent of cement and concrete is
bought by governments.

In addition to that, just super quick, the cost for the finished
product goes up one percent. Even if you doubled the cost of con-
crete in the United States, the cost of a bridge goes up one percent.

Mr. PETERS. OK.

Dr. FRIEDMANN. So the actual cost to the taxpayer is relatively
light in terms of this but it gets U.S. companies doing stuff. It
incents them to have a better product. That is, I think, where we
want to go.

Mr. PETERS. OK, thank you.

My time has expired. Thank you, Mr. Chairman.

Mr. ToNKO. The gentleman yields back.

The Chair now recognizes the ranking member of the sub-
committee, Representative Shimkus, for 5 minutes.

Mr. SHIMKUS. Thank you, Mr. Chairman. I apologize for being
absent. I was in another meeting that I had to attend.

But let me go to Mr. Walsh first. As he knows, U.S. Steel Granite
City Works was idled in December 2015 due, in part, to pressure
from Chinese steel dumping. In January 2017, part of the facility
reopened, bringing back about 730 United Steel Workers to the
plant. My grandfather worked in this steel mill years ago.

In March 2018, President Trump announced he would impose
tariffs after the U.S. Department of Commerce Section 232 inves-
tigation and U.S. Steel announced it would reopen the blast fur-
naces at Granite City and ramp up production soon after.

Over Labor Day this year, workers at the facility were even talk-
ing about mandatory overtime. That is good. Regardless of whether
one approves of the President’s approach to trade or not, nobody
can deny that cheap Chinese steel produced under lower environ-
mental standards is a threat to our workers and the climate.

If we impose additional cost on domestic steel production, what
do you think would happen to the workers at Granite City?

Mr. WALSH. If it is done well and smartly, which we have been
talking about, so in a context where we might be looking at dif-
ferent policies doing something around border adjustments, it could
be a win-win.

If it is done badly, of course, we offshore jobs.

Mr. SHIMKUS. Thank you.

Mr. WALSH. There is I think on this full panel absolutely no sup-
port for the idea of offshoring U.S. manufacturing jobs.

Mr. SHIMKUS. Right. No and I think that is a major point. We
have got to be careful in this debate that we don’t offshore these
jobs or lower environmental conditions and for workers. So, I ap-
preciate that.
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And we would—I mean based upon your answer, you also kind
of alluded to this. If we offshore these steel worker jobs and the
plants, what would be the net environmental impact?

Mr. WaLsH. Bad. Bad because it would be offshored to countries
that have lower labor standards and environmental standards.

Mr. SHIMKUS. Thank you. Exactly.

Mr. Eisenberg, thanks for being here. For 20 years I have been
talking about new source review. You had mentioned it in your tes-
timony. That is low-hanging fruit, I would say. Why don’t we go
there?

Mr. EISENBERG. I have been asking the same question. In fact,
I testified on it a couple of years ago and asked the same question.
This seems like an easy one, right?

You know this has been a barrier, both real and perceived, to the
installation of equipment that would be more efficient and would
reduce pollution at the manufacturing shop floor. Fixing this pro-
gram, to cure both the real and the perceived impacts of this would
do a lot. And it is just one of the many things that will help us
get those things into the line. We think it is so important.

Mr. SHIMKUS. Yes, and for my colleagues, the basic premise is,
correct me if I am wrong, you have clean air standards. You main-
tain those clean air standards, so the boilers and emissions are al-
ready under the Clean Air Act. You replace a generator with a
more efficient generator. No effect. The emissions are still the same
but because of the rules and regs, we have to totally re-permit that
facility. So, there is an example of something I believe I wish we
would have done years ago.

Mr. EISENBERG. And it opens the door to a much broader look at
the facilities, and the processes, and everything else. And so it is
just—it is operated as a barrier. When you are kind of working it
out and you have to meet deadlines and things like that, more
often than not, you are just not going to do it. And that is unfortu-
nate. We need to make sure that they will do those things.

Mr. SHIMKUS. And would you agree, I think the 45Q, what we
passed last Congress, that its helpful? I mean the last Congress
did. So that is a tax incentive. So that is a positive thing that we
have done.

Mr. EISENBERG. Yes.

Mr. SHIMKUS. And then we have not totally finalized it yet, but
we are working through the process, it is in the NDA Conference
Report—Dr. Friedmann, you are shaking your head—the USE IT
Act. Would that be good, and helpful, and low-hanging fruit?

Dr. FRIEDMANN. 45Q immensely important. Passing the USE IT
Act would definitely be helpful. Will it actually capture the CO2
from the steel plant? No. The incentives are not large enough. You
actually need more on top of that if you really want to go after the
emissions. Those are necessary and useful but not sufficient.

Mr. SHIMKUS. Right. Anyone else?

Mr. PERCIASEPE. I just want to add on the 45Q that any encour-
agement the committee could provide to the Internal Revenue Serv-
ice to get the rules done so that we can actually implement it, that
would be great.

Mr. SHIMKUS. Good. Great.
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Dr. SANT. So maybe the one comment to add, you know one of
the things that we want to think about is incentives and ap-
proaches that really help with ground-up innovation with entrepre-
neurship. So there is lots that we are doing. We were talking about
large manufacturing facilities that are owned by large corporations
but, fundamentally, U.S. success started with entrepreneurship
that went ground-up.

And I think what is not really incentivized sufficiently at this
point is this ground-up innovation and I think there would be tre-
mendous, tremendous value to trying to do that. And it is some-
thing that we don’t hear spoken about a lot. And in many ways,
we count on the venture capital community to do it but, as you can
imagine, these are not sectors in which the venture capital commu-
nity, as an example, substantially invest because long time hori-
zons, lower return on investment, hard problems, regulations. You
know you want to think about the problem a little bit more holis-
tically than sort of thinking about really what can only large cor-
porations do but what can small innovators do.

Mr. SHIMKUS. Thank you. My time has expired. I need to plagia-
rize Bill Gates a little bit more every now and then. I sound smart-
er that way.

I yield back.

Mr. ToNKO. The gentleman yields back.

The Chair now recognizes the gentle lady from Delaware, Rep-
resentative Lisa Blunt Rochester, for 5 minutes.

Ms. BLUNT ROCHESTER. Thank you, Mr. Chairman and thank
you to Ranking Member Tomkus [sic]l—Shimkus for holding today’s
hearing.

This is actually a phenomenal—sorry I called you Tomkus. I see.
I see. It is a combination. You are one and I think it is representa-
tive of today’s hearing.

I have heard some real consistency, which is phenomenal. I also
have heard some very consequential things that we can do for our
country. So this is a very important hearing and I want to thank
our witnesses.

As you all acknowledged, decarbonizing the industrial sector is a
challenge but that is exactly why we are here today, to confront
those challenges to climate action head-on and to find innovative
solutions to overcome them. And in my home State of Delaware,
companies are looking for ways to do just that, as was mentioned
earlier.

Several of the country’s largest chemical companies are based in
my State and these companies recognize the need to do the hard
work of reducing our carbon footprint. I want to make sure that
these companies have the tools they need to reverse that trend and
to lead the world in reducing emissions from chemical production.

I am going to start my first question with Dr. Sant. I know that
you also recognized how climate action can create economic oppor-
tunities, especially the early stage innovators. And I was really
glad that you focused on that ground-up innovation. In your testi-
mony, you described the importance of supporting entrepreneurs
and researchers who are developing creative solutions for indus-
trial decarbonization.
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As Congress considers legislative options to reduce emissions
from industry, how can we ensure that policy helps early stage
innovators like you and are there certain tools that we at the fed-
eral level can provide that would help overcome some of the pri-
mary barriers to research development and deployment?

Dr. SANT. So a couple of comments. I think the first high-level
comment is really regulative certainty. I think having guidance re-
garding where the Government is going to go is super helpful.

The second part, procurement standards. Again, super helpful
because they give you targets of what you really want to fulfill.

The third thing to point out is, in some ways, this is a space in
which there is a little bit of a gap between very early stage re-
search and sort of commercial full maturity application. And so I
think we need quite a bit more funding to sort of flesh out the
gaps.

As T say, in one role as a university professor, you know there
are programs that you can go to. Of course, they need to be quickly
expanded, potentially by an order of magnitudes and by substantial
amounts of money. But that kind of support exists and we have a
mechanism for putting it into place.

I think where we don’t have as much support is being able to
translate technologies from that very early stage. There is some-
thing that industry can actually start to look at, take on, and do
something useful with. And I think that is something that we real-
ly need to work on fleshing out.

Ms. BLUNT ROCHESTER. One of the solutions that I am looking
at that would include a revolving loan fund that would provide cap-
ital for energy efficiency upgrades. Would that be helpful to early
stage innovators?

Dr. SANT. My first guess is probably not because early stage
innovators don’t have a need for funds of that sort. It is also the
same reason why you can’t really explore a tax credit.

Ms. BLUNT ROCHESTER. Right.

Dr. SANT. I think what you need for this very early stage innova-
tion is actually direct grants, direct support that actually helps to
get things off the ground.

Ms. BLUNT ROCHESTER. Great. Thank you.

And Mr. Perciasepe, in your testimony you discuss some of the
ways that chemical manufacturers are developing more environ-
mentally friendly chemical production—chemicals production. Can
you please elaborate on the opportunities for low-carbon chemicals
production in the United States?

Mr. PERCIASEPE. There are a lot of chemicals that are made and,
in many cases, there are no greenhouse gas emissions from those
chemical reactions but sometimes there are.

And so almost every chemical company, DowDuPont, for in-
stance, are looking at those. What kind of catalysts they use in the
reaction where you have this chemical and this chemical and you
put it through some catalytic reaction or some heated reaction to
create the third chemical. I am being very simplistic here. My or-
ganic chemistry is failing me.

And I mentioned one in particular, polypropylene, that was being
looked at for reducing the emissions that are coming from it by
using different kinds of reactors. And this is all kind of green
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chemistry and innovation. And it is the area of, I think, the great-
est challenge but also the greatest opportunity in the industrial
sector.

I mean we look at the carbon capture. We know we get these
emissions. Let’s capture it. We need to do that. We need to inno-
vate on that. And we know that the electricity and the heat, we
have to find ways to do that in a different way or capture that. But
the chemical processes, whether it is making—taking

Ms. BLUNT ROCHESTER. I only have 5 seconds left.

Mr. PERCIASEPE. I am sorry.

Ms. BLUNT ROCHESTER. Friedmann, you have got three seconds.

Dr. FRIEDMANN. University of Delaware has a world-leading pro-
gram on turning CO2 into chemicals and plastics. For them to get
funding the way that Dr. Sant needs it, there is two bills in front
of Congress now, the CITA Act and the EFFECT Act. Both of those
would create authorities within the Department of Energy, hun-
dreds of millions of dollars to fund that kind of work.

Ms. BLUNT ROCHESTER. Fantastic. Thank you so much.

And I yield back.

Mr. ToNKoO. The gentle lady yields back.

The Chair now recognizes the very patient Representative Long
for 5 minutes.

Mr. LONG. Thank you, Mr. Chairman.

And my friend, Ranking Member Shimkus, has been quoting Bill
Gates all morning and I am sitting here thinking about Jed
Clampett and his cement pond. That is the difference between Mis-
souri and Illinois.

Dr. Gregory, in your testimony, you referenced the use of alter-
native fuels as an easy way to reduce emissions in the cement pro-
duction process. In the United States, only 15 percent of fuel comes
from these alternative sources, compared to the more than double
that in the European Union.

Can you explain why these alternative fuel sources would reduce
emissions?

Dr. GREGORY. Yes. Basically, the use of alternative fuels goes
back to that heating the kiln that I mentioned, over 2500 degrees
Fahrenheit. Usually, we use fossil fuels, coal, and in some cases,
natural gas because we need it to get that hot. The alternative
fuels are often biomass or waste materials, like scrapped tires, and
essentially those are the types of alternative fuels. The limitations
usually are about concerns about clean air but, as you mentioned,
in other countries they use significantly more because the type of
incineration that is done in those can still generate that energy
from the waste materials, while maintaining clean air.

Mr. LONG. Thank you, kindly.

Then to my next question: How does federal policy discourage the
use of these fuels and how could environmental laws be reformed
to promote their use?

Dr. GREGORY. It is exactly that, trying to amend acts like the
Clean Air Act and also RCRA to basically better allow for increased
use of these alternative fuels in cement plants.

Mr. LONG. And in your opinion, is this the easiest way to reduce
carbon emissions in the cement industry? And how much of a re-
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duction of carbon emissions would we see if the amount of alter-
native fuels we use rises to the level of the EU?

Dr. GREGORY. This is one of the low-hanging fruits. We can defi-
nitely get increased emissions reductions associated with these al-
ternative fuels. Like I said, at a global level, there has been some
estimates that we can increase reductions by about ten percent,
and so which is definitely significant and something that we should
go after.

Mr. LoONG. There would be a ten percent reduction in carbon
emissions?

Dr. GREGORY. Yes. Yes. Yes, carbon emissions.

Mr. LoNG. Mr. Eisenberg, your testimony references the need to
modernize the electric grid and make use of smart grid tech-
nologies. More broadly speaking, how do the new digital tech-
nologies drive innovation and lower greenhouse gas emissions and
can this be achieved without new government regulation?

Mr. EISENBERG. So there is a lot of new technologies out there.
The grid, which was traditionally a one-way thing, a one-way high-
way, right, from the power plant to the end user, it is now becom-
ing much more of a two-way street, where we have things like de-
mand response and a lot of these new technologies that allow the
user and—the user to become a producer, and you can have things
like microgrids, and things like that that really change it.

You know there is a lot of ideas, some that involve government
involvement, some that involve the private sector. I don’t know
whether there is one perfect approach here but it has unquestion-
able greenhouse gas emissions reductions benefits.

DOE found that you could eliminate 277 million at 359 million
tons of CO2 per year by upgrading this grid and allowing those
new technologies the access that they need.

Mr. LoNG. OK. Unless anyone else needs my time, I will yield
back.

Mr. ToNKO. The gentleman yields back.

The Chair now recognizes the gentleman from Florida, Rep-
resentative Soto for 5 minutes, please.

Mr. SoTo. Thank you, Mr. Chairman.

You know I want to talk about sorting out fact from fiction here.
You know we have heard a lot of comments today. First, the facts
that climate change is, in part at least, human-caused and it is an
existential threat to humanity. Another fact is that our chairman
has set out a goal of getting to net zero-carbon dioxide emissions
by 2050.

In addition, another fact is that we are going to have hearings
from the fall through early winter to develop a plan by the end of
2019. I thank all of you here, as our panelists, to help us with that.

And another fact, we are open to all of the above strategy on this
ambitious net zero-carbon dioxide goal by 2050.

Some fictions: That this committee is not prepared to work to de-
velop bipartisan solutions. Another fiction is that we have already
ruled out nuclear or carbon capture. These are things that we are
prepared to work together on.

Many of you have said that innovation is key. So I would like to
know, by a show of hands: How many of you believe the Trump ad-
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ministration’s elimination of California’s fuel emission standards
hurts innovation by a show of hands?

So there is many ways we could do that. I know that is not ex-
actly manufacturing, although obviously auto manufacturing is a
big part of our manufacturing base.

I would like to start with Mr. Eisenberg. You know we have had
some staff information point out that in 2015 the Department of
Energy estimated that adopting high-efficiency technologies could
reduce energy consumption in the industrial sector by as much as
32 percent by 2025. They gave some ideas: One, installing ad-
vanced motor systems, high-efficiency boilers, and smart manufac-
turing; and two, using combined heat and power systems.

Could these technologies, and others, assist in getting us to a 32
percent reduction?

Mr. EISENBERG. They absolutely could. They can be effective. We
have just got to get the math right, and make sure that manufac-
turers have the incentives and really the opportunities to put them
in place, and have the payback be good.

Mr. Soto. Thank you.

And for Dr. Sant and Dr. Gregory, it would be great to hear. Our
staff has mentioned that by switching to low-carbon fuel stocks and
feedstocks, such as the electrifying industrial process could reduce
both direct and indirect emissions by switching to hydrogen or bio-
masses of fuel or feedstock, for the industries that you all are
studying—oh, and as well—yes, excuse me. For the industries you
all are studying, is that feasible going forward as part of a plan for
20507

Dr. SANT. So a couple of comments to point out. In general,
switching to alternative fuels is beneficial but it is not trivial be-
cause, in many ways, it requires changes around how we actually
handle solid waste and how we actually categorize solid waste prior
to combustion. That is comment number one.

The second comment that goes with it is a lot of the process that
we look at, which withstand, as Julio put it some time ago, trying
to burn and melt rock, it is not terribly trivial to switch processes
from a fossil fuel source to a renewable source. It is not out of the
question but we are not close to doing it.

That being the case, running a cement kiln electrically is not
trivial because you are trying to produce 10,000 tons of cement a
day.

Mr. Soto. Dr. Friedmann——

Dr. SANT. Oh.

Mr. SoTo. Last sentence, then, I have got to switch.

Dr. SANT. I think when we think about these things, we want to
take an economy-wide perspective to how we actually manage car-
bon. It is not sufficient to just look at heat, or power, or a single
process.

I will close with that, sir.

Mr. Soto. Thank you.

Dr. Gregory.

Dr. GREGORY. Yes. Yes, I wholeheartedly concur. To get to that
2500 degrees Fahrenheit, you really right now have to do it with
fossil fuels. There is our people looking at how you can do that
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through electrification but it is not employed anywhere in the
world because it is so difficult.

So alternative fuels are sort of a short-term step that can be used
until that type of technology or the hydrogen technology can be em-
ployed.

Mr. SoTr0. And Dr. Friedmann, I know there was a discussion
here among our staff about that carbon capture utilization storage
may be a more cost-effective way in some subsectors for, they ref-
erence, ammonium production to get the biggest reduction as
quickly as possible for CO2 emissions. Would you agree with that?

Dr. FRIEDMANN. A hundred percent.

Mr. Soto. And lastly, for Mr. Walsh, you know we saw a decline
in jobs in steel in the *70s and ’80s because we didn’t embrace new
technologies. Is this a juncture where embracing new technologies
will actually make us more competitive over the next 10 to 20
years?

Mr. WALSH. Yes, in addition to avoiding bad trade policy.

Mr. Soto. Thanks so much.

I yield my time back.

Ms. BARRAGAN. [presiding]. The gentleman yields back.

The Chair recognizes Mr. Mullin for 5 minutes to ask questions.

Mr. MULLIN. Thank you, Madam Chair, and thank you to our
witnesses for being here.

I want to circle real quick to the follow-up with trying to gen-
erate 2500 degrees with electricity. Have we even ran the numbers
of how much that would take, what kind of power we are talking
about here, Mr. Gregory—or Dr. Gregory, if you want to answer
that?

Dr. GREGORY. Yes. There are people who have done sort of theo-
retical studies on how this could be done.

Mr. MULLIN. So they have measured like how many kilowatts
this is going to take?

Dr. GREGORY. Yes and I don’t know it off the top of my head and
I can definitely get you those numbers on those studies but it
is

Mr. MULLIN. Well, I kind of figured we would have to start with
that because we would have to figure out is it feasible when we
start talking about how many furnaces we are going to be heating.

Dr. GREGORY. It is a question of economics.

Mr. MULLIN. Is it even—I mean when you start talking about
wind power and solar power, how are you going to generate that?
How much is that going to take off the electrical grid to be able
to do that? I don’t—I am just a country boy from Oklahoma but I
have sure worked with a lot of boilers. I have my boilers license
and I have installed a ton of them. I just don’t think it is feasible.
I just don’t know how you get there.

Dr. GREGORY. In the short-term, it isn’t and that is why it is not
being adopted.

Mr. MULLIN. Well, already to take all the fossil fuels off our grid,
according to the studies that we have already seen, it would take
a wind farm the size Texas to replace it. Is that correct?

Dr. GREGORY. I haven’t seen that specific one but it is—it is a
lot of electricity.
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Mr. MULLIN. It is a lot. And now you are going to be adding ev-
erything else on to it. I just—and we are not even factoring in heat-
ing our boilers up to 2500 degrees with electricity.

I mean we all want clean air and clean water but we have got
to do it in an economic-responsible way, too.

With that being said, we are talking about a lot, Dr. Gregory,
talking about cement plants. And we know that we have moved to
roughly 15 percent of our plants now are using natural gas instead
of coal because coal has been the main source for a long time. I am
not against coal. I am truly all of the above energy, as long as we
do it in a clean way.

What is prohibiting the rest of them to move to natural gas? Is
it the accessibility? Is it the price? I mean natural gas is pretty
cheap right now. What is it that is prohibiting the other plants
from moving?

Dr. GREGORY. Both of those; having access to natural gas and
then also just the investments associated with it.

Mr. MULLIN. Access, meaning just to the pipelines?

Dr. GREGORY. Like getting natural gas to the plant.

Mr. MULLIN. And so it is the pipelines.

Dr. GREGORY. Yes, absolutely.

Mr. MULLIN. The permitting process.

Dr. GREGORY. Yes.

Mr. MULLIN. Because there is a lot of areas around the country
right now they would love to be able to sell their gas.

Dr. GREGORY. Yes.

Mr. MULLIN. But without the infrastructure to do so, this would
be very difficult.

And I think you mentioned a while ago that we, just by switch-
ing from coal to natural gas, you are going to affect roughly ten
percent of our—I mean a reduction of ten percent of the CO2 emis-
sions. Is that what I remember you saying or am I

Dr. GREGORY. I was talking about different alternative fuels that
can be used——

Mr. MULLIN. OK.

Dr. GREGORY [continuing]. Like the scrapped tires and things
like that. I would expect that it would be a similar order of mag-
nitude in terms of——

Mr. MULLIN. So how does that work? I heard you mention
scrapped tires. So how does that work? I mean I have seen a few
tires burn, and maybe on brush piles, or something like that once
or twice in my life, and they are pretty black when they are burn-
ing. So how do you make that clean if you can’t make coal clean?

Dr. GREGORY. It helps that you burn at 2500 degrees. Basically,
that takes care of a lot of bad stuff when you are burning it that
high.

Mr. MULLIN. But you have got to get it to 2500 degrees first,
right?

Dr. GREGORY. You do and that is why you don’t see any cement
plant that is doing 100 percent scrapped tires. Right?

Mr. MULLIN. It is kind of tough.

Dr. GREGORY. And in the U.S. there is a maximum of about 15
percent. In Europe, it is about 35 percent maximum.
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Mr. MULLIN. So you have got to get it to 2500 degrees before you
throw the first tire on it, right?

Dr. GREGORY. Absolutely, yes.

Mr. MULLIN. So that would take a fossil fuel of some sort.

Dr. GREGORY. Yes. Yes.

Mr. MULLIN. And once again, I am not opposed to clean energy
at all. I am just saying it is feasible. It is fun that we put out these
goals of 2050 and we want to knock the President for saying guys,
we are not listening to California; they don’t set the standard for
the rest of the world. And we can say yes, it is going to cut innova-
tion. That is an easy question because it does, when you have Cali-
fornia go out there and make these emissions, it does force people
to start getting there. But if it is not feasible, if the technology is
not there, the regulation can’t outrun the technology. It is not there
yet.

And I know we want to incentivize them to do it but we do. We
incentivize by creating an environment for them to do that. We
don’t do that by regulating businesses out of business along the
way.

Dr. GREGORY. Absolutely.

Mr. MULLIN. With that, I will yield back.

Thank you guys so much.

Ms. BARRAGAN. The gentleman yields back.

The Chair now recognizes Ms. Schakowsky for 5 minutes to ask
questions.

Ms. SCHAKOWSKY. So I have to tell you my heart is pounding
over this very high-level conversation because I am not hearing the
sense of urgency about this.

You know the United States of America has known about climate
change since the Johnson administration. And I am hearing about
incentives and I am hearing about making progress but we are
really and truly running out of time.

There is a 16-year-old that is over at the Supreme Court right
now, Greta Thunberg, who some know from Sweden, who made an
important address to the United Nations and is now leading young
people. She is 16 years old. A lawsuit, the Juliana suit, that says
that young—this is 21 young people who are suing the Government
of the United States of America for knowing about climate change
and doing nothing about it.

Now I just heard from my colleague saying well, if we don’t pro-
vide these incentives—Ilook, carbon emissions went up worldwide.
They went up in the United States of America. We are not making
progress. We are actually going backwards. And it is shameful that
we are not sensing what young people are feeling, which is the
sense of urgency.

So I do have some questions. So we have been hearing for dec-
ades this issue, Mr. Walsh, this false claim that somehow tackling
climate change will be a job-killer. We are hearing it today.

As someone who has worked closely with unions all your life,
how would you respond to that argument?

Mr. WALSH. Well, I think it is a strawman. I think we can both
create quality jobs and preserve a livable planet at the same time.

And what we have been talking about today—and by the way, we
share your sense of urgency, which is why it is so important to be
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focused on the industrial sector now because the lifespan of a lot
of this capital equipment is so long.

But we can do both. This is not a false choice but we need smart
policy. We need to support strong innovation. And we need to de-
ploy. We have talked a lot about innovation but, at the end of the
day, we are going to have commercialize these technologies.

Ms. SCHAKOWSKY. OK but you know what? My sense of innova-
tion is when there is regulation, industry responds and finds a way
to do it.

And I would like to ask you, Mr. Friedmann—Dr. Friedmann, is
it? Have you not talked about a carbon tax?

Dr. FRIEDMANN. I have not talked about a carbon tax. Part of the
reason why is because there aren’t actually carbon tax. Our anal-
ysis shows that it is helpful. It is in my testimony it is helpful but,
actually, this sector is insensitive to a lot of carbon tax regulation.

If you actually had a $50 a ton carbon tax, it wouldn’t be enough
to actually decrease the emissions from these facilities.

Ms. SCHAKOWSKY. So it would be helpful?

Dr. FRIEDMANN. Probably with some stuff, like the efficiency bits,
you probably get. But even a substantial, a high carbon tax is only
one part of the solution set that you need.

Ms. SCHAKOWSKY. So what are some of the other parts?

Dr. FRIEDMANN. Well, if you want urgency, I have spent the last
20 years of my career trying to keep CO2 emissions out of the air
and oceans. We have this technology said today that works. It is
called carbon capture storage. The best place in the country to do
it is Texas. The second best place in the country to do it is Illinois.
In fact, you can capture the CO2 for those facilities and put them
underground.

We already have a beginning with the tax incentives but we ac-
tually need things like pipelines to take the CO2 from the Great
Lakes District and move them down to Central Illinois, where you
can store the CO2.

We actually know everything we need to know about this, except
for how to get financed.

Ms. SCHAKOWSKY. So——

Dr. FRIEDMANN. And that is actually where we think policy will
be most important.

Ms. SCHAKOWSKY. I mean it just seems to me that this idea of
we somehow have to woo industry, at long last, to do what they
need to do to come up with innovation is a too late strategy. The
time has come for us to take incredibly strong action.

Does anyone else want to comment on that?

Mr. PERCIASEPE. Well first of all, you are correct. But one thing
I do want to point out to the committee is many of us on this panel
have been to many hearings about what do with electricity, what
to do with automobiles and transportation. This is the first time I
have ever come before the United States Congress to talk about
this very complicated issue of this remaining amount of emissions
in the industrial sector that are very complicated.

Now we get those other two going with different kinds of electric
vehicles. We know how to decarbonize electricity with nuclear, and
carbon capture, and renewable energy but this sector is something
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that hasn’t been talked about enough and I appreciate the fact that
we are doing it.

It is not urgent enough to just talk about it but it, to me, it is
a move in the right direction for the United States Congress to
even have a hearing on this particular issue.

Ms. SCHAKOWSKY. Well it is a pathetically small effort and I am
for it. And I appreciate all of you being here today but the talk is
not going to solve the problem. And any of the ideas that you have
that we have heard today could be very useful.

Thank you and I yield back.

Ms. BARRAGAN. The gentlewoman yields back.

AThe Chair recognizes Mr. Flores for 5 minutes of questions.

Mr. FLORES. Thank you, Madam Chair. And I want to thank the
leaders of this subcommittee for hosting this hearing today.

As I mentioned during our last hearing in July, we haven’t al-
ways celebrated how the U.S. is leading in terms of emission reduc-
tions. And to correct the record from the last person who was ask-
ing questions, the EI has recently put out their forecast that carbon
emissions in the U.S. are going to decline again in 2019. So we are
making progress in this regard but it has been through innovation
and market forces that have gotten this done, not government
mandates or taxes. Innovation is the greatest contributor to our
emissions reductions, which have been significant.

As we continue to dramatically reduce our emissions, the U.S.
has been able to retain the world’s largest, and fastest growing
economy, and a significant creator of jobs and economic oppor-
tunity. So instead of new taxes or mandates to decarbonize in some
sort of a chaotic fashion, our climate policy should adapt on things
that work, like innovation, conservation, adaptation, and resiliency.
Unleashing these innovations at home will continue to ensure that
not only do we maintain economic growth balanced with a healthy
environment, but more importantly, we can export these tech-
nologies, and as we are leading the can-do spirit to contribute to
growing energy demand in developing countries abroad.

And today, I am glad we are talking about the industrial sector.
This is a sector which is responsible for numerous modern conven-
iences, from the roads we drive on, to the buildings we live and
work in, down to fertilizers that farmers use to feed families
around the world. This sector, however, faces unique challenges, as
almost all of you laid out in your testimony and I want to thank
you for sharing those with us today.

Now for our questions. Dr. Gregory, are there any technologies
currently under development, which would greatly reduce or elimi-
nate emissions from Portland Cement—the Portland cement manu-
facturing process?

Dr. GREGORY. Yes, there is basically four different ways that you
can lower emissions from cement production. One is through CCUS
that we have discussed. Another is through the use of blended ce-
ments, which are kind of a lower carbon alternative of cement. A
third is the use of alternative fuels. And the last is increasing the
energy efficiency within the cement plants.

Mr. FLORES. What would the—this is a little bit of an abstract
question but what would the Green New Deal do to U.S. cement
manufacturing and jobs?
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Dr. GREGORY. You know, at least for me, that is a little bit of a
hard question to ask because I think there is a lot of large or high-
level ideas but it is hard to know exactly how that is implemented.
There is kind of different ways in which it could go.

It is certainly, like Mr. Walsh mentioned, that it certainly is pos-
sible, I think, to create more jobs associated with green materials
but it has to be done in a way such that we ensure that the stand-
ards associated with those materials really can be done in this
country, right, and it doesn’t lead to leakage that happens in other
countries where they don’t have those same standards.

Mr. FLORES. Well, I think it is safe to assume that a dramatic
increase in energy prices or a curtailment of energy availability
would dramatically cause the export of our cement manufacturing
to overseas locations.

Dr. GREGORY. It is certainly one potential option but it, as we
have heard, you know a lot of concrete is actually purchased by
governments. And so that is certainly one way to start out is to
make sure those governments make decisions that are consistent
with our values.

Mr. FLORES. And continuing with you, Dr. Gregory, you men-
tioned the fact that concrete and other industrial processes have
the need for high-temperature heats sustained over long periods of
time. There have been—we have talked conceptually here about
electrifying that process, which I think is a good direction to go.
The challenge is where does the electricity come from. What pro-
duces the electrons?

And so Mr. McNerney from California and I introduced a bill
that passed the House last week to create new fuels for next-gen-
eration reactors because, at the end of the day, nuclear energy is
the only zero-carbon, zero emissions source of baseload power that
we have. You can’t get it from wind. You can’t get it from solar.

So would this be promising technology to pursue to accelerate the
decarbonization of the industrial sector?

Dr. GREGORY. Yes, I actually happen to work very closely with
colleagues at MIT in the Nuclear Science and Engineering Depart-
ment, who just published a Future of Nuclear Report that speaks
exactly to this potential.

One of the things we have talked about is basically how today’s
nuclear energy is not your parents’——

Mr. FLORES. Exactly.

Dr. GREGORY. —or grandparents’ nuclear energy. There are a lot
of opportunities to do it in a much more innovative fashion using
small modular reactors where, basically, the price is a primary
focus, making sure that price of nuclear is competitive with other
energy sources.

Mr. FLORES. Right.

Dr. GREGORY. So it is a significant opportunity.

Mr. FLORES. I would like to supplementarily ask you or to ask
you to supplementarily respond with a question about what are the
challenges to get wind and solar to do the same thing that we could
do with next-generation nuclear.

And so that gives me a second to ask one final question. Are
there other ways to sequester carbon, to sink carbon, other than
CCUS. And that is open for the panel.
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So Mister—I can’t pronounce your name.

Mr. PERCIASEPE. That is all right. If they could just put Bob up
there, you would be OK.

Mr. FLORES. Bob. OK.

Mr. PERCIASEPE. Well I think there are a lot of different ways to
capture the carbon. Sometimes you can change the process—the
carbon dioxide. Sometimes you can change the actual process of
like running a turbine so that the exhaust that comes out is actu-
ally relatively pure carbon dioxide, so you don’t need to have some
chemical process to capture it. And then what you do with it can
be sequestration in the geology. We have been using it for en-
hanced oil recovery to reuse old oil wells.

Mr. FLORES. Right.

Mr. PERCIASEPE. And there are many—you know we talked ear-
lier about building materials and actually using it to make fuels.

Mr. FLORES. Dr. Gregory, and try to keep your answer short, if
you can.

Dr. GREGORY. Sure.

Mr. FLORES. I am at the forbearance of the chair here.

Dr. GREGORY. Absolutely. We have heard several options for tak-
ing carbon and putting it back into building materials. Binders are
actually only like ten percent of concrete. Aggregates are much
heavier and present, actually, a larger source of opportunity to
store carbon that can be used in asphalt, and concrete, and all
kinds of things.

Mr. FLORES. OK.

Ms. BARRAGAN. The gentleman’s time has expired. The gen-
tleman yields back.

Mr. FLORES. Thank you.

Ms. BARRAGAN.

The Chair now recognizes the gentleman from California, Mr.
McNerney for 5 minutes of questions.

Mr. McNERNEY. I thank the Chair. I am going to thank the
panel. Your testimony has been very informative and I appreciate
that. There is an effort that goes into this.

And we hear a lot about innovation but, Dr. Friedmann, would
you say that innovation and regulation go hand-in-hand?

Dr. FRIEDMANN. Before I answer that question, as a proud citizen
of Livermore, California, I have been a long-time fan of yours, Con-
gressman.

Mr. McNERNEY. Well, thank you.

[Laughter.]

Mr. MCNERNEY. I want my time back. Go ahead.

Dr. FRIEDMANN. That is between me and my spin doctor.

It is often helpful to have a combination of carrots and sticks.
Part of the reason that I am enthusiastic about procurement is that
it provides a market signal that drives the innovation. Part of the
reason that I am enthusiastic about things like the EFFECT Act,
and CITA, and increased appropriations for national labs, and for
universities is because that stimulates that kind of innovation.

I think if you try to make it just regulatory, it is harder to get
that innovation out but, sometimes when well-crafted and well-ex-
ercised regulation can provide the appropriate focus to drive new
innovators to new ideas.
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Mr. McNERNEY. Thank you. Well, in a highly competitive global
marketplace, it is essential that we view any policies from a global
perspective. The last thing we want to do is see American jobs ship
overseas and increase in carbon emissions. Some of the countries
seem to be able to manage that balance.

Mr. Walsh and Dr. Sant, can you have recommendations on stuff
to craft American policy to make that balance between emissions
and jobs?

Dr. SANT. Sure. So I think two comments. The first one, I think,
really going after the carbon efficiency standards is an important
thing to go after. In effect, it lets you do more with less. It is ex-
actly what we do with energy efficiency, as an example, and I think
that is something that we have to follow.

I think that the second comment is something which Julio
touched on not very long ago is really border data adjustments. I
think the moment you signal globally that it doesn’t matter where
you produce but if you bring a product into the U.S. and sell it in
the U.S. market, there is a natural adjustment that happens that
is based upon a U.S. standard. This is the easiest way to get rid
of any sort of complexity that comes from where a product is pur-
chased.

Because I think it is clear that in the world of today, material
flaws are interlinked and that means that where you sell should
determine the rules you play with.

Mr. MCNERNEY. Thank you.

Mr. WaLsH. I want to echo what Dr. Sant said about border ad-
justments. We talked about procurement and the purchasing power
of the Federal Government. I just want to be specific that we have
an example from your State of California, Julio’s State of Cali-
fornia, it is called Buy Clean. It is using the purchasing power of
the State government on infrastructure projects to identify the
global warming potential of structural steel and some other basic
building blocks of infrastructure projects in the State. That is a
model that we can build on and use in other States but, most im-
portantly for the purposes of this conversation, at the federal level
as well.

Mr. McNERNEY. Thank you. Doctor, you said something that in-
trigued me, that we need more performance-based specifications
than prescriptive specifications. Could you talk about that a little
bit?

Dr. GREGORY. Sure, yes. Usually, when concrete is specified by
engineers, including perhaps Mr. McKinley who is no longer here,
but basically they are very specific about like the amount of cement
that needs to be used. We are actually usually putting limits on
what we call supplementary cementitious materials, like fly ash
from coal-fired power plants or slag from seal. And they limit those
because of concerns that exist, maybe at one point, about durability
or the performance of the concrete.

It turns out a lot of those prescriptive specifications that are very
specific, a lot of people don’t remember why they were put in place,
so they don’t have justification for them. So instead of saying here
is exactly how you make the concrete, say this is what we are look-
ing for in terms of strength, durability, stiffness, et cetera, and
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t}ﬁen require a test to basically demonstrate that you can meet
those.

And that is exactly the type of thing that I think if you imple-
ment like a Buy Clean Act, you need those types of things to go
hand-in-hand with it because not all concrete is the same. Different
mixtures are different.

Mr. MCNERNEY. Very good. Thank you.

Mr. Perciasepe, I appreciate your comments about trade expo-
sure. I think that has sort of been fleshed out a little bit here, the
trade adjustments but we need to have standards in the United
States before we can start imposing trade adjustments, border ad-
justments. Wouldn’t that be the case?

Mr. PERCIASEPE. Yes. Obviously, you would be trying to protect
you know some exposed part of the industrial sector and this is
where most of it comes. When you do climate policy, it is going to
be in the industrial sector. It has to actually have a requirement
that may, and I want to point out that it is always possible some
of these process we are talking about could reduce the cost of mak-
ing some of these things.

But if it is a trade exposed, then it does have unique increased
costs and there is an importation of products that are not meeting
those standards. That is where you put the border adjustment on
so that you—I am being very simplistic here. It can get very com-
plicated very quickly.

Mr. MCNERNEY. In a 5-minute thing, you don’t have time to be
more than simplistic. Thank you.

I yield back.

Ms. BARRAGAN. The gentleman yields back.

I see nobody on this side.

The Chair recognizes the gentlewoman from California, Ms. Mat-
sui for 5 minutes to ask questions.

Ms. Matsul. Thank you very much, Madam Chair, and I thank
the witnesses for being here with us today so we can discuss op-
tions in what is considered to be one of the most difficult sectors
of our country to decarbonize.

While decarbonizing the industrial sector may seem daunting, I
look at policies and initiatives championed in my State of Cali-
fornia and take hope in that the State has paved the way and we
all know that proposing and testing out solutions that are already
making a difference in emissions and how industries are designing
their operations.

As you may know, the State of California has, for the past nine
years, under the Low Carbon Fuel Standard, which sets an average
carbon content for fuels to decline annually. One of the leading con-
tributors of emissions in the industrial sector, petroleum refineries,
is a regulated party under the LCFS. The LCFS has been success-
ful in incentivizing refiners to switch operations to produce biofuels
and other alternative fuels and has introduced and expanded the
use of cleaner alternatives for fuel consumption.

Mr. Perciasepe or Dr. Sant, can you describe the benefits in
terms of emissions reduction we see in expanded use of low-carbon
or zero-carbon fuels in the industrial sector?

Mr. PERCIASEPE. Well, in the industrial sector, unlike some of the
transportation fuels
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Ms. MATSUIL Right.

Mr. PERCIASEPE [continuing]. In California, there is a lot of op-
portunity. I mean we were talking about the extremes earlier of
2500 degrees

Ms. MATsUI Right.

Mr. PERCIASEPE [continuing]. Which is very hot, warm even. But
there are lots of thermal needs in industry that are a lot less tem-
peratures that can be converted to electricity, as an alternative to
using a fossil fuel.

Ms. MATSUL Sure.

Mr. PERCIASEPE. And if the electricity is coming from a
decarbonized electric system, then you have got the impact.

So it is like many things we deal with in these complicated
issues. It is never binary. It is neither this or that.

Ms. MATsUIL Right.

Mr. PERCIASEPE. But the extremely high temperatures, we have
to find alternative ways to do it——

Ms. MATSUI Sure.

Mr. PERCIASEPE [continuing]. That we are not quite sure yet. But
the lower temperature—the lower heat temperature

Ms. MATsul. We have already got options.

Mr. PERCIASEPE [continuing]. We got ideas.

Ms. MaTsul. OK, great.

How important do you think nationwide price on carbon, such as
cap and trade, is to reduce the emissions from the industrial sector,
Dr. Sant or

Dr. SANT. I think it is fundamentally important. I think it is
something that we have to be able to do, to have a nationally-
agreed upon price.

The reason I say this is you know a couple of comments. Of
course, California has been tremendously progressive. We have
done some remarkable things and we continue to do so.

I think looking nationwide, you want to have consistency. And so
you don’t want to again have, like I say, two sets of standards——

Ms. MATsUI Right.

Dr. SANT [continuing]. One for California and ones for elsewhere.
And so having consistency in pricing helps industry plan for what
they are going to do across the nation.

Ms. MATSUL So you think it is economically feasible for the in-
dustrial sector across the country to do this more broadly, is what
you would like to see.

Dr. SANT. In principle, it is, absolutely. No question. It is also
where the world is headed. So I think it behooves us to do it.

That being the case, I think we need to be thoughtful about how
we approach it.

Ms. MATsulL. OK. Cleaning up our industrial sector means adopt-
ing, as we said, all of the above approach, including considerations
to how our Federal Government sources materials for buildings, in-
frastructure, and government equipment. This is all the more time-
ly, as conversations around a robust infrastructure package con-
tinue.

California has passed and begun implementing the Buy Clean
California Act, which requires the State to take into account the
supplier’s emissions performance when contracting byproducts,
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such as steel, flat glass, and mineral wool for infrastructure prod-
ucts.

Dr. Friedmann, you mentioned in your testimony the importance
of procurement standards in decarbonizing our industrial sector.
What percent of cement, concrete, and steel is bought by our Fed-
eral Government?

Dr. FRIEDMANN. If you look at all governments, federal, state,
and local governments, they buy 90 percent of cement and concrete.

Ms. MaTsul. Wow. OK.

You allude to a well-designed zero-emissions by clean standard.
Can you expand on what well-designed means? What consider-
ations should be taken when developing such a standard?

Dr. FRIEDMANN. First, as others have testified, we actually need
to create a performance-based standard for the stuff. If, in Cali-
fornia, Caltrans can’t buy clean concrete and cement because they
are required by law to buy Portland Cement.

Ms. MATsUI. Right.

Dr. FRIEDMANN. So until they exercise their performance-based
standard, they can’t do it. Caltrans has been working it for a while
but that is like step one. It can’t enter the market until that is
done.

Step 2, life cycle analysis. This is something both Dr. Gregory
and Dr. Sant have also mentioned. You have to really make sure
that you are doing the job and that you are tall enough to go on
that ride.

Ms. MaTtsul. OK.

Dr. FRIEDMANN. And then third, you actually have to buy it. And
I have advocated for a while sort of a ratchet which grows. So you
start with a fairly small volume—one percent, two percent.

Ms. MATSUL Yes.

Dr. FRIEDMANN. You have groups like the National Academy or
NIST work to try to figure out what that is but then you increase
ambition over time. By 2025, it may be two percent but by 2030,
it may be twenty percent. And you do that based on how the manu-
facturers can deliver the stuff. You don’t ask for more than they
can make but you set a market signal and you drive it up.

Ms. MaTsul. OK, fine. Thank you very much.

And I have already run out of time. So thank you very much. I
yield back.

Ms. BARRAGAN. The gentlewoman yields back.

The Chair recognizes Mr. Ruiz from California for 5 minutes to
ask questions.

Mr. Ruiz. Thank you for holding this hearing on this important
topic and thank you to our panel for being here today.

Our world is sick, showing symptoms of climate change that can
lead to disastrous consequences for human food, security, water
consumption, and safety from extreme natural disasters. I care
deeply about climate change because I have seen the human toll,
the suffering that will only get worse as people who lose their
homes and their loved ones from wildfires. And the people who are
most vulnerable are those who are not rich enough to move or
build another more secure home elsewhere.
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This week, climate activists around the world will be making
their mark to raise the alarm and demand climate justice for every-
one. And I agree with that sentiment and their efforts.

Sixteen-year-old Greta Thunberg has picked the consciousness of
an entire planet and pushed a call to action. And this committee
must answer that call to action with real policies that lead to real
changes to reduce our dependency on fossil fuels through a clean
economy for a clean environment. We must do it for my twin
daughters, for our children, our grandchildren, and their children,
for our public’s health, and our nation’s security.

And we are already witnessing and living the negative effects of
climate change in increasingly more dramatic ways. For example,
in my district, in California’s 36th District, drought has crippled
our water supply for years. Increased heat and dryer environments
have led to more intense and frequent wild fires in our mountain
forests. Extreme rains have led to expensive infrastructure damage
requiring federal disaster aid, even Joshua Trees. At our beloved
Joshua Tree National Park, the iconic symbol of desert life may go
extinct due to rising temperatures.

America, California especially has been a leader in replacing
harmful fossil fuels by pioneering new technologies that harness
natural resources, including wind, solar, and hydrogen for every-
thing from homes to transportation. For example, some SunLine
Transit in my district uses buses that run on clean hydrogen.
Homes and schools are powered by wind farms and solar panels
that use nature’s awesome power without threatening our ozone.

Clean energy is the future, the antidote to climate change that
we must work towards as a country. A clean energy future is at-
tainable and essential and the time for talking is over. The time
for action is now.

One sector that plays a key role in reducing carbon emissions is
heavy industry. Steel, concrete, and other materials are literally
the foundation of buildings and roads, and they essential to our
economic success. So how can we reduce the carbon output of the
manufacturing sector, while protecting good-paying jobs? Well, we
must develop and deploy new technologies that help the manufac-
turing sector further reduce their carbon footprint.

This is where the value of international agreements comes in. We
must hold other countries accountable through international cli-
mate agreements. This is why withdrawing from the Paris Agree-
ment hurts our efforts to reduce climate change. This is why the
U.N. Summit on Climate is such an important opportunity. With-
out a global agreement, other countries will continue to burn fossil
fuels without any obligation to invest in new technologies. In fact,
we have heard from several of you today on how other countries,
like those in the Southeast Asia, are increasing their coal and fossil
fuel emissions. We have also discussed how we can ensure that
American companies don’t lose out while making an effort to re-
duce emissions.

With that in mind, I would like to dig further into how we estab-
lish that advantage for U.S. companies.

Dr. Friedmann, given that our goal is to help the industrial sec-
tor achieve a competitive advantage, what is the best way for Gov-
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ernment, academic research institutions, and industry to work to-
gether?

Dr. FRIEDMANN. As I said in my testimony, procurements, inno-
vation, infrastructure investments. We need to actually have a gov-
ernment analytical function so that we can make sense out all this
stuff. But if you want to even just find facts on these topics, it is
hard to do.

And then last, we actually do need to have international agree-
ments and partnerships on this exact topic because this is all
bound into international trade.

Mr. Ruiz. Dr. Gregory, as an expert, you have watched these
technologies evolved. What is the best way to make sure that newly
dev‘?loped technologies are deployed in a timely and efficient man-
ner?

Dr. GREGORY. It has to—there has to be market demand for
them. And one of the best ways to do that is through procurement
policies because there is so much government purchasing of con-
crete.

Having said that, we need to make sure that the engineers are
also interested in specifying these low-carbon materials. So we
need to ask for their performance and also for their carbon foot-
print as well.

Mr. Ruiz. Thank you.

Ms. BARRAGAN. The gentleman yields back.

The Chair now recognizes myself for 5 minutes to ask questions.

First of all, I thank the witnesses for being here today. I want
to thank you, Mr. Walsh, for your testimony about bringing up the
issue of frontline communities, and communities of color who are
disproportionately impacted by the pollution that is happening and
by what we are seeing happening on climate.

I happen to represent one of those districts. It is a district that
includes the Port of Los Angeles in South L.A. It is about almost
90 percent Latino-African American. It is a district where it is low
income. It is minority. There is industry there. There is manufac-
turing and, of course, the port. And on top of all that, we are sur-
rounded by three freeways.

And so when you talk about air pollution and you talk about neg-
ative health impacts, my communities are often seen with inhalers
around their necks, and doctors’ offices pack these inhalers for the
children. It is heartbreaking to see.

And so we are seeing across the country a call, a demand for ac-
tion climate. In my own community, I see it day in and day out be-
cause of the health impacts and because of what is happening with
the planet.

And so one of the things that we have talked about today has
been very helpful talking about procurement and the different
ideas here. You touched a little bit about a just transition. And I
would like for you maybe to expand a little bit on that.

When drafting policy and legislation, what can we put in that to
make sure that we are not leaving communities behind, like my
district? And I think the second part of that is, and I think you
mentioned this as well, is that they should be first in line, and they
should get priorities, and if they don’t, they won’t be able to partici-
pate in a clean economy.
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Mr. Walsh?

Mr. WALSH. Thank you for that very important question and for
putting a really fine point on the fact that we are not just talking
about climate here. We are talking about health and health as it
affects particular communities.

I think with respect to just transition, we also need to acknowl-
edge that neither the impacts, in terms of environmental pollution
and climate change, are felt disproportionately by particular com-
munities and particular people.

There are also, as we transition away from certain fossil fuels,
like coal impacts, in that transition away in coal communities, for
example, that are not spread evenly across the country. They are
hitting eastern Kentucky or southern West Virginia.

So I think a first order of business is just being very clear about
where impacts are being felt and who is being impacted, and tar-
geting Federal investment, particularly in this respect, economic
and workforce investment, both to make sure that we are taking
care of workers and providing opportunities to workers to get into
new jobs created.

It is also about community revitalization and economic diver-
sification. You have to be very targeted about that as well. We
don’t always have the ability to target with broad scale federal pro-
grams. There are regionally-focused programs we used quite a bit,
like the Appalachian Regional Commission, to target investments.
I think we need to do a better job to get those investments to dis-
tricts like yours.

Ms. BARRAGAN. So one of the things I hear back, I get pushback
on, is well, that is great, we are going to train people for cleaner
jobs but then the jobs won’t be there.

Is that accurate? Is that the choice?

Mr. WALSH. I think we have to be careful about not over-prom-
ising anything. I certainly have been guilty in the past of probably
doing a little bit too much green jobs evangelism, even though I
think these are an important opportunity.

But we are more interested now in making sure we develop very
concrete pathways into those jobs. There are specific ways we know
work. We know registered apprenticeship programs work. We know
pre-apprenticeship programs that get folks from low-income com-
munities, and communities and workers who have been underrep-
resented, in the construction trades, as an example, into those reg-
istered apprenticeship programs, so that we are not just creating
jobs; we are creating career pathways and careers for those folks.

Ms. BARRAGAN. Thank you.

You know one of my colleagues earlier said that he was unclear
why we set goals and that you know when California sets goals and
standards that are different than the rest of the country, it is not
feasible for business.

I happen to disagree with that. I happen to think that when you
set goals, when you set bold and aggressive action and milestones,
it does force people to come up with innovation quicker. It forces
Congress to come up with incentives quicker.

In California, in particular, and especially today with what is
going on with the administration and the rollback on the fuel
standards in California, I think that we actually have the industry,
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the car industry saying don’t do this. And so to hear that it is not
feasible for industry, you actually have industry saying no, wait a
second; don’t roll these back.

And so I just wanted to take a moment to disagree on the record
and say that there are benefits. When you set goals, when you set
milestones, sometimes it gets Congress to act quicker. Sometimes
it gets companies and industry to act quicker.

In this instance, I think that seeing the positive benefit of what
is happening to the clean air and the cleanup of pollution in Cali-
fornia is happening.

Mr. Walsh, I can give you three seconds.

Mr. WALSH. I just wanted—you make an important point. I also
want to add a jobs point.

By the Federal agencies’ own analysis, not only when the current
administration proposes to roll back fuel economy standards, not
only are we having a pollution impact, we are actually losing jobs.
They estimate that 60,000 fewer jobs will result from their rollback
of fuel efficiency standards because we are investing in a whole set
of new technologies that create those jobs.

Ms. BARRAGAN. Thank you, Mr. Walsh.

And with that, I yield back.

The Chair recognizes the gentle lady from Michigan, Mrs. Din-
gell, for 5 minutes of questions.

Mrs. DINGELL. Thank you, Madam Chair.

A hundred percent clean economy by 2050 may be ambitious but
we have to get there. And since you both closed on the subject of
California, I think I will start there.

I am probably as angry as anybody at the announcement that
was made today by the President when every single car company
asked him not to do it. And he has rolled back. He has created un-
certainty. He is putting this in the courts for years to come. It is
taking capital away from investment needs to be done to get the
newer technologies.

I want to ask Mr. Perciasepe and Mr. Walsh: What is the ulti-
mate impact of the President’s decision today to revoke California’s
fuel emissions waiver as it relates to our efforts to reduce emis-
sions? I will start with Mr. Perciasepe and let Mr. Walsh go next.
Yes.

Mr. PERCIASEPE. So I think what you pointed out, Congress-
woman, that the automobile industry, by and large, wants to con-
tinue making the fuel-efficient cars that it has been making, my
expectation, at least in the near-term, is that they will continue to
do that, regardless of what the Federal Government does in the
current situation. And then while they continue to do that, on top
of that, there will be a lot of litigation.

But I think in the near-term, the long-term may be different but,
in the near-term, the automobile industry, as you well know, is
four years ahead of what we are doing. Right? What it is doing
now, it was working on four years ago. And what it is going to be
doing four years from now, it is working on now and it is not going
to stop.

Mrs. DINGELL. The industry is not going to stop but it could——

Mr. PERCIASEPE. The industry is not.



123

Mrs. DINGELL. I don’t want to answer my own question. I want
the experts to give us the answer.

Mr. PERCIASEPE. That is what I would guess.

Mrs. DINGELL. Mr. Walsh?

Mr. WALSH. BGA issues a report which found that clean car
standards and the consistency of those standards helped drive in-
vestment of over $63 billion in facilities across the country in 100
factories.

So to my earlier point, this is a jobs issue. When you see that
level in investment, you are also creating and sustaining auto-
motive jobs. When we take away that standard, when we create
regulatory uncertainty, we freeze investment and we lose jobs.

Mrs. DINGELL. So let me ask you this again, both of you: How
will instituting strong fuel economy standards, or what President
Obama was trying to do, help with year-to-year increases, help us
achieve that net zero that we are trying to get to by 2050? And is
permanent damage being done to that goal in the transportation
sector?

Mr. PERCIASEPE. Well, the concept behind the performance
standards over a period of time, and these standards only went to
2025

Mrs. DINGELL. That is correct.

Mr. PERCIASEPE [continuing]. So we need to be—we are into
2050. But to 2025, they kept reducing the average of emissions. It
is actually a performance standard, grams per mile of greenhouse
gases, even though we say CAFE. And so that declines over time
to a point where the translation was to somewhere near 50 miles
per gallon on average.

Now that has a significant reduction in those vehicles that are
sold in 2025 in the amount of greenhouse gases they produce on
an annual basis. But of course, this is all related to how many
miles somebody drives, and all this other stuff, but you are looking
at the average.

I think, as I just mentioned, and I believe, in the near-term, in
the next couple of years, the automobile industry will continue to
sell the kinds of cars that they were programmed to make.

Mrs. DINGELL. At least some of them are.

Mr. PERCIASEPE. Yes.

Mrs. DINGELL. Let me ask you—I am not going to have you an-
swer that question because I am down to a minute. What does this
do to the electric vehicle? Which I frequently get asked by some
young people why are you so focused on the electric vehicle.

Mr. Walsh, anybody who wants to answer this: Are we correct
the electric vehicle is key to getting to a carbonless, or a non-gaso-
line, or engines, other forms, there are other forms that are being
done? And are we doing enough in the transportation sector to get
to where we need to go, instead of—or do you think we are going
backwards instead of forward?

Mr. WALSH. Well, today we are going backwards.

Mrs. DINGELL. Yes, I agree.

Mr. WALSH. But electric vehicles are absolutely essential to
decarbonizing the transportation sector, as long as we also continue
progress in decarbonizing the power sector as well.




124

Mrs. DINGELL. And are we doing—well, we all have to work to-
gether to do that, which you have all talked about.

Now, I am down to four seconds, so I can’t——

I guess I yield back my zero seconds.

Ms. BARRAGAN. The gentlewoman yields back.

The Chair now recognizes Ms. DeGette from Colorado for 5 min-
utes for questions.

Ms. DEGETTE. Thank you so much, Madam Chair.

As we have heard, some industrial processes release carbon diox-
ide, not only as a result of the energy they use but also because
it is a byproduct of the chemical processes involved and, as we
heard today, cement manufacturers are a good example of this.

So even if we completely decarbonize our energy production and
use, we would still need to have carbon capture utilization and
storage to keep the emissions from these industries from getting
into the atmosphere. And we also know that we are going to have
remove existing carbon dioxide from the atmosphere if we are going
to keep global warming at the goal of below 1.5 degrees Celsius.

So I think that the U.S. is in the best position to develop these
technologies. And I want to ask you guys some questions about
these issues. I guess we can just go down the line.

The first question is: Do you agree that the United States needs
to make a major investment in the development and deployment of
technologies that capture, utilize, and store carbon dioxide from a
wide variety of energy and industrial sources, as well as from the
atmosphere?

We will start down here.

Mr. PERCIASEPE. Yes, it is an essential tool that needs to be in
the climate change battle toolkit.

Ms. DEGETTE. You bet.

Dr. GREGORY. Yes. And, as you mentioned, cement and concrete
has this unique opportunity where the carbon can be captured and
then used again to make new cement and concrete.

Ms. DEGETTE. Right. Right.

Dr. Sant?

Dr. SANT. Unquestionably, yes, but I think we need to really
focus on cost reductions in these technologies

Ms. DEGETTE. Right, as part of the development because it has
to be marketable worldwide.

What about you?

Mr. EISENBERG. Yes and we may not be able to do without them,
as well.

Ms. DEGETTE. OK.

Dr. FRIEDMANN. My Twitter handle is CarbonWrangler.

Ms. DEGETTE. So your answer is yes?

Dr. FRIEDMANN. The answer is hell, yes.

Ms. DEGETTE. OK, thanks.

Mr. Walsh?

Mr. WALSH. Yes.

Ms. DEGETTE. So are we on track, do you think—and we already
have a sense of the answer to this but are we on track to deploy
and develop these technologies at scale right now? I think we prob-
ably can get agreement on this, too.

Mr. PERCIASEPE. We are not on track. We need more to go.
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We talked about 45Q, which, obviously, many members have
been involved with. We need to get the IRS to get the regulations
and the rules done so we can actually implement it. And we need
some thoughtfulness from the Congress on infrastructure to help
move carbon after it has been wrangled.

Ms. DEGETTE. Thank you.

Dr. GREGORY. 45Q actually, it doesn’t specifically apply to cement
plants. So actually having programs specifically for cement plants
would be more beneficial.

Ms. DEGETTE. Great.

Dr. SANT. Yes, what we are doing would be but we need to do
a lot more. And I will go so far as to say we need to step up our
investments in these areas by an order of magnitude, at least.

Ms. DEGETTE. OK.

Mr. EISENBERG. Agreed, we need to do more.

Ms. DEGETTE. Yes, Dr. Eisenberg—Mr. Eisenberg.

Mr. EISENBERG. Agreed. We need to do more.

Dr. FRIEDMANN. We need more investment. We need more incen-
tives.IWe need more innovation on all of it, especially on CO2 re-
moval.

Ms. DEGETTE. And Mr. Walsh?

Mr. WALSH. We need to do more, particularly in industries where
the CO2 is more low-purity. We have a lot of opportunity for high-
purity. CO2 ammonia has been mentioned but in steel and cement,
these are low-purity sources. We have got to reduce the cost of car-
bon capture.

Ms. DEGETTE. Right.

Mr. WALSH. We do that through R&D, and innovation, et cetera.

Ms. DEGETTE. Aside from some of the things that this panel has
said we need to do, the infrastructure, the R&D, and so on, are
there other things that Congress and the Federal Government
could be doing to develop and deploy these technologies at scale?
Anyone.

Mr. PERCIASEPE. I will start very quickly.

Ms. DEGETTE. OK.

Mr. PERCIASEPE. Think of a layer cake and you have layer after
layer of incentives for different technologies and then you have got
to put an icing on the cake. The icing on the cake would be a price
on carbon.

Ms. DEGETTE. OK.

Dr. GREGORY. Just practice what you preach, in terms of the
Government’s construction that it does. You know make the choices
to low-carbon materials for those practices.

Ms. DEGETTE. That is a good point.

Dr. SANT. I think public-private partnerships, which start form
the innovation stage and work towards commercialization would be
really attractive.

Mr. EISENBERG. We need a single unified response here. I mean
we have a really good opportunity here today to actually kick that
off and move towards some federal unified response that captures
all of these things. It really is important.

Dr. FRIEDMANN. I will gladly send you my last four congressional
testimonies on exactly these subjects with the policy recommenda-
tions.
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The most important number one thing to get going today, the in-
frastructure.

Ms. DEGETTE. Yes.

Dr. FRIEDMANN. If we had the pipelines in place, we would have
more projects today because 45Q would help. It already helps but
it is not enough without the pipelines.

Ms. DEGETTE. Right.

Mr. WALSH. As we make investments on infrastructure on other
deployment pathways, it is absolutely essential that we have pre-
vailing wage standards, other kinds of labor standards, and buy
American provisions, and make sure that the jobs we are creating
are U.S. jobs and high quality jobs.

Ms. DEGETTE. And that they are good jobs. Great.

Well, wonderful job, everybody.

I am now happy to yield back and I appreciate your unity on
these answers.

Ms. BARRAGAN. And the gentlewoman yields back.

As the Chair, I request unanimous consent to enter the following
documents into the record: letter from Rebecca Dell, Industry,
Strategist at the ClimateWorks Foundation; Climate Action Report
from ArcelorMittal, the largest steel producer in the world; report
entitled Mission Possible: Reaching Net-Zero Carbon Emissions
from Harder-to-Abate Sectors by Mid-Century; two reports from
C2ES entitled Decarbonizing U.S. Industry and Carbon Utilization:
A Vital and Effective Pathway for Decarbonization; statement from
the American Iron and Steel Institute; fact sheet from the Fer-
tilizer Institute.

Without objection, so ordered.

[The information appears at the conclusion of the hearing.]

Ms. BARRAGAN. And I would like to thank all of our witnesses for
joining us at today’s hearing. Very informative. I am a firm be-
liever this should be a bipartisan issue, where we come together.
And this committee has been able to do that on issues. I am hoping
we can do that here.

I remind Members that pursuant to committee rules, they have
ten business days to submit additional questions for the record to
be answered by our witnesses. I ask each witness to respond
promptly to any such questions that you may receive.

At this time, the subcommittee is adjourned.

[Whereupon, at 12:48 p.m., the subcommittee was adjourned.]
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Rebecca Walsh Dell, PhD
Industry Strategist
ClimateWorks Foundation

235 Montgomery St, 13t floor
San Francisco, CA 94104
415743370581
rebecca.dell@climateworks.org

17 September 2019

Chairman Paul Tonko Ranking Member John Shimkus
Subcommittee on Environment and Climate Change ~ Subcommittee on Environment and Climate Change
House Committee on Energy & Commerce House Committee on Energy & Commerce

2125 Rayburn House Office Building 2322 Rayburn House Office Building

‘Washington, DC 20515 ‘Washington, DC 20515

Dear Chairman Tonko and Ranking Member Shimkus:

Thank you for the opportunity to provide this statement for the record on your upcoming
hearing on “Building a 100% Clean Economy: Pathways to Net Zero Industrial Emissions,”
to be held tomorrow, 18 September 2019. I work for the ClimateWorks Foundation, a
nonprofit 501(c)(3) organization working to solve the climate crisis and ensure a prosperous
future.

‘While I welcome the opportunity to discuss any part of path toward industrial
decarbonization, in this letter, I will focus on the following points:

(1) We cannot reach our climate goals without making significant progress on reducing
industrial emissions.

(2) There are a number of affordable options already available to reduce industrial
emissions starting immediately. The most important thing that government policy
can do is to create markets where businesses can be successful by reducing industrial
emissions.

(3) Simultaneously, we should invest in research, development, demonstration, and
deployment of the technologies that can be commercialized over the coming decade.

(4) The success of all of our efforts rests on a foundation of national technical capacity
and clear and transparent emissions accounting, so we must invest in making these
available to everyone.

Addressing industrial emissions is not just sensible environmental protection. It is also an
opportunity for American businesses and workers to develop technologies, skills, and
practices that will be in wide demand around the world in the coming decades, and to renew
the American manufacturing and construction sectors.

(1) We cannot reach our climate goals without making significant progress on
reducing industrial emissions.

Direct emissions from industrial facilities in the United States are about a fifth of total

emissions. If we include the indirect emissions from generating electricity consumed by

industrial facilities, that number rises to about a quarter. If we also include the imported

industrial emissions generated in other countries while manufacturing products that were
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consumed in the United States, that portion rises to a third of national emissions. The
trends in these emissions are shown in the figure below. Unfortunately, the flat or declining
industrial emissions within the United States are more a result of offshoring of
manufacturing activity than of success in reducing the emissions intensity of our economy.

Given these high emissions, it will not be possible to prevent the worst impacts of climate
change unless we make significant and rapid progress on reducing our industrial emissions.
Fortunately, this can be very cost effective.

US GHG Emissions

Imported

Direct

Indirect

Transportation

Billions of Tons CO2 Emissions

Other

0 ! 1
1995 2000 2005 2010

Figure. U.S. national GHG emissions. Note the imported emissions have not yet been calculated for recent
years and are omitted. Sources: EPA (2019), International Energy Agency (2017), Organization for Economic
Cooperation and Development (OECD) (2016).

(2) There are a number of options already available to reduce industrial
emissions starting immediately. The most important thing that policy can do
is to create markets where businesses can be successful by reducing industrial
emissions.

Industrial emissions are heavily concentrated in a small number of commodity processing

industries, especially petrochemicals (largely fertilizer and plastics), refining, steel

manufacturing, cement making, pulp an é)aper, and aluminum. Efforts to reduce industrial
emissions should likewise be concentrated in these sectors. In order to reduce these
emissions, we can make changes at the industrial facilities. We can also make other changes
throughout the economy to increase the amount of valuable services that these materials
provide and so decrease the need for new materials. By reducing the amount of material
needed to make a given product, improving recycling and high-value material recovery, and
increasing the utilization rate of our products, we will reduce industrial emissions. These
types of options are often called ‘material efficiency,” in analogy to energy efficiency.

There are usually few technological barriers to improving material efficiency. In addition,
there are a number of emissions-reducing technologies t%lat are ready to be deployed, but
have not been because of a lack of market signals. Examples of things we coulf()i d}(l)

immediately with existing technology to substantially reduce industrial emissions include:
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Typical commercial buildings use 50% more structural material than is required to
comply with the already safety protective building codes. By optimizing the design
and construction, we could substantially reduce demand for structural steel and
cement.

Today only about 10% of plastic is actually recycled, and often the recycled products
are very low value. Plastic packaging could be simplified to allow for easier and
higher-value recycling.

The U.S. uses the most GHG-intensive cement in the world. We could modify the
way we mix cement and concrete, using formulations widely used around the world
and by many state Departments of Transportation, and both reduce GHG emissions
and improve the durability and performance of the concrete.

Carbon capture and storage could be used as a retrofit at existing industrial facilities
or integrated into the design of new industrial facilities, using widely deployed
techno%ogies like amine scrubbing. Retrofits will likely be able to capture 30-50% of
GHG emissions from facilities, but new builds could capture much higher rates.

None of these interventions would require new technologies, and each of them would
reduce our industrial emissions bz potentially tens of millions of tons of CO2 per year.

None will significantly increase t

e cost of the products involved. The reason that we have

not done any of them is that there do not exist markets where businesses can make a profit
by doing them.

The most important thing that federal policy can do to reduce emissions in the industrial
sector is to create those markets. This could be through:

Administrative actions, like creating low-carbon procurement requirements for
federally-funded construction projects;

Regulatory actions, like setting a GHG intensity standard on carbon-intensive types of
products or limiting the range of plastic types in disposable packaging; and

Fiscal actions, like creating a production tax credit for industrial commodities like
hydrogen gas (H2) in analogy to the wind power production tax credit, or a contract
for ditterences for the cost difference between high- and low-emissions production.

It is so important for federal policy to focus on creating markets for low-carbon
commodities for three reasons:

(1) Businesses cannot make investments in lower-carbon production—including

building or upgrading facilities, hiring and training workers, and developing new

roducts—unless they are confident that markets will exist for those froductx. Many
ower-carbon materials are more expensive, especially as we are learning how to best
produce, use, and dispose of them. No one will take the risk and expense of
retrofitting a cement kiln with CCS unless they know they can get a premium price
for the cement it produces. Commitments through public procurement systems are
one of the most powerful ways to provide that confidence, and the public sector
purchases half of the cement and a sixth of the steel in America.

(2) By focusing on market creation, we eliminate the competitiveness concerns that
many previously discussed policies raise. We are not putting any requirements on
American businesses that offshore businesses could avoid, as might happen with a
carbon price or direct regulation of the emissions of domestic facilities. All
producers regardless of location access the markets for low-carbon products and
processes that we can create, so there’s no risk of undercutting by non-compliant
competitors. Additionally, domestic producers would have the advantages of lower
transportation cost, greater understanding of the markets, and easier compliance
with domestic requirements. In many industries, like steel, U.S. producers are
already considerably cleaner than the global average.
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(3) Most importantly, from the perspective of the final consumer, the cost of
reducing emissions from the industrial sector is negligible. For example, if it costs
$100 per ton to capture and store CO2 from a hypothetical cement plant, that would
almost double the costs at the plant—very hard to afford. However, it would only
add $500 to the cost of a single-family home or $10 million to the cost of a $1 billion
bridge. The final consumer can afford the costs of decarbonizing much more easily
than the original commodity producer. By focusing on market creation, we ensure
that the costs of decarbonization go to the people best able to afford it.

By creating markets that reward low-emissions ways to make and use carbon-intensive
products, we will improve our environment, get useful new technologies deployed, drive
costs down, and ensure that American workers and businesses are not put at a disadvantage.
‘We do not have to choose between solving climate change and a prosperous economy.

(3) Simultaneously, we should invest in research, development, demonstration,
and deployment of the technologies that can be commercialized over the
coming decade.

At the same time as we create markets to deploy the options we already have, we should be

working to develop new technologies that can come online over the next decade. These

include both zero-carbon production pathways for key materials—steel, cement, plastics,
ammonia, aluminum, paper—and much better recycling pathways for these materials. Each
subsector will require its own innovation and commercialization options. These might
include:

Steel Cement Chemicals

Hydrogen reduction Electric kilns Carbon-free H2 gas
Direct electrolysis High capture rate CCS Chemical recycling
Copper separation in Prefabrication and precision Electric process heat
recycling molding Plastic sorting and control
New CCS production Low-clinker mixes CO:z2 separation

pathways Alternative chemistries

An appropriate innovation program for the industrial sector should include activities from
the lab to actual deployment of first-few-of-a-kind facilities. It should be in partnership
with the industries in question and include strong components for developing technology
roadmaps and providing technical assistance to both firms and subnational governments to
ensure that the new technologies are actually taken up. Sufficient investment would be at
the scale of at least several billion dollars per year for innovation activities, with more
needed for deployment. To appreciate the urgency of these activities, consider a typical
investment timeline for a large piece of industrial capital. If a company decides today that
it is serious about building a new steel mill using hydrogen reduction, it would be followed
by a front-end engineering study that would typically take two years, followed by more
detailed design and engineering, a final investment decision, contracting, and construction.
That means a priority project with no major technological hurdles might come online in
seven years. To reach our climate goals, we need to be ready for widespread deployment of
near-zero emissions technologies starting in 2030, so the early projects need to be approved
in the next couple years.

When we look out over the coming decades, we can see that the options available to reduce
industrial emissions change over time. We can improve operational efficiency at existing
facilities, shift production to higher-performing facilities, and start substituting lower
embodied emissions materials immediately. Over the next couple years, we can create niche
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markets for low-carbon materials and products. Over the next five to ten years, we can
deploy the first few of a kind of new process technologies, retrofit existing facilities, and
significantly improve our waste recovery and recycling systems. It will take ten to twenty
years for the lessons of material efficiency to really penetrate into architecture, engineering,
and product design and to start widespread deployment of new process technologies. We
need to begin all of these processes immediately.

(4) The success of all of our efforts rests on a foundation of national technical
capacity and clear and transparent emissions accounting, so we must invest in
making these available to everyone.

Expertise and high-quality information are the foundation of any successful endeavor and
public goods witﬁ enormous spill-overs. Currently, as a nation, we have a severe shortage of
these for low-carbon industrial systems and engineering. There is a clear federal role to
invest in these public goods with activities like:

o Trainin% and technical assistance funding in all clean industry innovation activities.
These should include workforce development, training for the relevant skilled trades,
and training for engineers, designers, and scientists.

¢ Improved public data sets on industrial facilities and their key assets, relative
performance of U.S. and international facilities, and the cost and performance of
various technologies.

¢ Improved modeling of the industrial sector within existing energy models like DOE’s
National Ener%? Modeling System (NEMS), to include all relevant technologies,
material flows between sectors, and material efficiency interventions.

e Improved calculations of consumption-based U.S. GHG emissions.

¢ Public and validated methodologies for accounting for the embodied emissions in
significant products like buildings and vehicles. These must include facility-specific
emissions information for all relevant materials, as there is enormous variation in the
environmental performance of different facilities making the same product. These
also must include appropriate verification, so the methodologies can be used for
government activities by federal, state, local, and tribal agencies.
Without high-quality people and information, all of our other efforts cannot succeed.

In conclusion, the industrial sector is essential to meeting our climate goals, we have good
options for reducing industrial emissions today an in the future, and there is a clear role for
the federal government in supporting the knowledge, information, technologies, and
markets to make that happen. If we design our policies correctly, this effort can increase
the competitiveness of American firms and the strength of our manufacturing sector.

Sincerely, -
]

Rebecca Walsh Dell, PhD
Industry Strategist
ClimateWorks Foundation
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“Central to a/successiofy <
transition will be supportive
policy fo ensure a globail
level playing field, access
to renewable energy at
affordable prices and

access to finance”
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About this report

This report outlines the analysis behind ArcelorMittal’s strategy
on climate action, summarised in its Integrated Annual Review
2018. As such it is the company’s first comprehensive response
to the recommendations of the TCFD for climate disclosures.

It reflects the views of the ArcelorMittal group in May 2019.
Data on ArcelorMittal’s carbon emissions are for financial years
up to and including 2018. All financial values given in dollars are
US dollars, and those given in Euros are where funding has been
received in that currency.

Fact Book

Integrated Annual
Review

Reporting Index

Chapter 8: Governance and risk

Chapter 9: Alignment with TCFD
recommendations

Our reporting

Our portfolio of corporate reports aims to engage stakeholders
on material aspects of our financial and non-financial
performance. In addition to our statutory requirements, we
publish an Integrated Annual Review and a Fact Book containing
in-depth data on our business. Our Basis of Reporting explains
the methodology behind our metrics, and our Reporting Index
references a range of different frameworks we use in preparing
our reports. These reports can be downloaded from
annualreview201 8.arcelormittal.com

20F

Basis of Reporting Annual Report
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Introduction from our Chairman and CEO

Our work on low-emissions technologies underpins
our ambition to significantly reduce our carbon
footprint by 2050 in line with our commitment

to the Paris Agreement.

Dear stakeholders,

Welcome to ArcelorMittal’s first Climate Action report.

We are publishing this because we understand the
enormity of the climate challenge for society and the
responsibility of ArcelorMittal as an emitter of CO,
to reduce our carbon footprint. We also acknowledge
the interest of our stakeholders in understanding how
we plan to do so and the requirement for additional
disclosure in line with TCFD.

In December 2015, world leaders adopted the Paris
Agreement, which aims to keep the global average
temperature increase to well below 2°C and pursue
efforts to hold the increase to 1.5°C. Clearly, success
will require unprecedented levels of coordination

on a global level. There are no borders in the sky,

so every region and country will need to make

a meaningful contribution.

The industrialisation of the world has been powered by
fossil fuels. In the steel industry this has involved using
coal-based products, such as coke, to reduce iron ore
in the blast furnace. While steel may have a lower
carbon intensity than many other materials, the large
volumes of steel produced globally mean that the
industry emits over three gigatons of CO, annually.

Now that the unintended consequences of using
fossil fuels have become clear, the world needs to
find a new way of doing things that enables further
economic and social development while minimising
environmental damage. Steel is prevalent in our
society because it has a combination of properties
that make it ideal for building much of the
infrastructure we need. As the world continues to
develop, with an increasing population aspiring to
achieve improved living standards, demand for steel
and materials generally is only expected to further
increase. Indeed, our forecast indicates demand
rising from 1.7 billion tonnes in 2018 to 2.6 billion
tonnes in 2050.

This means we need to significantly reduce the
carbon footprint of steel, which requires finding
new ways to make steel in a less emissions-intensive
process. Scrap, unfortunately, is not a sufficient
answer as there is not enough scrap available in the
world to simply make all steel through the electric
arc furnace process.
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So, we need to develop breakthrough low-emissions  This report does not have all the answers because
steelmaking technologies. We are working on the we do not yet have all the answers. But as the world’s
technologies for several potential pathways including  leading steel company, we are committed to the
circular carbon and clean power, and these underpin objectives of the Paris Agreement and | want to

our ambition to significantly reduce our carbon reassure our stakeholders that we will do our best
footprint by 2050. We are in the process of running  to contribute effectively to a low-carbon world and,
pilots of these different technologies at various plants in doing so, help them manage their own risks

in Europe, where regulation today is most advanced,  and ambitions.

and where we have an ambition to reach carbon

neutrality by 2050. This work will enable us next year

to publish a more specific 2030 reduction target. (_}L SRS w2

The suite of technologies we are developing gives us

confidence that we are well positioned to align with ~ Lakshmi N. Mittal,
the science-based trajectory for our sector. But we ~ Chairman and Chief Executive
cannot solve the problem by ourselves. Central to May 2019

a successful transition will be supportive policy to

ensure a global level playing field, access to renewable

energy at affordable prices and access to finance.

The dynamics of the global steel industry need to

be fully understood, and support provided at levels

similar to those which have enabled the growth of

renewables in the energy sector.
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1 Our climate action at a glance

ArcelorMittal’'s readiness to advance the low-carbon
economy can be seen throughout its operations, from
the breakthrough technologies it is demonstrating to

the solutions it offers its customers.

Circular carbon technologies

In 2018, we launched a €40 million Torero
demonstration project at Ghent, Belgium, to convert
120,000 tonnes of waste wood into biocoal for use in
iron ore reduction in place of fossil fuels. The technology
has the potential to work with a variety of society’s
waste streams. We've also been running an industrial
pilot of IGAR technology in Dunkirk, France since 2017
to reform waste carbon gases so they too can be reused
for iron ore reduction. Both technologies will reduce the
amount of coal and coke needed in the blast furnace
and lower associated CO, emissions.

At our steelworks in Ghent, Belgium, we are building
a €120 million industrial-scale demonstration plant
for technologies developed with LanzaTech' to both
capture carbon offgases and convert them into the
Carbalyst® range of products. Capable of producing
80 million litres of ethanol per year, this project alone
has the potential to annually reduce CO, equivalent
to 600 transatlantic flights.

P> See chapter 5

1 This project is also known as Steelanol.

Clean power technologies

ArcelorMittal is exploring iron ore reduction technologies using
hydrogen and electrolysis, both of which could deliver significant
carbon reductions if powered with clean electricity. In March 2019,
we launched a €65 million pilot project in Hamburg, Germany to
test hydrogen steelmaking on an industrial scale, with an annual
production of 100,000 tonnes of steel. At the same time, we

have been exploring direct iron ore reduction using electrolysis

for a number of years. We lead the EU-funded Siderwin project,
which is now constructing an industrial cell to pilot the technology.

P> See chapter 5

2050

Carbon ambition

Our ambition is to significantly reduce our CO, emissions by 2050
and, in Europe, to achieve carbon neutrality by this date, in line
with the objectives of the Paris Agreement and the science-based
trajectory for our sector. Supportive policies will be central to
achieving this ambition. We are building a strategic roadmap
based on potential improvements and our suite of breakthrough
technologies, and in 2020 we will set a 2030 reduction target.

2 https://corporate.arcelormittal.com/news-and-media/our-stories/capturing-and-utilising-waste-carbon-from-steelmaking
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Green border adjustment

ArcelorMittal has been publicly calling for a green border

adjustment since early 2017. We believe it is an essential policy

that needs to be applied wherever carbon policy exists to
ensure that steelmakers bearing the structurally higher costs
of low-emissions technologies can compete on a level playing
field with imports from higher-emissions steelmakers. This
forms a central part of our policy scenario analysis

P> See chapter 6

$728m

Energy efficiency

Each year we spend large amounts of capex to modernise
our plants with the latest technology. $728 million has been
allocated in the past three years alone

Comprehensive climate-related disclosure

We have been making annual climate change disclosures to
CDP since 2010, and in 2018 our disclosure was rated B.

We report comprehensively on the methodology and scope
of our CO, emissions, and ensure that we measure the
carbon intensity of our steel in a way that includes all the
processes involved in steelmaking rather than simply those
we own and operate. In 2018, we became a supporter of the
Task Force on Climate-related Financial Disclosures’ (TCFD)
recommendations. This Climate Action Report represents our
first comprehensive response to these recommendations.

P> See chapter 7

SNcpp TCFD

Steligence®

In 2018, ArcelorMittal launched the Steligence® concept to
facilitate the next generation of high-performance buildings
and construction techniques for our customers. Built into

the holistic Steligence® approach is a broad range of thinner,
lighter, high-performance steel solutions. Demonstrating

the potential to reduce the embedded carbon footprint of

a building by 38%, the Steligence® approach can also enhance
its flexibility and economics. Considering the share of global
emissions from the built environment, the impact of
Steligence® could be particularly significant.

S-in motion®

S-in motion® is a set of advanced high-strength steels
launched by ArcelorMittal in 2010. Since then, S-in motion®
steels have been providing the lightness and strength
carmakers need to make mobility solutions ever more
sustainable. It enables a reduction in vehicle lifecycle
emissions of 14.5%,” while at the same time ensuring the
safety of vehicle users at an affordable cost

3 https://corporate.arcelormittal.com/news-and-media/our-stories/cutting-carbon-ensuring-safety-serving-customers-s-in-motion
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2 The future of materials:
growing, circular, sustainable

Our world, and our lifestyles, have been built around the use of
a variety of materials. All industries making these materials face
the same issue: meeting the global demands of a growing
population while significantly reducing their climate impact.

The world’s materials challenge

Materials are an integral part of modern society, human
development and well-being. Global consumption of materials
has grown significantly over the past 30 years (see box 1),

and has been instrumental in the economic development which
has lifted over one billion people out of poverty. Today, the
production of the main material groups globally account for over
19% of global CO, emissions.” The majority of these emissions
come from using mostly fossil fuel-based energy to transform
primary raw material sources into the materials we use (iron ore
for steel, bauxite for aluminium, oil for plastics, etc.). Producing
materials from secondary sources (i.e. recycling materials at
their end of life) represents a small proportion of material
production today, mainly because the strong growth of demand
for materials outstrips the stock available for recycling, but also
due to the fact that most materials — steel being an exception —
cannot be fully recycled (see box 1).

Materials demand is forecast to continue growing for several
decades as emerging economies pursue the infrastructure
needed to achieve the United Nations’ Sustainable Development
Goals, and as the world transitions to low-emissions sources
of energy. In this context, primary sources will continue to be
essential to meet the world's material needs. Therefore, the
challenge for materials producers is to lower the carbon
footprint of materials production whilst meeting continuing
demand growth. Contributions will come from improvements
in energy efficiencies and production yields, and the move
from today’s prevalent linear use-and-dispose model towards
a circular reduce-reuse-recycle model. What will be critical,
however, is to develop and deliver low-emissions technologies
for materials production.

Materials
recovery

Circular
materials

Materials

EICES A
production

world

—

REDycCING

In the long term, the world will transition towards a stable
demand for materials in a fully circular economy, where
efficiently designed products are reused repeatedly, and
ultimately recycled into new products. This means for each
application, manufacturers and designers will increasingly
choose materials based not only on their physical characteristics
such as weight, strength and flexibility, but also for their ease of
reuse, recovery and recyclability. This will be enabled by policies
aimed at restricting landfill and incineration. Effective recovery
and recycling of materials from different waste streams at their
end of life will be vital to the transition to a circular economy.
In addition, segregation of materials to avoid degradation and
loss of recycling capability will be important.

4 ArcelorMittal estimates of main material groups’ CO, emissions as percentage of World Bank reported global CO, emissions; material groups included:
cement, steel, aluminium, other metals, plastics and fibres, glass, bricks, and cardboard and paper.
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Box 1: materials production and recyclability

Global materials production has grown significantly over the past three
decades; steel is the only manufactured material that can be fully recycled.

Figure 1: global production (1990=100) Table 1 Madaifrom
1 end-of-life
400 Material group Recyclability*  material
1 Plastics and
2 ~109
5 % synthetic fabrics O Sifeks

. % 2 Cement® O 0%

- Eij 3 Aluminium o 21%

° & 4 Steel . 22%
055 tam € s

*Ability to make same material again at end of life

200 |

@ Fully recyclable, low risk of downcycling

T T T T J i i
1990 1095 2000, 2005 2010 2015 ® Highly recyclable, risk of downcycling

@ Partially recyclable, risk of downcycling
O Little or no recyclability

Source: ArcelorMittal corporate strategy

5 Concrete, made from cement, is recyclable to a limited extent in the form of aggregate.
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The future of materials: growing, circular, sustainable

With its high rate of recyclability, steel is the ideal material
for a sustainable, circular economy. It is also a key enabler

for CO, emission reductions.

Bright future for steel

We believe that steel is the only major material group today
that can meet tomorrow’s challenge of a fully circular economy.
Steel's recyclability is unmatched by any other major material
group. Today, up to 85-90% of steel products are recovered

at their end of life and recycled to produce new steel. The
magnetic properties of steel make it easy to segregate from
other materials, so whereas other materials are often
downcycled, steel retains all of its original properties, making

it stand out as one of the most easily recycled materials.

In the very long term beyond 2070, once there is a sufficient
stock of steel to meet the needs of a fully developed world,
the majority of steel products will be made from recycled
end-of -life steel. We believe that as societies transition towards
a sustainable circular economy, steel will be increasingly favoured
over other less circular materials in overlapping applications.

6 BCG and VDEh (2013), Steel’s Contribution to a Low-Carbon Europe 2050.

Even today, there are fewer CO, emissions embedded in the
production of steel in many applications in comparison with
other materials. For example in the automotive sector, for
the structural ‘body-in-white’ of a vehicle, the CO, emissions
associated with an automotive part made of advanced high-
strength steel are less than half of those associated with an
equivalent aluminium automotive part, and less than a third
of those associated with a part made of carbon fibre
reinforced plastic.

Steel is also a key enabler as a core material in many leading
technologies for global CO, emissions reductions. These
technologies include offshore wind turbines, efficient
transformers and motors, and lighter-weight vehicles. A study
by BCG and VDEh found that on average, the CO, emissions
reductions enabled by steel outweigh emissions from steel
production by 6 to 1.° It is hard to imagine a future where steel
is not a critical material in a sustainable circular economy.
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Figure 1: comparative CO, emissions from production of steel vs other materials for selected applications*

1,800g CO, 350g CO,

60kg CO,

Steel vs
other materials

© cons represent the level of recyclability as in Table 1 on page 7.
*Figures relate only to emissions from production of material from primary (virgin) sources, not lifecycle CO, emissions of different materials.
Source: ArcelorMittal corporate strategy
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3 The carbon challenge for steel

The steel industry currently generates approximately 7%
of the world’s CO, emissions. With demand for steel forecast
to continue growing for several decades to come, the carbon

challenge is significant.

Continuing need for primary steel production

Global steel demand has more than doubled since 1990 as
societies across the world (China and the developing world
especially) have increased their steel stocks in products,
equipment, buildings and infrastructure. Steel can essentially
be made using either primary sources or secondary sources.
Today the majority of steel is made via the primary (iron ore
based) route, the first step of which is to smelt or reduce iron
ore. Nature has dictated that separating oxygen from iron
requires a substantial amount of energy, because there are
strong chemical bonds between oxygen and iron in iron ore.
That energy today comes primarily in the form of carbon.
Carbon dioxide, or CO, emissions are the result.

Steel produced via the secondary (scrap based) route, which
uses electricity as the main energy input to melt end-of -life
scrap, and has lower CO, emissions, has increased in recent
decades. However, although steel stock in maturing economies
has plateaued, the strong demand growth for steel in the
developing world means that end-of -life scrap is only sufficient
for a modest share (approximately 22%) of metallic input for
global steel production. The availability of end-of-life scrap is
forecast to grow, and this will support the increased use of
scrap-based steelmaking. When powered with clean electricity,
this will further reduce the carbon intensity of steelmaking.
However, the availability of end-of-life scrap lags demand for
steel by several decades, typically 10-50 years or more after
production depending upon application. This means the world
will still be reliant on primary steelmaking from iron ore until
nearer the end of this century.

~

Source: ArcelorMittal global R&D

®

Although steel is less carbon-emitting per application than many
other materials from primary sources, the sheer scale of global
steel production means the industry contributes over three
gigatons of CO, to global emissions annually. Global steel
demand is forecast to increase from 1.7 billion tonnes in 2018
to over 2.6 billion tonnes by 2050 under current consumption
patterns. This will be driven primarily by continued growth in the
developing world, as well as increased steel demand to support
the global energy transition, since more steel will be needed per
unit of renewable electricity than conventional technologies.”

Time for transition

The global steel industry therefore faces the challenge of
reducing CO, emissions in line with the ambition of the Paris
Agreement whilst at the same time responding to the growing
demand for steel. According to the Intergovernmental Panel

on Climate Change (IPCC), in order to limit global warming

to 2°C or less, the world needs to reach net zero CO, emissions
around 2070. Achieving a limit of 1.5°C brings this date forward
to around 2050.2 While help will come from continued energy
efficiency gains and yield improvements in steel production,

as well as society’s shift to a circular economy, achieving this
ambitious goal will require a fundamental transition to low-
emissions technologies. This essentially means either capturing
and storing the emissions, or utilising a different, lower-emission
energy source to extract the iron from the iron ore.

IPCC (2018), Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above
pre-industrial levels and related global greenhouse gas emissions pathways, in the context of strengthening the global response to the threat of
climate change, sustainable development and efforts to eradicate poverty.
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Box 2: growing demand for steel

Global demand is forecast to increase from 1.7 billion tonnes in 2018 to over
2.6 billion tonnes by 2050 under current consumption patterns. Yield improvements
and circular economy dynamics are likely to moderate this growth.

Construction Energy Packaging

A significant share of growth in steel As the transition to a low-emissions Pressure to reduce plastic waste and
demand will come from the construction ~ economy unfolds, reduced steel demand  use more recyclable materials is leading
sector, particularly in developing from the oil and gas sector will be more to growth in demand for steel in the
countries for new buildings and than offset by growth from the renewable  packaging sector.

infrastructure. energy sector.

Transport

Steel use for transport will significantly increase due to economic growth in developing
countries. The use of high-strength steels for lightweighting helps automakers
improve vehicle emissions while maintaining safety standards. We take a neutral
view on the impact of electric vehicles (EVs) on steel demand. We see significant
opportunities for steel in EVs due to additional uses and recovery in traditional ones,
given the cost and lifecycle CO, advantages of steel. Growth in the automotive sector
may be moderated by the emergence of automated vehicles in the long term.

Figure 2: steel demand outlook (million tonnes)
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The carbon challenge for steel

Box 3: the role of end-of-life scrap in low-emissions steel transition

Global steel production will continue to rely on
primary sources (iron ore) until around 2100.

Today, most primary sources of iron (iron ore) used to make
steel are processed through a blast furnace (BF) for ironmaking
and subsequently through a basic oxygen furnace (BOF) for
steelmaking, using coal-based products such as pulverised
coal and coke as energy inputs to reduce the iron ore.

To a lesser extent, steel from iron ore is also produced via the

Global steelmaking by (1) production route,
(2) metallicinput, (3) source of iron

End-of-life scrap

Iron ore

Steel demand outlook (million tonnes)
3,000 7

2,500

1,500

1,000

2015

Source: ArcelorMittal Corporate Strategy

2020

direct reduced iron (DRI) process using natural gas or gasified
coal. Although both these routes partially add scrap to make
steel, most scrap used globally is processed into steel directly
through an electric arc furnace (EAF), using electricity as the
main energy input (see annex 1).

Scrap used in steelmaking comes from two different sources:

@ Pre-consumer scrap, arising from yield losses in iron and
steelmaking and manufacturing of steel-based products.

® End-of-life scrap, arising from the recovery of steel-based
products at the end of their operational life, typically
10-50 years or more after production, depending upon
application. As a result, the availability of end-of-life scrap
lags steel demand by several decades.

Although the availability of end-of-life scrap is forecast to
grow (see graph below), global steel demand growth means
end-of-life scrap will meet less than 50% of steel needs by
2050. As living standards improve and infrastructure across
the globe matures, demand for steel will eventually plateau.
After that, enough end-of-life scrap will be available to meet
the bulk of steel demand, leading to a fully circular steel value
chain. Since this transition is unlikely to become reality much
before the end of the century, iron and steelmaking from iron
ore will continue to play an important role in meeting global
steel demand well beyond 2050.

End-of-life
scrap

Iron ore

2025 2030 2035
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Meeting the carbon challenge for steel will require continued
energy and yield improvements, a shift to a circular economy,

and the adoption of low-emissions technologies.

Business as usual (BAU)

This projection of CO,, emissions shown in figure 2 below
is based on the BAU steel demand outlook, which includes
the increasing volumes of end-of-life scrap forecast shown
in box 3 on page 12.

Steelmaking yield impro

Continued improvements in the steel supply chain, particularly
through the digital revolution and evolving manufacturing
technologies, will drive continued yield improvement from
crude steel production to final steel in products, equipment,
buildings and infrastructure. This will reduce the amount of
steel production needed for the same products, equipment,
building and infrastructure under a BAU scenario.

Circular economy

Products, equipment, buildings and infrastructure designed to
use less steel will all moderate the growth rate of steel demand
compared to a BAU scenario. The transition to a circular
economy — with new business models focused on greater
sharing of our material world (homes, cars, etc.), extended
product longevity and reuse at end of life — will also reduce
demand for steel compared to a BAU scenario.

Figure 2: Indicative CO, emissions outlook for steel

Energy efficiency

Over the last 50 years, the steel industry has reduced its energy
consumption per tonne of steel by 61%.” A recent World Steel
Association study shows potential for a further 15-20%
reduction in energy intensity.

Adoption of low-emissions technologies

Steel production will continue to depend on primary sources
(iron ore) to meet future demand, as shown in figure 4.

To achieve the Paris Agreement objectives, this primary steel
production will have to transition to low-emissions technologies
for iron ore reduction. This will entail a transition to low-emissions
energy sources through a combination of use of clean power,
circular carbon (see box 4 on page 15), and continued use

of fossil fuels with carbon capture and storage. Detailed
descriptions of low-emissions technology pathways for the
steel industry are given in chapter 4, and ArcelorMittal’s
innovation programme to demonstrate such technologies is
described in chapter 5.

9 World Steel Association (2019), Steel’s Contribution to a Low Carbon Future and Climate Resilient Societies.
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4 Low-emissions technology pathways

and policy scenarios

Low-emissions steelmaking will be achieved through the use
of a combination of clean power, circular carbon, and fossil

fuels with capture and storage (CCS).

Future energy inputs for primary steelmaking

The steel industry has made significant improvements in energy
and yield efficiency, reducing the emissions intensity of steel
production during recent decades. Further technological
innovation should lead to continued reductions in emissions
intensity over the next decade.

However, to accelerate emissions reduction and align with the
demanding objectives of the Paris Agreement, the steel industry
will have to transition to one or more low-emissions technology
pathways. These are illustrated on pages 14-15. They include
transitioning to new energy inputs in the form of a) clean power,
b) circular carbon and c) fossil fuels with carbon capture

and storage.

a) Clean power used as the energy source for hydrogen-based
ironmaking, and longer term for direct electrolysis ironmaking,
and also contributing to other low-emissions technologies.

b) Circular carbon energy sources including bio-based and
plastic wastes from municipal and industrial sources and
agricultural and forestry residues (see box 4).

c) Fossil fuels with carbon capture and storage (CCS)
enabling the continued use of the existing iron and steelmaking
processes while transforming them to a low-emissions pathway.
This shift would require national and regional policies to create
the necessary large-scale infrastructure network for the
transport and storage of CO,.
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w0

Fossil Fuels
with CCS

Box 4: the importance of circular carbon

While climate change needs to tackle the increased
concentration of carbon-based gases in our atmosphere,
carbon is and will remain an essential building block of
nature and our material world. Circular carbon treats carbon
as a renewable resource that can be reused indefinitely.

Today over half of the renewable energy used in Europe
already comes from circular carbon in the form of renewable
biomass and bio-waste. Increased use of renewable biomass
globally is also a critical enabler to three of the four IPCC
pathways to 1.5°C in their latest report.'®

10 IPCC (2018), Summary for Policy Makers

Low-emissions
steelmaking

More of society’s waste — including construction wood,
agricultural and forestry residues, and plastic waste — can
potentially be used sustainably as a valuable source of circular
carbon. The steel sector has the potential to be one of the
most efficient users of the limited quantity of circular carbon
available in society.

Furthermore, the carbon gases that result from iron and
steelmaking with circular carbon can be captured and converted
into recyclable products. At the end of their use, these products
will themselves become sources of circular carbon, closing the
loop and creating an endless cycle of carbon.
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Low-emissions technology pathways and policy scenarios

Box 5: possible | issions technology pathways using different energy sources

All technology pathways to low-emissions steelmaking entail higher
costs and require time, investment and clean energy infrastructure.

Energy sources Loy issi ki

Iron electrolysis

@ €

Iron
electrolysis Develop iron ore electrolysis
from clean electricity
Water

electrolysis
Green hydrogen DRI
, DRI-EAF Develop hydrogen-based DRI

production from clean electricity

BlF-Eg Smart carbon

o

Produce steel with circular carbon
and hydrogen, and manufacture
carbon-based products from
waste gases

Circular
Carbon

ccs

e
€0

Blue hydrogen DRI

H, DRI-EAF % % Develop hydrogen-based DRI

production from reformed natural gas

s

DRI with carbon capture

Use existing technology incorporating
carbon capture and storage

Fossil Fuels

s

with CCS

Blast furnace with carbon capture

Use existing technology incorporating
carbon capture and storage

A successful transition to low-emissions steelmaking will require policies
that offset higher costs, provide access to sufficient clean energy and
financial support to accelerate technology innovation.

Policy needs

The viability of different low-emissions steel technology @ National and regional policies regarding energy infrastructure
pathways at each steelmaking site is likely to differ by region, and allocation by sector. These may affect the availability of
depending on three aspects of policy: green and blue hydrogen, circular carbon (bio-waste, waste

plastic, and agricultural and forestry residues), and large-scale

@ Policies to ensure steelmakers compete on a level playin -
P playing carbon transport and storage infrastructure.

field. Where carbon policy drives steelmakers to adopt
low-emissions technologies, involving structurally higher
operating costs, mechanisms such as a green border
adjustment enable steel from these producers to compete
fairly with imports from higher emitting steelmakers
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Incremental costs
|

to prod Ce ial Energy infrastructure Energy Steel if
(OPEX and CAPEX) horizon challenge challenge challenge

Source: ArcelorMittal internal estimates for transition to low-emissions steelmaking in Europe based on current factor prices.
*Compared with average annual net income of steel industry, which between 2010-2017 was 2% of revenues.

@ The level of private and public investment support. In view of these needs, we believe steel companies need to
This will dictate the speed of development of low-emissions maintain a flexible technology innovation roadmap to adapt to
innovation projects in order to assess their commercial the various technology development timelines, clean energy
viability; and, where such projects are successful, for the and policy landscapes of the future. Conversely, policy certainty
roll out of low-emissions technologies across different from national and regional governments and institutions will be
steel plants. instrumental in supporting the steel industry to decarbonise at

a pace commensurate with supporting the objectives of the
Paris Agreement.
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Low-emissions technology pathways and policy scenarios

We have developed four policy scenarios to assess the implications of
different levels of policy commitment for the steel industry’s ability to
meet the carbon challenge. We have used this analysis to inform our

policy recommendations presented in chapter 6.

Policy scenarios: driving the transition
to low-emissions steel

A concerted public and private investment effort is essential to
accelerate the pace of development and roll out of commercial
low-emissions technologies and advance the timeline to make

the steel industry ‘technology ready’ to meet the objectives of
the Paris Agreement.

Steel is a global material traded directly across countries and
continents in the form of sheets and bars for steel products,
equipment, buildings and infrastructure. It is also embedded in

the imported goods consumers buy, such as cars, appliances, etc.

Countries and regions that introduce a cost of CO, emissions,
but with neither supportive energy policies nor effective
mechanisms to maintain the competitiveness of low-emissions
versus higher-emissions steel, will fail to decarbonise their steel.
What is more, it may in fact disadvantage their steel industry
as production will migrate to other countries and regions

that do not support decarbonisation, thereby exacerbating
the carbon challenge globally (Stagnate scenario).

Even in jurisdictions actively providing financial support

to develop and roll out low-emissions technologies, the

steel industry will need further support. Without effective
mechanisms to offset the structurally higher operating costs
of deploying these technologies, and affordable access to the
clean energy they need, the steel industry will be unable to
make the necessary shift needed to meet the goals of the
Paris Agreement (Wait scenario).

Countries and regions developing supportive energy policies,
and establishing a fair mechanism to offset the structurally
higher costs of low-emissions steel producers, will succeed

in transitioning to low-emissions steelmaking (Accelerate
scenarios). They will reap the benefits of a positive steel
industry that contributes to their economies and to the
carbon challenge. But only if such mechanisms are applied
globally can this acceleration take place on a global scale and
the steel industry become a successful partner in meeting the
objectives of the Paris Agreement.

STAGNATE

@ Lack of access to sufficient and affordable clean energy

@ No mechanism to address high risk that steel production is
made structurally uncompetitive across countries/regions

@ Slow development of low-emissions steelmaking technologies

@ No meaningful reduction in global steel CO, emissions as
production shifts to less carbon-regulated jurisdictions

@ Insignificant global progress to goals of Paris Agreement

WAIT

@ Technology makes encouraging progress and is potentially
ready for significant deployment within 10-20 years

@ But only fragmented access to affordable clean energy

® No mechanism to address high risk of steel production being
structurally uncompetitive in affected countries/regions

® Marginal steel CO, reductions globally as production shifts
to less carbon-regulated jurisdictions

@ Limited progress towards goals of Paris Agreement

ACCELERATE regionally

@ Technology makes encouraging progress and is potentially
ready for significant deployment within 10-20 years

@ Access to sufficient and affordable clean energy in supportive
countries/regions

@ Regions with more active climate legislation ensure
mechanisms are in place to enable steel production to remain
competitive, e.g. green border adjustment

@ Significant reductions in steel CO, in supportive countries/regions

@ Partial global progress to goals of Paris Agreement

ACCELERATE globally

@ Technology makes encouraging progress and is potentially
ready for significant deployment within 10-20 years

@ Access to sufficient and affordable clean energy globally

@ Low-carbon legislation in place in the majority of countries,
ideally with a common global framework or mechanism to
ensure steel production remains competitive globally

@ Significant global reductions in steel CO,

@ Global industry alignment with goals of Paris Agreement
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Box 6: policy scenarios and their effectiveness in driving de-carbonisation of the steel industry

Figure 3

HIGH

Table 2

Pace of deployment of low-emissions technologies

ACCELERATE
Regionally

ACCELERATE
Globally

Low

Policy challenge

Level of policy RESPONSE

HIGH

Structurally
higher
operating
costs of
low-emissions
steelmaking

Ineffective mechanism
in place to offset
structurally higher
operating costs of
low-emissions
steelmakers versus
higher-emissions
steelmakers

Ineffective mechanism
in place to offset
structurally higher
operating costs of
low-emissions
steelmakers versus
higher-emissions
steelmakers

Mechanisms to maintain
competitive market by
offsetting structurally
higher operating costs
of low-emissions
steelmakers versus
higher-emissions
steelmakers and imports
set in some countries
and regions, e.g. green
border adjustment

Common global
framework is
implemented to
maintain competitive
market to offset
structurally higher
operating costs of
low-emissions
steelmakers versus
higher-emissions
steelmakers

Clean energy
infrastructure
and allocation
by sector

No concerted policy

in any market to
incentivise and allocate
clean energy to steel
sector

No concerted policy

in any market to
incentivise and allocate
clean energy to steel
sector

Support for clean
energy to steelmaking
industry from clean
power, circular carbon
and carbon capture and
storage infrastructure
provided in only some
countries and regions

Support for clean
energy to steelmaking
industry from clean
power, circular carbon
and carbon capture and
storage infrastructure
provided globally

Investment in
low-emissions
steelmaking
technologies
(development
and roll out)

Limited public support
for R&D to bring
technologies to
commercialisation
maturity

Accelerated public
support for R&D to
bring technologies to
commercialisation
maturity; some
investment support for
roll out of technologies

Accelerated public
support for R&D to
bring technologies to
commercialisation
maturity; high levels of
investment support for
roll out of technologies

Accelerated public
support for R&D to
bring technologies to
commercialisation
maturity; high levels of
investment support for
roll out of technologies
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5 ArcelorMittal strategy towards
low-emissions steelmaking

Energy efficiency, increased use of scrap, technology
innovation and policy engagement are the four
components of our climate action strategy.

Over the last 150 years, the steel industry has seen significant
energy efficiency and yield improvements.'" While incremental
improvements will continue, far more is needed to meet the
objectives of the Paris Agreement.

Significant emissions reduction requires creative and innovative
thinking, which is at the heart of our €250 million low-emissions
steelmaking innovation programme.'”

ArcelorMittal’s low-emissions strategy has four components:

1. Energy efficiency in our steelmaking operations across
the globe to help meet our medium-term emissions
reduction targets.

2. Consideration of opportunities for further steel production
using end-of-life scrap based on its availability in the
regions where we operate.

3. Aflexible, integrated innovation programme to develop
the technologies for steelmaking in a low-emissions
circular future.

4. Policy analysis and engagement to understand and
advocate for the policies that will support the transition
to a low-emissions future in the different geographies
where we operate.

$728m

Capex allocated to energy efficiency
improvements in the last three years

1. Energy efficiency programme

Over the last decades, the steel industry has significantly
reduced the carbon intensity of steel, by focusing on energy
efficiency gains and yield improvements.

For example, ArcelorMittal is today a leader in industrial gas-
injection technology. This has enabled us to increasingly replace
metallurgical coke with alternative sources of carbon such as
pulverised coal or natural gas. Some of our most advanced blast
furnaces are now injecting 50% of the total carbon required for
the process using this technology - with the effect of reducing
the total amount of fossil fuels required. This capability to use
the blast furnace as a large-scale ‘gasifier” in industry puts us in
a good position for the adoption of low-emissions technologies
for steelmaking.

Our business segments are now required to prepare CO,
reduction plans as part of the annual planning cycle, making
use of a range of existing and innovative approaches.

To support them, our global R&D team is continually innovating
to deliver energy efficiency and yield improvements. In 2018,
we deployed 19 new processes to this end. However, many
plants are approaching the physical limits of energy efficiency,
and a transition to low-emissions technologies is needed to
deliver further substantial emissions reductions.

Each year our Investment Allocation Committee (IAC) allocates
capital to investment projects that improve energy performance.
Proposals to the IAC are required to assess the CO, benefit of the
project, enabling an assessment with a suitable carbon price to
reflect the local context.

In 2018, ArcelorMittal made capital allocations totalling
$247 million for 26 projects aimed at improving energy
efficiency, bringing the three-year total to $728 million.

11 By 50% in about 75 years, based on DEH data of consumption of reducing agents used in blast furnaces in Germany (including Eastern Germany from 1991).
12 This is the multi-year budget covering our low-carbon development and demonstration programme with partners, aimed at building industrial pilots and

demonstrations and is additional to our annual R&D expenditure.
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2. Further opportunities for secondary
steelmaking

The availability of end-of-life scrap is projected to increase
globally over the coming decades as increasing amounts of
building structures and equipments approach their end of life
By 2050, there will be sufficient supplies to feed some 50%
of global steel production. As this availability increases in
regions where we operate, we will consider creating additional
opportunities for secondary steelmaking in electric arc furnaces

ArcelorMittal currently operates 32 electric arc furnaces
across the world, of which 13 are located in Europe. In 2018
we produced 19% of our steel from these furnaces.

Blast furnace facilities

Blast furnaces* 11
Electric arc furnaces | RIEEN A
| I
NAFTA Europe  Brazil ACIS

*The 2018 BF footprint presented above is not including the Ilva remedies (Ostrava and Galati). Including these assets the total number of BFs is 58.
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ArcelorMittal strategy towards low-emissions steelmaking

3. Flexible, integrated, circular approach to
innovation

The global challenge posed by the transition to low-emissions
steelmaking is large and complex, and will require multiple
solutions. Our innovation approach is focused on providing
flexibility to adapt to different possible clean energy futures
in different regions and countries, whether it is clean power,
circular carbon, or fossil fuels with CCS, or a combination of
all three.

The strength of our €250 million research and demonstration
programme is its breadth and flexibility. While each of our
technologies can be stand alone and scaled up individually,
we can also integrate them to deliver significant advantages
for the various low-emissions steelmaking pathways.

The key technologies in this programme are represented
in Figure 4.

In addition, our innovation approach supports three key
underlying principles of a low-emissions circular economy:

@ Supporting the advancement of renewable energy by
developing technologies that can make use of intermittent
renewable power from wind and solar (either directly
or indirectly through hydrogen), thus helping to reduce
grid instabilities.

® Accelerating the circular economy by developing
technologies that enable waste streams to be reused
commercially, turning them into materials and feedstock
for other industries and sectors

@ Creating industrial symbiosis between the steel, chemicals
and cement industries through a logistics network to share

and reuse CO, as a feedstock for the production of chemicals.

The logistics network can be expanded further to transport
and store CO,, for example in depleted oil fields.

Figure 4
Circular
Carbon

Torero

Carbalyst®

Low-emissions
steelmaking

Fossil Fuels
with CCS

Siderwin

4. Policy analysis and engagement

We have analysed the energy resources, costs and infrastructure
needed for each low-emissions technology pathway and
assessed the implications of different policy scenarios on the
pace of deployment of these technologies (see chapter 4).

This analysis forms the basis for our policy recommendations
to accelerate the transition to low-emissions steelmaking,
which are presented in chapter 6.

To build an understanding of the need for policy support,
ArcelorMittal engages with customers and investors as well as
policymakers and global organisations regarding our outlook for
low-emissions steelmaking. This includes organisations such as
the We Mean Business coalition, the World Business Council for
Sustainable Development, CDP, the Science-Based Targets
Initiative and the International Energy Association.
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There is no ‘one size fits all’ solution to move away from

emissions-intensive steelmaking. Our technology portfolio
enables us to pursue the full range of possible technology
pathways, depending on which becomes the most viable

in the countries and regions where we operate.

ArcelorMittal’s low-emissions innovation
programme

Today, the reduction of iron ore to iron is predominantly achieved
using high temperature carbon monoxide (CO), sourced from
fossil fuels — coke and pulverised coal — which is also used as an
affordable source of energy.

Science has given us three alternatives to this: deriving CO from
circular forms of carbon, applying the process of electrolysis,
or using high-temperature hydrogen gas.

The latter two pathways require vast amounts of electrical
energy, which would all need to come from clean sources.
Such quantities of clean power will not become available to
the steel industry overnight at affordable prices.

To reduce emissions within the timeframe needed, therefore,
ArcelorMittal is exploring opportunities to combine technologies
that use more clean power with those that involve circular
sources of carbon, alongside carbon capture, carbon utilisation
and carbon storage.

Our portfolio of technologies offers us the ability to respond

to whichever energy sources are made affordable by the policy
frameworks in place. Our key projects are outlined in detail over
the pages that follow.

Figure 5: From iron ore to iron for primary steelmaking

High-temperature Electricity

arbon monoxide,

Hydrogen
gas reduction

. .
gas reduction Reduction by

electrolysis
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ArcelorMittal strategy towards low-emissions steelmaking

With its high-tech gasification technology, the modern steel -
industry is the ideal sector to advance the circular economy .
by reusing bio-waste, plastic waste, and agricultural and

forestry residues.

ossilFuel
with CCS.

Torero: reducing iron ore with waste carbon Figure 6: the Torero process

Today, most blast furnaces reduce iron ore using a high-
temperature, synthetic gas derived from coal and coke. This
makes the modern blast furnace with its high-tech gasification
technology ideal for replacing fossil fuels with ‘circular carbon’
inputs, such as bio-waste, including agricultural and forestry
residues, and even waste plastics.

Blast funace

Our Torero project targets the production of bio-coal from
waste wood to displace the fossil fuel coal that is currently
injected into the blast furnace. We are developing our first
large-scale Torero demonstration plant in Ghent, Belgium.

In this €40 million project (with €12 million funding from

EU Horizon2020) we aim to convert 120,000 tonnes of
waste wood annually into bio-coal. This source of waste wood
is considered hazardous material if burnt in an incinerator

as harmful gases would be emitted, but in the blast furnace
no such pollutants can be formed.

Torrefaction

Future projects would see expansion of sources of circular
carbon to other forms of bio-based and plastic waste.

Waste
biomass
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Waste CO, can be reformed into a synthetic gas suitable for

reducing iron ore, giving it a second life. Our ultimate goal is

to use clean power and waste plastics for low-emissions .

circular carbon steelmaking.

IGAR: reforming carbon to reduce iron ore Figure 7: IGAR process

The IGAR' project aims to capture waste CO, from the blast
furnace and convert it into a synthetic gas (syngas) that can
be reinjected into the blast furnace in place of fossil fuels to Blast furnace
reduce iron ore. Since the amount of coal and coke needed
in steelmaking is reduced, this process helps to reduce
CO, emissions.

The syngas we need is made up of carbon monoxide (CO) and
hydrogen (H,). To form this, waste CO, is heated with natural
gas (CH,) to very high temperatures using a plasma torch -

a process called dry reforming.

In future, we hope to use bio-gas or waste plastics in place of
natural gas, furthering the use of circular carbon. And with the
plasma torch running on clean power, the entire process enables
substantial emissions reductions.

The IGAR project has seen a number of phases. Last year, to
overcome the corrosive effects of the high-temperature syngas
involved, our R&D labs in Maiziéres, France, developed both the
specialist metals and refractories needed.

Today in Dunkirk, France, ArcelorMittal is running a €20 million
project, supported by the French ADEME, to construct a plasma
torch. To test-use the hot syngas created by the plasma torch,

a pilot project is also running at the same plant.

Plasma torch

Electricity g Biogas

Plastics

13 Injection de Gaz Réformé
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ArcelorMittal strategy towards low-emissions steelmaking

feedstock for biotechnology. With our partner Lanzatech we

The carbon-intensive gas produced in ironmaking is an ideal
Cobon
are working on a family of novel recycled chemicals: Carbalyst® .

Carbalyst®: capturing carbon gas and recycling Figure 8: Carbalyst® technology
into chemicals

The waste gases that result from iron and steelmaking are Blast furnace
composed of the same molecular building blocks — carbon
and hydrogen — used to produce the vast range of chemical
products our society needs. Today most waste gas is
incinerated, resulting in CO, emissions.

e
With our partner Lanzatech, supported by the EU Horizon2020
Steelanol project, we are building the first large-scale plant to
capture the waste gas and biologically convert it into bio-ethanol,
the first commercial product of our Carbalyst® family of
recycled carbon chemicals. Thanks to a lifecycle analysis study,
we can predict a CO, reduction of up to 87% compared with
fossil transport fuels, so this bio-ethanol can be used to support
the decarbonisation of the transport sector as an intermediate
solution during the transition to full electrification. In the future,
we will expand the family of Carbalyst® products to other
biochemicals and biomaterials.

Construction started recently on a €120 million demonstration
facility in Ghent, Belgium. Once completed in 2020, the facility
will capture around 15% of the available waste gases at the
plant and convert them into 80 million litres of ethanol per year.
This result will be a CO, reduction equivalent to 100,000
electric vehicles or 600 transatlantic flights per year.

Carbalyst®
process
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We are integrating breakthrough technologies to bring down
the costs of capturing, purifying and liquefying CO, from our

waste gases. Liquid CO, can be made available to other
industries for reuse, or transported for storage underground.

Carbon2Value: capturing fossil fuel carbon for

Figure 9: fossil fuel carbon capture and storage
storage or reuse

Developing cost-effective technologies to capture and separate
CO, from our waste gases, and liquefy it for subsequent
transport and storage or reuse, could be key to the transition
to low-emissions steelmaking. Combining this with a circular
carbon energy input would further reduce CO, emissions

Blast furnace

A pilot plant to capture CO, has been built in Ghent, Belgium,
together with Dow Chemicals as part of the Carbon2Value
project supported by INTERREG2Seas."”

Additionally, at Dunkirk, France, a €20 million industrial pilot

to capture CO, using only low-temperature waste heat is under
construction with our partner IFPen, supported by the French
administration ADEME. This pilot project is aimed at achieving
the cost reductions required to make such processes
commercially viable.

Transportation

14 Interreg2Seas: North of France, Flanders, South of Netherlands and UK
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ArcelorMittal strategy towards low-emissions steelmaking

Abundant and affordable clean power would also enable
low-emissions steelmaking with ‘green hydrogen’. We are
preparing a demonstration project in Hamburg to test this
on a large scale.

H, Hamburg: reducing iron ore with hydrogen Figure 10: reducing iron ore with hydrogen

Today, in a Direct Reduced Iron (DRI) furnace fed with natural
gas (CH,), approximately 50% of the reaction comes from
hydrogen (HZ), and the remainder from carbon monoxide.
Technologies can be developed to increase the proportion

of hydrogen used up to 100%.

We are planning a new project at our Hamburg site to use
hydrogen on an industrial scale for the direct reduction of iron
ore in the steel production process. Project costs amount to

around €65 million. Waste gas
processing
The project will allow us to develop an understanding of how o

our existing DRI plants could take advantage of green hydrogen
(generated from renewable sources), should this become
available and affordable at some point in the future. While
theoretically the reduction of iron ore with pure hot hydrogen
is understood, a large number of practical roadblocks still exist.

Hydrogen
gas reduction

These can only be studied when the process is running on a large
scale, which has until now not been done due to the lack of
hydrogen infrastructure. Green

hydrogen
The process of reducing iron ore with hydrogen will first be

tested using hydrogen generated from gas separation. We aim

to achieve the separation of H, with a purity of more than 95%

from the waste gas of the existing plant, using a process known

as ‘pressure swing absorption”. In the future, the plant should

also be able to run on green hydrogen when it is available in

sufficient quantities at affordable prices.

The experimental installation at the Hamburg DRI plant will
demonstrate the technology with an annual production of
100,000 tonnes.
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Once affordable clean power is abundantly available, direct
electrolytic iron ore reduction becomes a very attractive route.
With the Siderwin project, we are building an industrial pilot.

Siderwin: reducing iron ore via electrolysis

In principle, iron can be reduced from iron ore (Fe,O, or Fe,0,)
through direct electrolysis. When iron ore is introduced into an
electrolytic bath (a bath with an electrical current running
through two electrodes), the iron (Fe) will be attracted to one
electrode and the oxygen (O) to the other.

Our R&D laboratories in Maiziéres, France, have developed
the first electrolytic cell prototype, proving the viability of
iron electrolysis. It also showed that the process can operate
in a highly flexible start/stop mode, ideal for power grids
dependent on large amounts of intermittent renewable power.
Moreover, our tests have shown that less power is required

than is needed to make hydrogen from water using electrolysis.

ArcelorMittal is the lead company of the Siderwin project, which
is further developing this technology. Together with 11 partners
and with €7 million funding from EU Horizon2020, a three-
metre industrial cell is under construction and various types

of iron ore sources (including waste sources) will be tested

With sufficient access to affordable clean power, the
development of this process will pave the way to zero-
emissions iron ore reduction

Figure 11: the Siderwin process

Electricity

Electrolytic bath

FORWARD
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6 Policy recommendations

ArcelorMittal advocates the development and
implementation of carbon regulations and market
mechanisms to enable the rapid deployment of
low-emissions steelmaking that will deliver the
global objectives of the Paris Agreement.

Global recommendations

1. Global level playing field. A global framework to create

a level playing field is needed to avoid the risk of carbon leakage,
for example, through green border adjustments. This is to
ensure that steelmakers bearing the structurally higher
operating capital costs of low-emissions technology can
compete with imports from higher-emissions steelmakers.

2. Access to abundant and affordable clean energy. Policies
giving the steel industry access to abundant and affordable
renewable electricity will be key to scaling up the Clean Power
pathway. For acceleration of the circular carbon pathway, the
steel industry requires priority access to biomass and waste.

3. Facilitating necessary energy infrastructure. In addition to
abundant renewable electricity, policies to support investments
in hydrogen infrastructure will be needed to advance large-scale
hydrogen-based processes. Similarly, for the Fossil Fuels with
CCS pathway, enabling policies are also important to accelerate
the development of carbon transport and storage infrastructure
and services.

4. Access to sustainable finance for low-emissions
steelmaking. The scale of the challenge requires an acceleration
of technology development and roll out. Breakthrough
steelmaking technologies need to be identified as a key priority
area for public funding.

5. Accelerate transition to a circular economy. Materials
policy should divert waste streams from landfill and incineration.
It should focus on driving recycling and reuse of all waste
streams and incentivise the use of waste streams as inputs in
manufacturing processes. It should reward products for their
reusability and recyclability.

Given that our most substantial climate-related risks are located
in the EU, we present specific policy recommendations for this
region in box 8.

Box 7: ResponsibleSteel™

ArcelorMittal has taken a leading role in forming
ResponsibleSteel™, the steel industry’s first multistakeholder
global certification initiative. ResponsibleSteel™ aims to give
businesses and consumers confidence that steel certified
under this standard has been sourced and produced
responsibly at all levels of the supply chain: from mining to
production processes, to final stage sales and distribution.
The certification standard includes requirements on carbon
alongside other air emissions, water responsibility,
biodiversity, human rights, labour laws, local communities,
business integrity and supply chain management.

The carbon standards within ResponsibleSteel™ are
undergoing consultation in 2019 and are expected to be

in line with the Paris Agreement. So whilst this initiative
will not compensate steelmakers for the structurally higher
costs of low-emissions steelmaking, it could play an
important role in driving the commitment of steel
companies to achieving the Paris objectives.
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Box 8: long-term EU climate policy recommendations for steel

To reduce the risk of carbon leakage, the EU Emissions Trading
Scheme (ETS) includes a system of free allocation of emissions
allowances. The amount of allowances allocated to each facility
is based on a benchmark, which should mean that the top 10%
best performing plants are not faced with additional carbon
costs. However, the benchmark currently determined for
integrated steel plants means that even the best performing
plant in the world must purchase emissions allowances.

In Phase 4 of the EU ETS, we could face an increase in marginal
production costs by around €50 per tonne of steel'> with €5
billion in potential cumulative costs as a result (see chapter 8).

At the same time, steel is also imported into Europe, often
from countries without a comparable carbon cost. This means
that EU producers absorbing the structurally higher structural
costs of breakthrough technologies are competing against
more carbon-intensive manufacturers with lower operating
costs. A recent study estimated that about a quarter of global
CO, emissions are embedded in products that are traded
across national boundaries, a substantial share of which
contain steel.'®

Without a green border adjustment, the lowest-cost approach
to reduce GHG emissions within the EU ETS is to import steel
from outside the EU (carbon leakage).

In addition to the global policy recommendations, therefore,
the following are needed in the European context:

1. Green border adjustment to ensure level playing field.
To incentivise long-term investments in carbon efficiency and
low-emissions technologies, a level playing field is an essential

first step. The best way to do this in the framework of the EU
ETS is to implement a green border adjustment, where steel
importers pay for the embedded CO, emissions of imported
steel at the same rate as European manufacturers. This would
safeguard the competitiveness of the European steel industry.
We are engaging with European governments on the
implementation of a green border adjustment, a position
also supported by the European Steel Association (Eurofer).

2. Access to abundant and affordable clean energy.

This is currently not available nor economically viable in
Europe. Improvements are therefore needed in the EU state
aid rules for energy and environment to enable the roll out
of low-emissions steelmaking.

3. Access to sustainable finance for low-emissions
steelmaking. Some of our current R&D projects are funded
by EU Horizon 2020. Accelerating and rolling out low-emissions
steelmaking will need further public funding through, for
example, the EU ETS Innovation Fund. Definitions of projects
eligible under the draft EU Sustainable Finance legislation
should consider their contributions to the low-carbon circular
economy. In particular, the development of smart circular
carbon loops should be incentivised.

4. Update the benchmark methodology for free allocation
in Phase 4 of the EU ETS to make it technically feasible.

5. Accelerate transition to a circular economy. EU climate
and materials policy should be integrated, taking a lifecycle
perspective to ensure that materials are used in as circular
way as possible.

15 Assuming an EU Emissions Allowance price of €25/t CO, and a carbon intensity of about 2 tonnes of CO, /t primary steel.
16 KGM, GEl and ClimateWorks Foundation (2018), The Carbon Loophole in Climate Policy.
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7 Carbon performance and targets

ArcelorMittal is making more primary steel, but emissions intensity

remains constant.

Carbon intensity improvements

The overall average carbon footprint intensity of all our
steelmaking routes was 2.12 tCO, per tonne of crude steel

in 2018."7 As shown in figure 14, this has remained relatively
stable since 2007 (although when looking at the sites we own
today that we operated in 2007, there is a 6% improvement
over the same period). During this period, the share of primary
steelmaking in our production increased from 73% to 78%

as we responded to changes in structural market demand.'®

Primary steelmaking using coke and coal to reduce iron ore is
more carbon-intensive than secondary steelmaking using scrap
powered with electricity. The increase in the primary:secondary
production ratio would, other things being equal, lead to an
increase in the average carbon intensity of our steel. However,
as shown in figure 14, this is not the case, and our carbon
intensity has remained relatively constant. During this period,
we have seen improvements in energy and yield efficiencies in
our primary steelmaking plants, and a reduction in the carbon
intensity of the electricity grid used in our EAF plants. These
two factors are effectively negated by the increased proportion
of primary steelmaking, leaving the overall average carbon
intensity of our steel in 2018 at a similar level to 2007.

By comparison, the global average carbon footprint intensity

is 1.83 tCO, per tonne of crude steel."” ArcelorMittal’s higher
average intensity is due to our higher use of the emissions-
intensive primary steelmaking route: in 2018, we used this
route for 78% of our steelmaking, compared to a global average
of about 72%.7°

Figure 13: carbon emissions and our changing portfolio

Steel Production
(million tonnes of crude steel)
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Average CO, intensity
(€O, /tonne of crude steel)

1004
80 /\/—\/\
60 2.0

404

20

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

== Average CO, intensity ' BF-BOF [l DRI-EAF Il EAF

17 This carbon intensity covers all plants which were in our operational control in the reporting year. Using worldsteel methodology, data covers scope 1 and
scope 2 CO, emissions, as well as those scope 3 emissions covering purchased pre-processed materials or intermediate products. Comparison is thus of CO,
emitted for each tonne of steel made within a uniform boundary, and may relate to a broader perimeter than is represented in other steel company data.

18 The financial crisis in 2007/8 led to a protracted decline in demand for steel, particularly from the construction industry in developed countries. In response,
we gradually reduced our steel production from EAFs in Europe and North America, which serve these markets. We have also seen a relative rise in the
demand for flat products over this time, which are mainly made from the primary BF-BOF route.

19 World Steel Association, Sustainable Steel: Indicators 2018 and industry initiatives.

20 World Steel Association, World Steel in Figures 2018.
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Our carbon target

Our total CO, footprint across our steelmaking sites was ArcelorMittal’s current target is to reduce our average carbon
194 million tonnes of CO, in 2018. ArcelorMittal also has footprint intensity by 8% by 2020 against a 2007 baseline.
mining activities which had a carbon footprint of nearly This target relates to those sites we operate today that we

9 million tonnes of CO, equivalent in 2018. owned back in 2007, and therefore excludes acquisitions

and divestments.

Our pursuit of this target since 2007 has focused on efficiency

and process improvements, many of which have been capital-
Figure 14: CO, emissions from steelmaking 2018 intensive (see chapter 5). By the end of 2018, we had achieved
(million tonnes) a 6% reduction since 2007.

Towards a new carbon target

We are now focusing on building a roadmap which will underpin
anew 2030 carbon reduction target for our steelmaking
operations. This will incorporate both the potential for further
technical efficiencies across our portfolio and a limited
deployment of breakthrough technologies from our

Scope 1: 167.35 innovation programme.

Scope 2:12.12

Scope 3: 14.65
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Carbon performance and targets

ArcelorMittal’s underlying carbon efficiency is improving.

Carbon efficiency

Steelmaking is dependent on a number of external factors
influencing the carbon footprint intensity of steel. In order

to understand the underlying carbon performance of our

sites, ArcelorMittal created an internal metric in 20072

This normalises the carbon inputs and outputs of each process
to understand the performance gaps between our different
sites. The sheer number of sites in our portfolio enables us to
use this metric to benchmark the carbon efficiency of each one.

This process standardises the major external factors that
influence carbon emissions such as raw material quality, scrap
and slag reuse, and the emissions intensity of national electricity
grids. These factors are mainly related to market forces and
government policies, which we have limited ability to change
while remaining competitive in the global steel market.

In the absence of these factors, our carbon efficiency metric
allows us to monitor the performance of our sites in relation
to those factors which we do directly control, such as the way
our staff manage and reuse energy and carbon onsite, and the
technologies we deploy.

The metric shows a 9% improvement in the carbon efficiency
of our sites since 2007, as shown in figure 16. This is mainly
due to our continued investment in process and efficiency
improvements. It is notably greater than the progress we have
made in our overall average carbon footprint intensity, which
is influenced by the external factors described above.

21 NB This is a different metric to that used for our carbon intensity target.

Figure 15: carbon efficiency improvement per tonne
hot rolled coil (2007=100)
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Summary of key metrics

Metric 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Steel production 113.9 102.3 734 925 92.2 88.6 90.9 934 92.7 90.4 9229 91.5
(Mt crude steel)

BF-BOF / DRI-EAF / 77:815 77:815 797115 78715 79814 79:813 79:813 80:8:12 81:7:11 85:6:9 84:7:9 83:7:10
scrap-EAF ratio

Total CO, emissions 244 227 164 201 194 189 195 196 198 193 196 194
(MtCO,) - steel only?#*

Scope 1 203 189 135 167 163 159 162 167 168 167 170 167
Scope 2 24 23 18 19 18 17 18 14 14 12 13 12
Scope 3 17 15 n 15 13 13 16 14 15 14 13 15
Avoided CO, emissions " 10 7 8 9 9 10 10 10 10 " 1
from slag used in cement
(MtCO,)
Avoided CO, emissions 53 44 33 4 40 38 40 40 38 35 38 37
from use of scrap steel
(Mtco,)
Average CO, intensity 214 222 2.25 218 210 214 214 210 214 214 212 212

(tCO, / t crude steel)™

Average BF-BOF CO, 2.44 254 2.57 248 238 2.40 2.41 2.35 237 233 23 233
intensity (tCO, /
t crude steel)

Average scrap-EAF CO, 0.74 0.67 0.65 0.66 0.67 0.66 0.70 0.63 0.61 0.53 0.60 0.66
intensity (tCO, /
t crude steel)

Change in crude steel 0.0% 3.3% 2.6% 0.3% -4.3% -4.1% -3.3% -5.8% -41% -5.2% -6.2% -5.6%
carbon intensity since

2007 (target - 8%

by 2020)

% sites below 13% 19% 22% 28% 31% 33% 30% 38% 38% 42% 50% 44%
ArcelorMittal carbon
efficiency benchmark

Approvals for energy - - - - - - - 180 i) 108 373 247
efficiency capital

investment projects

(million USD)*

22 Using worldsteel methodology, which ensures that CO, emissions for each tonne of steel are measured for the same set of steelmaking processes, whether or
not they are owned by the reporting company. )

23 Our mining footprint was under 9 million tonnes CO, equivalent in 2018.

24 The boundary for this metric covers all of our sites; it is different to the boundary for our carbon reduction target, which only includes sites we have owned
since 2007.

25 Before 2014, reporting on capex approvals was not broken down by type.
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8 Governance and risk

Board of Directors
Chaired by CEO and Chairman Lakshmi Mittal

The Board and Chairman have overall responsibility for the
governance and strategic direction of ArcelorMittal, which
includes taking into account the effects of climate change.
The Board has two committees with further oversight and
responsibilities on climate-related issues. Risks are also
considered by boards of subsidiaries worldwide.

Appointments, Remuneration, Corporate Audit & Risk Committee
Governance and Sustainability (ARCGS)
Committee Chaired by non-executive independent director

Chaired by lead independent director Karyn Ovelmen.

Bruno Lafont. The Audit & Risk Committee ensures that
the interests of the company’s shareholders
are properly protected in relation to risk
management, internal control and financial
reporting. It oversees both the identification

The ARCGS oversees the implications of
sustainability issues under five sustainability
pillars, of which one is climate change. The chair
Z: E:: ﬁs;fzﬂ?:klggr?n;l&z?y A Seassusesesasesssnssessse OLIISKS TOMWICH thies ArgeiorMittaI group is

: exposed, via regular senior management reports,
The Committee considers the implications of and the management response to these risks.
climate change for the business and oversees the
company’s strategic planning in response to the
risks and opportunities that arise. It receives
regular reports from senior management, led by
executive officer Brian Aranha, on stakeholder
expectations, the company’s low-emissions
technology strateqy, climate-related policy
engagement and carbon performance.

Risk identification and reporting

ArcelorMittal identifies, assesses and manages risks — including ~ The company uses a risk management framework based on

climate-related risks — on an ongoing basis. The group level a blend of a COSO, ISO 31000 and an in-house model. Sites
strategy, R&D and sustainable development functions, and assess risks by assigning them a probability of occurrence and
segment level experts where appropriate, assess social, a potential financial impact and/or non-financial consequence

environmental, regulatory, stakeholder and technological trends  such as environmental harm. The corporate risk officer works

on an ongoing basis. In the medium to long term, climate change  with the environment team to track and strengthen site-level
poses a number of risks to the business, as identified on pages understanding of environmental risks. The corporate risk officer
34-35. Key risks are analysed by building models and developing uses Monte Carlo simulations to conduct a stress-testing exercise
scenarios to understand potential financial impacts, such as our  for the consolidated top ten short-term risks above a $50 million
exposure to the EU ETS in Phase 4 materiality threshold. This exercise quantifies the financial impacts
for each top risk to an appropriate confidence level, and the

Short-term risks within a 12-month timeframe are identified outcome is shared with the Audit & Risk Committee.

through a bottom-up process by site management teams.
Business segments consolidate the identified risks and report
the top risks to the CEO office quarterly.
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Group executive management

The CEO office (chief executive officer, Mr. Lakshmi N. Mittal,

and president and chief financial officer, Mr. Aditya Mittal)

works closely with relevant executive officers and members

of the senior management on key strategic issues.

Executive officer Brian Aranha oversees the Group's strategy

on climate change and emissions reporting, as well as relevant

corporate functions covering strategy, technology, R&D,
communications and corporate responsibility.

Climate-related risks and group-level strategy are
discussed regularly at the group-wide management

committee. Responses are determined by each business
segment, on the basis of the markets they serve and
national or regional requlatory trends.

Business segment CEOs report quarterly to the CEO office
on climate change. Europe Flat Products currently faces the
most significant climate-related regulatory risk due to

its exposure to the EU ETS. Executive vice-president and
CEO ArcelorMittal Europe Flat Products, Geert Van Poelvoorde
reports on the strategy and performance of this business
segment.

Climate & Environment
Working Group

Investment Allocations
Committee

Chaired by executive
officer Brian Aranha.

Chaired by executive
officer Brian Aranha.

This committee also
includes VP technology
strategy and VP head of
strategy. This committee
makes capex decisions,
which includes investment
to improve environmental
performance, energy and
carbon efficiencies.

The group is responsible for
informing and shaping the
company’s climate change
strategy. Members of

the group include VP
government affairs, VP
corporate communications
& CR; VP head of strategy;
VP technology strategy;
GM, head of SD.

This group links to the
GBTC via VP technology
strategy.

Risk management and strategic planning

Climate-related trends and risks identified by management
are used to inform the company’s strategic outlook, led by
executive officer Brian Aranha. This is discussed on a reqular
basis by the Group management committee.

To develop our response to our longer-term climate-related
risks and opportunities, we assess long-term market trends
such as scrap metal availability, develop alternative low-
emissions technologies, undertake cost analysis of these
technologies, engage continuously with key stakeholders,
and analyse the implications of different levels of policy
support through the scenario analysis outlined in this report.

Government Affairs
Council

Global Breakthrough
Technology Council
(GBTC)

Chaired by Carl de Mare,
VP, technology strategy.

The GBTC consists of
regional/project based
R&D officers. GBTC
coordinates progress on
the low-emissions
technology programme.

Chaired by Frank Schulz,
VP government affairs.

This group is responsible
for aligning local climate
change policy strategies
with the overall Group
strategy. This ensures
consistent engagement
activities on climate-
related issues across
the Group.

Central to our approach to mitigating our key climate-related
risk — policy risk — is our adoption of a low-emissions technology
strategy. Integral to this is our work to engage policymakers

on supportive frameworks to enable significant emissions
reductions to be viable, as outlined in this report. At the same
time, all our business segments are required to prepare CO,
reduction plans as part of the annual planning cycle.

This report, and the assessment of the resilience of our business
to the transition and physical risks described in this report, has
been discussed and approved by executive officer Brian Aranha;
president, group CFO and CEO ArcelorMittal Europe Mr. Aditya
Mittal; lead independent director and ARCGS committee chair
Bruno Lafont; and chairman and CEO Mr. Lakshmi N. Mittal.
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At ArcelorMittal, we review our risk universe regularly, including specific climate-related risks. In summary, we have identified and
are managing the following top climate-related risks:

TRANSITION RIS

Policy &
Regulation

[~

Type & status

Our most substantial climate-related policy risk is the EU ETS, which
applies to all our European plants, making up 44% of our total capacity.
The risk concerns our primary steelmaking plants which are exposed to
this regulation and yet unprotected against competition from imported
steel. We have evaluated this risk against a carbon price of €15 per
tonne of CO,, and the cumulative risk exposure?® for our European
business over 2021 to 2030 stands at more than €3 billion, rising

to €5 billion under a carbon price of €25 per tonne of CO,.

We are also tracking carbon market policy developments in South
Africa, Mexico, Brazil, Kazakhstan and Canada, where a further 30%

of our production capacity resides. We consider that the financial risks
arising from these are less immediate. Furthermore, we are also closely
monitoring policy developments in the United States, which has shifted
from federal climate policy to more decentralised policies at the state
and local levels.

Response

We are developing a range of
low-emission technologies,
and many of these to
demonstration stage.
However, significant long-
term mitigation requires
supportive policies to ensure
the roll out of our low-
emissions technologies is
viable. We have analysed the
implications of different policy
and technology scenarios
(see chapter 4) and this has
informed our policy positions
outlined in chapter 6.

In the medium term, we are
developing an emissions
reduction roadmap to support
anew 2030 carbon target.

Reputation

@

Our stakeholders’ views on our response to the climate challenge affect
the ratings we receive from investors. In the context of the transition
to a low-emissions economy, our social licence to operate is defined

by several key factors including: our transparency on carbon emissions,
our ability to communicate on a complex subject, and our ability to
make a credible commitment to meeting the objectives of the

Paris Agreement.

We respond to CDP annually.
We also engage with
stakeholders on climate risk
issues and we hope that this
Climate Action Report helps
to build further understanding
of our climate-related
commitments and current
constraints.

Technology

@

As the world acts to mitigate GHG emissions, investments in
technological innovations such as Carbalyst® and Torero are vital to our
long-term resilience and competitiveness. The risk of these technologies
not becoming viable for us in the medium to long term is dependent on
the development of the technologies, the availability of investment to
implement them, access to sufficient renewable energy to support
them, and policies that promote these conditions. Novel technologies
require a long timeline to be scaled up. The risk is increased by the slow
and uncertain development of policies needed to create sufficient
incentives to exploit these opportunities. A key problem is that current
policies are based on a linear economic model; by contrast, the novel
technologies we are already advancing adopt a circular approach to
reusing resources and so both energy and materials policies need to

be integrated.

See chapter 4 on low-
emissions technology
pathways and policy scenarios.

See chapter 5 on
ArcelorMittal’s low-emissions
innovation programme.

26 Non discounted with current technologies
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TRANSITION RISKS Type & status Response

Market We have faced the risk of substitution from competing materials We continue to grow
displacing steel in particular applications. We have seen this from opportunities in all these
aluminium and cement due to an excessive focus on emissions from markets, for example via our
products in their use phase only (where the lightest weight wins) S-in motion® and Steligence
rather than on a whole lifecycle basis (cradle to grave). However, programmes (see page 5).

as customers deepen their understanding of embedded and lifecycle
emissions of the materials, steel compares favourably, and so we see
this risk diminishing.

With the switch to electric vehicles, we see opportunities for
high-strength steels for battery protection and electrical steels.

We also project that the move to wind and solar power generation
will require more steel per unit of electricity generated compared

to conventional technologies.

PHYSICAL RISKS Type & status Response

Acute Adverse weather events, such as extreme low temperatures in North Our risk management process

physical risks America, very high winds in Europe and flooding in Spain have on enables us to build resilience at
occasion hampered our supply and distribution routes. Our Calvert JV our plants and in supply chains
plant is in an area prone to hurricanes and tornadoes, and wildfires are where extreme events already
arisk to our sites in Kazakhstan and South Africa. With 3 to 4°C of occur; this may need further
warming, hurricanes are projected to increase in intensity — along with development where extreme
associated increases in heavy precipitation — but not in frequency. events are currently rare,

but may be more frequent
or intense in the future.

Chronic Water is crucial to our steelmaking processes and where plants are in Where these risks exist, such
physical risks areas of water stress, this is even more important. Some facilities are as in South Africa and Brazil,
at risk of being affected by long periods of drought conditions. we have developed local
resource management plans
to ensure that operational
water requirements can be

met. We are fully engaged with
local stakeholders on this issue.
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9 Alignment with TCFD recommendations

Further information

TCFD Recommended Disclosures Chapter (where applicable)

Governance

A) Describe the board’s oversight of climate-related risks and 8
opportunities.

B) Describe management's role in assessing and managing risks 8 2018 CDP Climate Change
and opportunities. response C1.2

Strategy

A) Describe the climate-related risks and opportunities the 2,3,8 2018 CDP Climate Change
organisation has identified over the short, medium, and response C2.1, C2.2¢, C2.3a,
long term. C2.4a

B) Describe the impact of climate-related risks and 58 P13 - 15 Form 20f Ite!;g 3
opportunities on the organisation’s businesses, strategy, Section D. Risk Factors
and financial planning 2018 CDP response C2.3,

C25,C26
C) Describe the resilience of the organisation’s strategy, 4 2018 CDP response C3.1

taking into consideration different climate-related scenarios,
including a 2°C or lower scenario.

Risk Management

A) Describe the organisation’s processes for identifying and 8 2018 CDP response C2.2b
assessing climate-related risks.

B) Describe the organisation’s processes for managing 8 2018 CDP response C2.2d
climate-related risks.

C) Describe how processes for identifying, assessing, and 8
managing climate-related risks are integrated into the
organisation’s overall risk management.

Metrics and Targets

A) Disclose the metrics used by the organisation to assess 7 2018 CDP response C4.1b
climate-related risks and opportunities in line with its
strategy and risk management process.

B) Disclose Scope 1, Scope 2, and, if appropriate, Scope 3 7 2018 CDP response C5.1,
greenhouse gas (GHG) emissions, and the related risks. C€6.1,C6.3,C6.5
C) Describe the targets used by the organisation to manage 7 2018 CDP response C4.1b

climate-related risks and opportunities and performance
against targets.

27 https://corporate.arcelormittal.com/~/media/Files/A/ArcelorMittal/investors/20-f/2018/form-20f-2018.pdf
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10 Annex 1: The steelmaking process

Steel is a material that consists almost completely of iron, with
small shares of carbon and even smaller shares of other elements
such as manganese and nickel. Today, steel is primarily made using
two different technologies: the integrated steel plant and the
electric arc furnace (EAF).

We use an integrated steel plant to make primary steel

(i.e. virgin steel) mostly from iron ore, which is extracted

from mines, and a small share of scrap steel. As iron ore —

a compound made up of iron and oxygen — is found in nature,

it is chemically a very stable compound. Iron is not alone in this
respect — most metals from aluminium to uranium are found in
nature bound to oxygen. In primary steelmaking, we use energy
and carbon to separate iron from oxygen in a blast furnace, and
in subsequent steps, we adjust the product chemically and
physically into the final desired form with characteristics such
as strength, flexibility and corrosion tailored to the needs of the
end user.

In contrast, in an electric arc furnace (EAF), we use scrap steel
and/or scrap substitutes such as direct reduced iron (DRI)

We melt these materials using electrical energy, thus entirely
replacing all of the steps up to and including the energy-
intensive blast furnace. Similar to the integrated steel plant
route, we cast, and then shape or roll the liquid steel produced
from the EAF into its final form.

These two steelmaking routes are outlined in more detail on the
following two pages.
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The steelmaking process

Figure 16: steelmaking at an integrated steel plant (using iron ore)

Main inputs

Coke oven

=

Sintering
plant

Pulverised coal

Blast
furnace

Integrated steel plant

Preparation of materials for the
blast furnace

The first steps in the primary steelmaking
route are to prepare the materials used

in the blast furnace - coke and sinter.
Coke is a material high in carbon made

by heating metallurgical coal at high
temperatures in a coke oven in the
absence of oxygen. The process of
making coke also results in the production
of a hydrogen-rich synthetic gas (coke
oven gas) which we can use as an energy
source to heat coke ovens. Alternatively,
we can use blast furnace gas to heat the
coke oven. Combustion of these gases

in the coke oven creates CO,.

Sinter is an agglomeration which is
produced from a mixture of all kinds of
iron ores, coal and coke particles. We
ignite the coal/coke particles in the
mixture using coke oven gas, blast
furnace gas or natural gas. This results in
sinter cake, which we later crush and cool.
CO, is a by-product of the sinter plant.
Sinter accounts for about 70 to 90% of
the metals loaded into the blast furnace;
the remaining part of the burden consists
of pellets and lump ore.

Ironmaking in the blast furnace

In the blast furnace, we load sinter, coke
and lime into the top, and we inject hot air
from the bottom. We also inject pulverized
coal into the blast furnace to reduce the
amount of coke used, which reduces costs
as well as CO, emissions. The hot air reacts
with the coke and coal to form carbon
monoxide (CO), which is the reducing
agent that separates the elements of iron
ore: iron and oxygen. When CO extracts
oxygen from iron ore, CO, is formed.
Carbon is therefore essential in the
integrated steel plant and CO, is an
inevitable by-product of the chemical
reactions. The waste gases from the
process contain equal amounts of CO and
CO,, as well as hydrogen and nitrogen.

Heat is also generated in the blast
furnace, which is essential to melting the
reduced iron ore to form liquid hot metal
(molten iron). The impurities react with
lime to produce slag, which floats on top
of the liquid hot metal and contains
impurities in the iron ore, coke and coal
ash. Slag has a chemical composition
similar to clinker, which is used to make
cement. This means that slag can be used
as a substitute for clinker.

CONTENTS PREVIOUS BACK. FORWARD

Main outputs

1 tonne steel

2.3 tonne CO,*

Waste gases

slag

*Source:
Energy Transitions.
Commission

Steelmaking in a basic oxygen furnace

To make steel, we need to adjust the
chemical composition of the liquid hot
metal in a basic oxygen furnace (BOF).
We charge the furnace with 15-25%
scrap steel and 75-85% liquid hot metal.
We also inject oxygen into the furnace,
which reacts with carbon and other
impurities in the liquid hot metal. In the
BOF, the process converts the impurities
into slag, which floats on top of the liquid
steel, and into waste gases (or BOF gas),
which mostly consists of CO.

We tap the liquid purified steel into a steel
ladle, where we can further adjust the
steel chemistry. We then transport it to

a continuous caster for casting and we
further shape or roll the steel into its

final form. Various finishing or coating
processes may follow this casting and
rolling. The steel slag is tapped into
another vessel to be cooled down and
prepared for external use.
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Figure 17: EAF steelmaking (using scrap or DRI)

Main inputs

®

Electric arc furnace

Electricity

Electric arc furnace

Most electric arc furnaces (EAFs)

are charged with scrap steel to make
secondary or recycled steel. As the
process is mainly one of melting scrap
steel using electricity and not separating
iron from oxygen, carbon'’s role is not as
dominant as it is in the integrated steel
plant. In an EAF, direct CO, emissions are
mainly associated with the consumption
of the carbon electrodes, and indirect
CO, emissions are produced from the
carbon intensity of the electricity grid.
As with the integrated route, slag is also
a by-product of EAF steelmaking

Main outputs Main inputs

1 tonne steel

0.4 tonne CO,*

Slag

Natural gas

The quality of secondary steel produced
by the EAF route is primarily limited by
the quality of the metallic raw materials
used in steelmaking, which in turn is
affected by the availability of high-quality
scrap. As described in chapter 3, we
currently do not have enough scrap to
meet demand for steel. This means that
today, it is most efficient to make lower
grades of steel in an EAF, which have
fewer constraints on impurities.

28 World Steel Association (2018), Stee/ Statistical Yearbook 2018.

CONTENTS PREVIOUS BACK. FORWARD

Main outputs

®

Electric arc furnace

1 tonne steel

1.5 tonne CO,*

Slag

*Source:
Energy Transitions.
Commission

We can also charge EAFs with DRI. DRI is
made by reducing iron ore (i.e. separating
iron and oxygen) using natural gas;
by-products of the process include CO,.
Steel made using this route can reach the
qualities obtained by an integrated steel
plant, since DRI has fewer impurities than
scrap steel. In 2017, DRI accounted for
about 7% of primary iron production, with
the remainder of iron produced via the
blast furnace route.?®
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1T Annex 2: Glossary

Basic oxygen steelmaking

The process whereby hot metal and steel scrap are charged into a Basic oxygen furnace (BOF).
High purity oxygen is then blown into the metal bath, combining with carbon and other elements
to reduce the impurities in the molten charge and convert it into steel.

Blast furnace (BF)

A large cylindrical structure into which iron ore is combined with coke and limestone to produce
molten iron.

Circular carbon

Circular carbon energy sources include bio-based and plastic wastes from municipal and industrial
sources and agricultural and forestry residues. The term may also refer to the reuse of carbon in
circular flows throughout the economy, for example, in the production of plastics made from
waste carbon.

Coal The primary fuel used by integrated iron and steel producers

Coke A form of carbonised coal burned in blast furnaces to reduce sinter, iron ore pellets or other
iron-bearing materials to molten iron.

Coke ovens Ovens where coke is produced. Coal is usually dropped into the ovens through openings in the
roof, and heated by gas burning in flues in the walls between ovens within the coke oven
battery. After heating for about 18 hours, the end doors are removed and a ram pushes the
coke into a quenching car for cooling before delivery to the blast furnace.

Crude steel Steel in the first solid state after melting, suitable for further processing or for sale. Synonymous

with raw steel.

Direct reduction

Afamily of processes for making iron from ore without exceeding the melting temperature.
No blast furnace is needed.

Electric arc furnace (EAF)

A furnace used to melt steel scrap or direct reduced iron.

Iron ore The primary raw material in the manufacture of steel made up of iron and oxygen.

Limestone Used by the steel industry to remove impurities from the iron made in blast furnaces.
Magnesium-containing limestone, called dolomite, is also sometimes used in the purifying process.

Pellets An enriched form of iron ore shaped into small balls.

Pigiron High carbon iron made by the reduction of iron ore in the blast furnace.

Sintering A process which combines ores too fine for efficient blast furnace use with flux stone.

The mixture is heated to form lumps, which allow better draught in the blast furnace.
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The Energy Transitions Commission

The Energy Transitions Commission (ETC) brings together a diverse group of
leaders from across the energy landscape: energy producers, energy users,
equipment suppliers, investors, non-profit organizations and academics
from the developed and developing world. Our aim is to accelerate
change towards low-carbon energy systems that enable robust economic
development and limit the rise in global temperature to well below 2°C and
as close as possible to 1.5°C.

The ETC is co-chaired by Lord Adair Turner and Dr. Ajay Mathur. Our
Commissioners are listed on the next page.

The Mission Possible report was developed by the Commissioners with the
support of the ETC Secretariat, provided by SYSTEMIQ. It draws upon a set
of analyses carried out by Material Economics, McKinsey & Company,
University Maritime Advisory Services and SYSTEMIQ for and in partnership
with the ETC, as well as a broader literature review.

Emerging findings were subject to a six-month consultation process through
which we received inputs from nearly 200 experts from companies, industry
initiatives, international organizations, non-governmental organizations and
academia. We warmly thank them for their contributions.

This report constitutes a collective view of the Energy Transitions Commission.
Members of the ETC endorse the general thrust of the arguments made

in this report, but should not be taken as agreeing with every finding

or recommendation. The institutions with which the Commissioners are
affiliated have not been asked to formally endorse the report.

The ETC Commissioners not only agree on the importance of reaching
net-zero carbon emissions from the energy and industrial systems by
mid-century, but also share a broad vision of how the transition can be
achieved. The fact that this agreement is possible between leaders from
companies and organizations with different perspectives on and interests in
the energy system should give decision-makers across the world confidence
that it is possible simultaneously to grow the global economy and to limit
global warming to well below 2°C, and that many of the key actions to
achieve these goals are clear and can be pursued without delay.

Learn more at:

www.energy-transitions.org
www.facebook.com/EnergyTransitionsCommission
www.linkedin.com/company/energy-transitions-commission
www.iwitter.com/ETC_energy



Our Commissioners

Laurent Auguste
Senior Executive Vice President, Innovation and
Markets, Veolia

Pierre-André de Chalendar
Chairman and CEO, Saint-Gobain

Dominic Emery
Vice President, Group Strategic Planning, BP

Will Gardiner
CEO, DRAX

Didier Holleaux
Executive Vice President, ENGIE

Chad Holliday
Chairman, Royal Dutch Shell

Gopi Katragadda
Chief Technology Officer and Innovation Head,
Tata Sons

Zoe Knight
Managing Director and Group Head, Centre of
Sustainable Finance, HSBC

Jules Kortenhorst
CEO, Rocky Mountain Institute

Rachel Kyte
Special Representative to the UN Secretary-
General; CEO, Sustainable Energy For All

Mark Laabs
Managing Director, Modern Energy

Richard Lancaster
CEO, CLP Holdings Limited

Alex Laskey
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President and CEO, Statnett

Ajay Mathur
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Resources, European Bank for Reconstruction and
Development
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Mahendra Singhi
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(Bharat) Limited
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Adair Tumer
Chair, Energy Transitions Commission
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Lei Zhang
CEO, Envision Group

Changwen Zhao

Director General, Department of Industrial
Economy, Development Research Center of the
State Council of China

Cathy Zoi
CEO, EVgo

o
=]
2
c
o
(%]
s
E
>
£
”
o
[
9
(%
(]
a
(]
L
o]
Q2
o]
o
©
[
T
o
o]
£
E
2
«
c
]
.V'
2
£
o
(-4
o
e
o
o
o
o
o
N
-
[]
c
(o)
£
L
o
o]
[
(-

Mission Possible



185

ISSION POSSIBI_E CARBON EMISSIONS
WEL; Egow To limit global warming to well below 2°C and as NET-ZERO CO2

close as possible fo 1.5°C, the world must reach BY MID-CENTURY
net-zero CO; emissions by mid-century.

THE BIGGEST CHALLENGE IN MEETING THE PARIS AGREEMENT LIES IN THE MAJOR HARDER-TO-ABATE SECTORS

Technologies are It will cost less than

commercially ready 0.5% of global GDP.
or at research phase.

THERE ARE THREE MAIN ROUTES TO DECARBONIZATION

IMPROVING
ENERGY
EFFICIENCY

REDUCING DEMAND FOR CARBON-INTENSIVE PRODUCTS & SERVICES
Potential reduction of CO, emissions from:

B ©00eeesdds wz i,
il 0000000000 207 Tt

efficiency

4 MAIN DECARBONIZATION TECHNOLOGIES:

o\ _ _ B

DEPLOYING DECARBONIZATION
TECHNOLOGIES ACROSS ALL SECTORS

massive priorifized and combined with major role,

tightly use or storage: leading fo a 7-11x
leading fo a use, progressively  essential but demand increase,
power demand focused on limited role achievable
increase by aviation and (5-8 GICO, per through three

4-6x plastics feedsfock  annum) production routes



The Paris climate agreement committed the world
to limit global warming to well below 2°C and keep
it as close as possible to 1.5°C above preindustrial
levels. The latest IPCC report! has warned the
world of the major negative impacts on humanity
and the planet of a rise in global temperatures of
1.5°C, and the even more dramatic consequences
of 2°C global warming. It therefore urges the world
to aim for 1.5°C and recommends achieving net-
zero COz emissions globally by 2050.

The Energy Transitions Commission (ETC) - a
codlition of business, finance and civil society
leaders from across the spectrum of energy
producing and using industries - supports the
objective of limiting global warming ideally to
1.5°C and, at the very least, well below 2°C.

To achieve even the 2°C goal, and to have any
chance of reaching the aspired 1.5°C limit, it

is essential for energy and industrial systems to
achieve net-zero CO2 emissions within themselves —
i.e. without permanently relying on offsets from the
land use sector. The ETC strongly believes that this is
achievable by 2050 in developed economies and
2060 in developing economies2.

This is an imperative, but also a major opportunity.
As the New Climate Economy has demonstrated,
the new economic model required to avoid harmful
climate change will also drive rapid technological
innovation, increase resource productivity,

create jobs in new industries and deliver local
environmental benefits which increase quality of life.

Action over the next decade will be vital, both to
deliver the early emissions reductions needed to limit
the growing stock of COz in the atmosphere, and to
make it possible to reach net-zero emissions from the
energy and industrial systems by mid-century.

Achieving net-zero CO2 emissions from the
energy and industrial systems will require rapid
impi its in energy effici y combined
with the rapid decarbonization of power and

the gradual electrification of as much of the
economy as possible3, mainly light-duty road
transport, manufacturing, and a significant part

of residential cooking, heating and cooling. In the
Energy Transitions Commission's first report — Better
Energy, Greater Prosperity — published in April 2017,
we focused on these challenges. In particular, we
demonstrated that dramatic reductions in the cost

1 IPCC (2018), Global warming of 1.5°C
2
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of renewable electricity generation and of energy
storage options now make it possible to plan for cost-
competitive power systems which are nearly entirely
dependent on wind and solar (e.g. at 85-90%)4.

However, to reach a fully decarbonized economy,
we must also reduce and eventually eliminate
emissions from what we have labelled the “harder-
to-abate” sectors in heavy industry (in particular
cement, steel and chemicals) and heavy-duty
transport (heavy-duty road transport, shipping and
aviation). These sectors currently account for 10Gt
(30%) of total global CO2 emissions, but, on current
trends, their emissions could account for 16Gt by
2050 and a growing share of remaining emissions
as the rest of the economy decarbonizess. To date,
many national strategies — as set out in Nationally
Determined Contributions (NDCs) to the Paris
agreement — focus little attention on these sectors.

Over the last year, the ETC has therefore focused
on defining a path to net-zero CO; emissions in

the harder-to-abate sectorsé. The good news is

that this is technically possible by mid-century at

a cost to the economy of less than 0.5% of global
GDP with a minor impact on consumer living
standards. The technologies required to achieve
this decarbonization already exist: several still need
to reach commercial viability; but we do not need
to assume fundamental and currently unknown
research breakthroughs to be confident that net-
zero carbon emissions can be reached. Moreover,
the cost of decarbonization can be very significantly
reduced by making better use of carbon-intensive
materials (through greater materials efficiency and
recycling) and by constraining demand growth for
carbon-intensive transport (through greater logistics
efficiency and modal shift).

However, this vital and technically possible
transition will not be achi d unless policymaker
i tors and busil jointly take i diat

and forceful action fo transform economic systems.

This report therefore describes in turn:

A. Why reaching net-zero CO2 emissions from
harder-to-abate sectors is technically and
economically feasible (p.8);

. How to manage the transition to net-zero CO»
emissions in heavy industry and heavy-duty
transport (p.20);

C. What policymakers, investors, businesses and

consumers must do to accelerate change (p.24).

=}

If the world is fo be net-zero CO, emissions by mid-century, negative emissions from the land use sector will therefore be needed during the transition
period to compensate for remaining emissions from the energy and industrial systems in the 2050s.

Energy Transitions Commission (2017), Better Energy, Greater Prosperity
IEA (2017), Energy Technology Perspectives

oaw

The pace of electrification will need to be adapted to the pace of power decarbonization, as explained on page 15.

Throughout this report, the ETC presents quantifications whose aim is fo identify likely orders of magnitude that can inform policy and investment, rather

than develop a scenario and suggest that precise prediction is possible. In particular, the ETC's ilustrative pathway assesses the implications for the

energy system of an ilustrative mix of suppl and

solutions by
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A. MISSION POSSIBLE:
REACHING NET-ZERO
CO2 EMISSIONS FROM
HARDER-TO-ABATE
SECTORS IS TECHNICALLY
AND ECONOMICALLY
FEASIBLE

Itis technically possible to d bonize all the
harder-to-abate sectors by mid-century at a total
cost of well less than 0.5% of global GDP. Three
complementary sets of actions are required:

m Limiting demand growth — which can greatly
reduce the cost of industrial decarbonization
and, to a lower extent, of heavy-duty transport
decarbonization;

m Improving energy efficiency — which can enable
early progress in emissions reduction and reduce
eventual decarbonization costs;

= Applying d bonization technologies? — which
will be essential to eventually achieving net-zero
CO; emissions from the energy and industrial
systems.
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REACHING NET-ZERO CO, EMISSIONS
FROM HEAVY INDUSTRY

Demand mar terials effici
and circularity

t through

A more circular economy can reduce COz
emissions from four major industry sectors
(plastics, steel, aluminum and cement) by 40%
globally, and by 56% in developed economies like
Europe by 20508 [Exhibit 1]. This entails two major
developments: (i) making better use of existing
stocks of materials through greater and better
recycling and reuse and (i) reducing the materials
requirements in key value chains (e.g. transport,
buildings, consumer goods, etc.) through improved
product design, longer product lifetime, and new
service-based and sharing business models (e.g.
car sharing).

m Primary plastics production could be reduced
by 56% versus business as usual, through more
extensive mechanical and chemical recycling,
and reduced use of plastics in key value chains.
Primary steel production could be cut by

37% versus business as usual levels, through
reduced losses across the value chain, reduced
downgrading in the recycling process, greater
reuse of steel-based products, and a shift to new
car-sharing systems.

A more circular economy can cut emissions from the harder-to-abate sectors

in industry by 40% by 2050

Global emissions reductions potential from a more circular economy

Gt CO, per year

r -40%

Aluminum
M Plastics
M steel
20 M Cement

Current practice
scenario

Source: Material Economics analyss for the Energy Transifions Commission (2018)

Exhibit 1

We use the ferm fo describe

Materials circulation Product circulation

Circular
scenario 2050

that reduce

carbon emissions by unit of product or service

delivered through fuel/feedstock switch, process change or carbon capture. This does not entail a complete elimination of CO; use. First, the use of
biomass or synthetic fuels can result in the release of CO, previously sequestered from the atmosphere through biomass growth or direct air capture.
Second, CO, might still be embedded in the materials (e.g. in plastics). We exclude energy efficiency technologies from the scope of “decarbonization

, as they are aratel

8 Material Economics analysis for the Energy Transitions Commission (2018)



Primary aluminum production could be cut
by 40% through the same mix of approaches
appliedin steel.

In cement, recycling opportunities are more
limited, but improved building design could
reduce total demand by 34%.

Capturing these opportunities will require major
changes to product design and to relationships
between companies operating at different points
in value chains. Strong policies are required to
create incentives for these changes.

Energy efficiency

In the industrial sectors, opportunities for energy
efficiency improvement within existing processes
(through advanced production techniques or the
application of digital technologies) can enable
short-term emissions reductions. They are unlikely to
exceed 15-20% of energy consumption, but will be
essential o reduce emissions from existing, long-
lived industrial assets, in particular in developing
countries.

Decaibsrirstishlechnsleas

In each industrial sector, there are four main
pathways to the decarbonization of production:
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Using hydrogen as a heat source oras a
reduction agent, in the case of steel and
chemicals production, with zero-carbon
hydrogen derived from electrolysis (which will
likely be the predominant route in the long term)
or near-zero-carbon hydrogen derived from
steam methane reforming (SMR) with carbon
capture?;

Direct electrification of industrial processes,

in particular the generation of high
temperature heat;

The use of biomass as an energy source for
heat production, as a reduction agent in steel
production or as a feedstock in particular for
plastics production;

Carbon capture, combined with either use or
underground storage.

In each of the industrial sectors, the most cost-
effective route to decarbonization will likely vary by
specific locations depending on local resources.

In particular, the choice between the electricity-
based routes and either biomass or carbon
capture options will be strongly influenced by the
price at which zero-carbon electricity is available
locally0 [Exhibit 2].

Whether electricity-based decarbonization is cheaper than a carbon capture
route will be strongly driven by the electricity price

Cheapest supply-side decarbonization route for primary production depending on elecfricity price

US$/MWh

Greenfield
Brownfield
“ o
Brownfield
Greenfield

Ethylene
Brownfield

M Electricity
Carbon capture
I Electricity-based hycrogen

Electricity price

°

10 20 30

50 6 70 ag HEHMIR

Note: Biomass may be lower cost in some geographies but is not considered as a priority option due to limited availablity
Source: McKinsey & Company (2018), Decarbonization of the indusfiial secfors: the next fronfier

Exhibit 2

o

sustainable biomass supply.

s

Zero-carbon hydrogen could also theoretically come from biomethane reforming, although this route s unlikely to play a major role given constraints on

Exhibit 2 only presents the frade-off between the electricity-based route and carbon capture at different electricity prices. The cost of carbon capture,

when combined with underground storage, may vary depending on location. Biomass may be lower cost in some geographies, but is not considered as

a priority option due fo limited availabilty.
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Regardless of the route, our analysis makes us
confident that it will be possible to decarbonize
the harder-to-abate industrial sectors at costs

per tonne of CO2 saved of US$40 or less for steel,
US$130 or less in cement, and US$300 or less in the
case of plastics (ethylene production).

REACHING NET-ZERO CO, EMISSIONS
FROM HEAVY-DUTY TRANSPORT
Demand jisti
and modal shifts

Opportunities to reduce demand growth are more
limited in the transport sectors than in the industrial
sectors, as freight transport is driven by global
economic growth and passenger transport by
higher mobility demand in emerging economies.
Nonetheless, a combination of greater logistics
efficiency and modal shifts — from trucking to rail
and shipping, and from short-haul aviation to high-
speed rail - might still deliver up to 20% reduction in
CO2 emissions [Exhibif 3].

1t through | efficiency

189

Energy efficiency

There are significant opportunities to improve
energy efficiency by 35-40% in the transport
sectors without radical changes in technology, and
potentially more with technology breakthroughs.
This potential will be particularly important in
shipping and aviation, given the long lifetime

of planes and ships: potential energy efficiency
improvements in engine and vessel/airframe
design could very significantly reduce the cost of
switching to a new fuel.

Decarbonization technologies

The predominant route to full decarbonization and
the costs incurred will likely be significantly different
for heavy road transport than for shipping and
aviation [Exhibit 4].

m In heavy road transport, electric drivetrains will
almost certainly eventually dominate given their
efficiency advantage over internal combustion
engines, with energy storage either in battery
or hydrogen form. Electric trucks are likely to
become cost-competitive with diesel or gasoline
vehicles during the 2020s. As a result, any role for
biofuels and natural gas will and should be only
fransitional.

Demand management can cut emissions from the harder-to-abate sectors in

transport by 20% by 2050

Global emissions reductions potential from demand management

Gt CO, per year, 2050

i 20%
8.2
o 0.6
17 o 03 M shipping
o5 M Aviation
————— Heavy-road
1.8 1.7
1.5
4.6
33
Current practice Modal shift Reduced demand Logistics and Demand
scenario (IEA RTS) Operational management
efficiency scenario

Source: SYSTEMIQ analysis for the Energy Transitions Commission (2018)

Exhibit 3



= In both shipping and aviation, electric
using battery or hydrogen energy storage will
likely play a role in short-distance transport. But,
unless and until there is a major breakthrough
in battery density, long-distance aviation will
probably rely either on bio jet fuel or synthetic
jet fuel, while long-distance shipping will likely
use ammonia or (to a lower extent) biodiesels!!
in existing engines. Since these fuels will likely
be more expensive than existing fossil fuels,
decarbonization costs could be US$115-230 per
tonne for aviation and US$150-350 for shipping,
although technological progress and economies
of scale could reduce these costs over time.

MINIMAL COSTS TO THE ECONOMY AND
TO CONSUMERS

Cost to the global economy

Estimated marginal costs of abatement, based

on already proven decarbonization technologies,
vary greatly by sector; but, in most of the harder-to
abate sectors, they are significant [Exhibit 5].

Even with these costs, and even if demand grows in
line with business-as-usual forecasts, the maximum

190

additional cost of decarbonized heavy industry
and heavy-duty transport would only be 0.5% of
global GDP by mid-century [Exhibit 4]. The cost of
running a net-zero-COz-emissions economy would
be well less than 1% of GDP.

These costs are dominated by four sectors.

Within industry, cement will be relafively costly to
decarbonize because of process emissions, but

so too will plastics, given the need to eliminate
both production and end-of-life emissions. Within
transport, aviation and shipping will be relatively
costly to decarbonize, whereas shifting to battery
electric or hydrogen fuel-cell trucks is likely to entail
minimum costs given the inherent energy efficiency
advantage of electric engines!2,

These decarbonization costs could be significantly

reduced by three factors:

= Lower renewable energy costs: If zero-carbon
electricity was available at US$20/MWh
across the world (instead of US$40/MWh),
decarbonizing heavy industry would cost 25%
less. Similarly, the cost of decarbonizing shipping
and aviation would fall by 55% if the additional
cost of biofuels or synfuels could be brought
down to US$0.30 per litre (instead of US$0.60

Electric drivetrains will dominate in heavy-road transport and short-haul shipping and aviation

Most probable option for short haul

Most probable option for long haul

%
Heavy-road B Batfery electic
enteer vehicles
Battery elecric vehicles
or Fuskcell electric
. vehicles

Battery electric vehicles
or Fuekcell electric

Aviation
. vehicles

Source: SYSTEMIQ analysis for the Energy Transitions Commission (2018)

@m

Exhibit 4

Hﬁ Battery electric vehicles
(with or without catenary wiring)

or Fuekcell elecic vehicies

<

e e
| Biofuels or Synfuels

Biofuels or Synfuels

11 Given constraints on the sustainable supply of biomass, bioenergy use should indeed be limited in sectors where alternative low-carbon fuels exit.
12 BEVs and FCEVs will, however, demand infrastructure investment addressed later in this report.
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per litre). Overall, lower renewable energy
prices could reduce the total cost to the global
economy from 0.45% to 0.24% of global GDP.
Demand management: Greater recycling

and reuse of materials within a more circular
economy, combined with logistics efficiency
and modal shifts in fransport sectors, could
reduce the decarbonization costs for harder-to-
abate sectors by 40-45%, bringing them down to
0.15-0.25% of global GDP.

Future technological development: History tells
us that learning curve and economies of scale
effects often reduce technology costs by more
than anticipated, and that new technologies
emerge which could not be anticipatedin
advance. If this occurred in the future, the

cost of decarbonization could be dramatically
reduced. For instance, the cost of decarbonizing
cement could be far lower if learning curve and
scale bring down the cost of carbon capture,
and the cost of decarbonizing aviation and
shipping would be far lower if dramatic battery
density improvements allowed a greater role for
electrification.

191

Analysis of total capitalinvestment needs further
confirms that di rb atan
affordable cost.

m In the industrial sectors, totalincremental capital
investment from 2015 o 2050 could amount fo
US$5.5 to US$8.4 trillion13, representing about
0.1% of aggregate GDP over that period and
less than 0.5% of probable global savings and
investments.

In heavy-road transport, European Commission
estimates suggest that the investments

required for recharging or hydrogen refueling
infrastructure would be less than 5% of business-
as-usual investment in transport infrastructure4.
In the aviation and shipping sectors, if
decarbonization is achieved primarily via the
use of zero-carbon fuels in existing engines, no
major incremental capital investment would be
needed.

ization is achi

Investments in infrastructure and industrial assets
required to transition heavy industry and heavy-
duty transport to net-zero CO2 emissions are
therefore not large compared to global savings
and investment, and there is no reason to believe
that shortage of finance will constrain the path

to net CO; emissions if adapted financing
mechanisms are developed.

Costs of supply-side decarbonization vary greatly by sectors

Supply-side abatement costs by sector in low-cost and high-cost scenarios

Us$/tonne CO.

<

Cemen

Ethylene

Heavy-road
fransport

HD-BD

265 - 295

No marginal decarbonization cost, but significant infrastructure cost

Source: Industry: McKinsey & Company (2018), Decarbonization of industiial sectors: the next frontler / Shipping: UMAS analyss for the Energy Transitions
Commission (2018) / Other fransport sectors: SYSTEMIQ analysis for the Energy Transitions Commission (2018)

Exhibit 5

13 McKinsey and Company (2018, Decarbonization of the industrial sectors: the next frontier

14 European Environment Agency (2018)



Cost to end consumers

The impact of decarbonization on prices faced by
end consumers will vary by sector, but will overall
be small [Exhibit 7]. Decarbonizing steelis unlikely
to add more than US$180 to the price of a car,
while using zero-emissions plastics would increase
the price of a litre of soft drinks by less than US$0.01.
The most significant cost to end consumer would
be in aviation: if biofuels or synthetic fuels remain
significantly more expensive than conventional jet
fuel, zero-carbon international flights may require a
10-20% increase in ticket prices. Since expenditure
on international aviation accounts for less than 3%
of global household consumption, however, the
total impact of this on living standards would still be
very slight.

Intermediate product costs

Even if the impact on end-product prices is small,
price implicati at the int diate product
level could be significant. For instance, producing
zero-carbon steel may cost 20% more per tonne
than conventional steel. Some companies may
find it difficult to finance upfront investments in
low-carbon technologies, in particular if this entails
writing off existing assets before the end of their
useful life. In addition, where intermediate products
are internationally traded, unilateral imposition

192

of domestic carbon prices or regulation could
produce harmful competitiveness effects, and
international carbon prices or regulations are
therefore ideal [Exhibit 8].

Key implications for policyi

m Carbon prices will be required and can be
withstood by consumers, but should be carefully
designed to avoid international competitiveness
effects.

Harder-to-abate sectors should benefit from
public support to innovation and investment.
Driving energy efficiency, materials efficiency
and circularity, and demand management

in transport — alongside decarbonization
technologies — is essential to reduce the overall
cost to the economy.

A PORTFOLIO OF SUPPLY-SIDE
DECARBONIZATION TECHNOLOGIES

It is neither possible nor necessary to determine
in advance the precise balance between the
four main routes to supply-side decarbonization
- electricity, bioenergy, carbon capture, and
hydrogen - that will be needed to achieve net-
zero CO2 emissions from harder-to-abate sectors.

Decarbonizing harder-to-abate sectors would cost significantly less
if pursuing energy efficiency improvement and demand management opportunities

Total cost of decarbonization
Tiilion US$ per year, 2050

Share of global
projected GDP, 2050

0.45%

Ammonia~
Steel”)

Emy\ene;
/

1
-
Heavy-road transport
Aviation -

Shipping

Cement

Supply-side
decarbonization  decarbonization

and efficiency*

High-cost scenario

0.24%

Supply-side Supply-
decarbonization  decarboni
and efficiency*

Low-cost scenario

Note: The term “efficlency” covers energy efficlency, materials efficiency, materials circularity, and demand management in transport.
Source: SYSTEMIQ analysis for the Energy Transiions Commission (2018) based on McKinsey & Company (2018), Decarbonization of industrial sectors: the next

frontler and Materlal Econormics analysis for the Energy Transitions Commission (2018)

Exhibit 6
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The optimal balance will vary by region in light
of different natural resource endowments (solar,
wind and hydro resources; sustainable biomass
resources; availability of underground carbon
storage) and will evolve over time following
uncertain technological and cost trends.

Public policy should therefore focus primarily on
creating strong incentives for decarbonization,
while leaving it to markets to determine the most
cost-effective route forward per sector. But it is
possible to define some almost certain features
of the path to net-zero CO2 emissions, which
carry implications for public policy and private
investment priorities.

A major role for hydrogen

Hydrogen is highly likely to play a major, cost-
effective role in the decarbonization of several
of the harder-to-abate sectors, and may also be

important in residential heat and flexibility provision

in the power system. Achieving a net-zero-CO»-
emissions economy will therefore require an

increase in global hydrogen production from 60 Mt

per annum today to something like 425-650 Mt by
mid-century, even if hydrogen fuel-cell vehicles
play only a small role in the light-duty transport
sector.

193

It is therefore essential to foster the large-scale and

cost-effective production of zero-carbon hydrogen

via one of three routes:

m Electrolysis using zero-carbon electricity: This
will be increasingly cost-effective as renewable
electricity prices fall and as electrolysis
equipment costs decline. If 50% of future
hydrogen demand were met by electrolysis, the
total volume of electrolysis production would
increase 100 times from today’s level creating
enormous potential for cost reduction through
economies of scale and learning curve effects.

m The lication of carbon cap to steam
methane reforming, and the subsequent st
or use of the captured CO2: This may be one
of the most cost-effective forms of carbon
capture given the high purity of the CO; stream
produced from the chemical reaction, if
energy inputs to the process are electrified. For
hydrogen from SMR plus CCS to really be near-
zero-carbon, however, carbon leakage in the
capture process, as well as methane emissions
throughout the gas value chain, would have
to be brought down to a minimum. If 50% of
future hydrogen demand were met using SMR
with carbon capture on chemical reaction,
the related carbon sequestration needs would
amount to 2-3Gt.

g

O THE END CONSUMER

THE COST TO CONSUMERS OF DECARBONIZING HEAVY INDUSTRY
AND HEAVY-DUTY TRANSPORT WILL BE SMALL

HEAVY INDUSTRY

Exhibit 7
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m Biomethane reforming: SMR could also be made
zero-carbon if biogas were used rather than
natural gas, but is unlikely to play a major role,
given other higher priority demands on limited
sustainable biomass resources.

Key implications for policyi

Electrolysis cost reduction is a key innovation
priority, targeting capital costs of US$250/kW.
CCS infrastructure needs o be developed

to enable production of near-zero-carbon
hydrogen from SMR plus CCS.

Further reduction in fuel-cell costs and hydrogen
tanks are also key priorities.

International trade in hydrogen or ammonia

is likely to play a key role, potentially requiring
significant infrastructure investment.

Vital and massive electrification

bl

In any f path to a net arbon Y:
electricity’s share of total final energy demand will
rise from today’s 20% to over 60% by 2060. As a
result, total global electricity generation must grow
from about 20,000 TWh today to 85-115,000 TWh by
mid-century while switching for high-carbon to zero-
carbon power sources.

194

Strong policies to improve energy efficiency, increase
terials effici and cil ity, and

demand for heavy-duty transport could reduce this

requirement by a useful 25% — or more in developed

economies. Given the scale of the investment

challenge, it is vital to maximize these opportunities.

But a very rapid expansion of zero-carbon
electricity will still be required. Our analysis suggests
that this expansion, while challenging, is technically
and economically feasible:

m Renewable electricity is increasingly cost-
competitive with fossil-fuel-based power. It will be
possible, within 15 years, to run electricity systems in
which 85-90% of power demand is met by a mix of
wind and solar, combined with batteries for short-
term back-up and with the remaining 10-15% met
by dispatchable peak generation capacity (e.g.
dispatchable hydro, biomass or fossil fuels with
carbon capture). Dramatic reductions in the cost
of renewable electricity and of batteries will make
it possible to operate such a power system at an
all-in cost of US$55/MWh in most geographies, and
below US$35/MWh in the most favorable locations
by 2035, especially if appropriate market design
isin place1s [Exhibit 9]. This is lower than today's
conventional electricity costs.

Decarbonization of the harder-to-abate sectors would have a significant impact

on the price of intermediate products

Impact on intermediate product cost
US$ / % price increase

Plastics

+$500
per fonne of ethylene

Ceme +3100 per fonne of cement +100%
(+330 per fonne of concrete) (+30%)
+$120
per fonne of steel g2

+50%*

Heavy road fransport

Shipping

No price impact

0.3-0.
per fiter of jet fuel equivalent

+$4 million
on typical bulk carrier voyage +110%
cost per annum

+50-100%

*Assuming an inifial price of US$1000/tonne for ethylene, alihough the price of ethylene is very volatile

Source: SYSTEMIQ analysis for the Energy Transitions Commission (2018)

Exhibit 8

15 SYSTEMIQ analysis for the Energy Transitions Commission (2018), based on Climate Policy Initiative for the Energy Transitions Commission (2017), Low-cost,

low-carbon powersystems
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m Atthe aggregate global level, there is easi
sufficient land to support renewable elec

generation on the scale required, but with large

195

this danger is limited both in surface transport
and in many industrial applications, but much
lower carbon intensities are required before a

regional variations. In favorable geographies like switch to hydrogen, ammonia and synfuels, or to

north-west China, mid-west US and the Middle
East, renewable electricity could be produced
at low costin quantities exceeding local

demand. But less favorable locations, with high

population density or less favorable renewable
resources, may need to draw on zero-carbon
power sources that are less land-intensive and
have higher capacity factors (e.g. nuclear or

fossil fuels with carbon capture) or on imports of
power (via long-distance transmission lines or in

the form of hydrogen or ammonia).
A rapid increase in the pace of renewables

electric heating, will reduce emissions. By contrast,
immediate electrification in some coal-dependent
developing economies - for instance in India
where the carbon intensity of electricity is above
1000gCO2 per kWh — could result in significant
carbon emissions. Rapid progress towards power
decarbonization is therefore essential, combined
with careful coordination of the pace of power
decarbonization and electrification.

Key implications for policymakers:

m Power decarbonization policies should plan for

deployment is needed. To meet power demand very significant increases in power demand,

of 100,000 TWh by 2050 with 90% renewable
power, the deployment rate of solar and wind
would need to increase by more than 10% per
year (i.e. double every 7 years). This will also
require a strengthening of power grids.

If electrification occurs before adequate power
decarbonization, with electricity still produced
mainly from fossil fuels, CO2 emissions could
increase in the short term. Our analysis suggests
that, in developed economies where the carbon
intensity of electricity is below 750gCO> per kWh,

accelerating renewable power deployment.
National decarbonization plans, as described
forinstance in the NDCs, should set out an
integrated vision for power decarbonization and
electrification, ensuring that increased power
demand will be met by zero-carbon powerlé.

A prioritized and tightly regulated use of biomass

Biomass — whether used as a source of energy
for heat production, as a reduction agentin
steel production, or as a feedstock in chemicals
production — could in principle play a role in the

Low-cost, low-carbon electricity is likely to be available in most geographies,
with electricity below $35/MWh produced in most favorable locations

Maximum all-in cost of power ionin a
US$/MWh

total-variabl power system by 2035

70

Reserves cost

m Inferday/seasonal
balancing cost*

m Iniraday balancing/
Ramping capacity cost*

m Levelzed renewable
generation cost

Breakdown by
flexioility services

{e.g. dispatchable hydro,
demand management...)

In favorable geographies

@ Maximum in most geographies with
batteries and gas peaking plants only
@ Achievable in most geographies
‘when using other sources of flexibility

Note: Based on German resource and load profile / *Conskders only two flexiblity technologies: CCGT & Lithiumvion batteries / Levelized renewable energy
generation cost includes all energy potentially produced, including amount curtailed or stored/shifted.
Source: Adapted from Climate Policy Initiative for the Energy Transitions Commission (2017), Low-Cost, low-carbon power systems

Exhibit 9

16 Orin the NECPs of EU member states.



decarbonization of each of the harder-to-abate
sectors. When used in power, heat or industry, it
could be combined with carbon capture, and
potentially generate negative emissions. Timber
could also offer an alternative low-carbon building
material.

However, the use of biomass must be constrained

196

m The highest priority sector appears to be
aviation, where a zero-carbon equivalent of
jet fuel is essential to decarbonize long-haul
flights. A maximum of 42EJ of biomass would
be required for complete decarbonization.
This could be lowered if synfuels are used, as
well as through energy efficiency and demand
management.

by limits on the available supply of truly sustainabl

m The d highest priority sector is likely to

biomass, given competition for land use. This
requires that biomass comes from sources or
land that would not otherwise provide food or
carbon storage, and that its use is compatible
with biodiversity and ecosystem conservation
imperatives, in particular, the need to avoid
deforestation. Moreover, bioenergy typically
produces less than 1% of the energy that solar
power can produce per hectare, making
electricity-based solutions more effective where
available and technically feasible.

Estimates of sustainable biomass supply vary
widely, but analysis suggests that 70EJ per annum
of sustainable biomass for energy and feedstock
would certainly be available by mid-century, when
accounting for 10-15EJ from municipal waste,
46-95EJ from agricultural wastes and processing
residues, and 15-30EJ of wood harvesting
residuesl?. This estimate excludes any biomass
production from dedicated energy crops whether
in the form of cil plants (e.g. soya) or forest crops
(e.g. fast-growing willow or poplar).

The key uncertainties relate to the supply of
lignocellulosic material which could be sustainably
harvested from forest crops (through a large-scale
reforestation program, focused on degraded land
in tropical countries), as well as to the availability
of winter cover crops and algae-based products.
Several factors could decrease the amount

of sustainable biomass available for energy, in
particular reduced crop yields due to climate
change.

A sustainable supply of 70EJ (or even 100EJ) would
be insufficient to meet all the potential sectoral
claims on biomass from the energy, industry and
transport sectors. Its use must therefore be focused
on sectors where alternative decarbonization
routes are least available:

17 IEA (2017), Technology roadmap: Delivering Sustainable Bioenergy

be plastics, where bio-feedstock is essential to
compensate for end-of-life emissions, unless end-
of-life plastics are recycled or securely landfilled.
Bio-feedstock could not entirely substitute for
fossil fuels: 28EJ of biomass supply would be
required to cover only 30% of feedstock needs.
The strategy for plastics decarbonization must
therefore combine an as complete as possible
shift towards a circular model, with carbon
sequestration —in the form of solid plastics
placed in permanent, secure and leak-proof
storage — and an as limited as possible use of
bio-feedstock to compensate for inevitable
losses in the value chain.

If not constrained by tight sustainability criteria,
however, the biggest demands for biomass

could emerge not in the harder-to-abate sectors
considered in this report, but in residential
heating and in electricity generation (where it
could create negative emissions if combined
with carbon capture and sequestration)18.
It is therefore essential to minimize this need,
especially in the power sector, by driving
maximum progress of renewables, energy
storage technologies and smart demand
management.

By conftrast, bi are not

to drive the decarbonization of heavy road
transport, shipping, and other industrial sectors,
where other routes to decarbonization are
available.

When used, biomass, biogas and biofuels are
highly likely to be more expensive than fossil
fuels. Carbon prices and regulations will therefore
be essential and appropriate to make them
economic. Biomass-based solutions may also be
more expensive than alternative decarbonization
routes like electrification or hydrogen in some
applications, where they would then naturally be
driven out of the market.

18 The ETC's lustrative pathway suggests up to 28EJ of biomass input if biogas plays a significant role i residential heating, and as much as 34EJ if biomass-
based power generation provides only 4% of global electricity supply to help meet peak generation needs.
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Key implicati for policymalk

Tight regulations on biomass sustainability are
vital. This will ikely exclude energy crops, which
often compete with agriculture and ecosystem
services, with some local exceptions like winter
cover crops in temperate climates.

The development and cost reduction of

truly sustainable bio jet fuels for aviation and
bio-feedstock for plastics is a high priority for
innovation support.

Public support to biomass development should
transition away from non-priority sectors to high-
priority sectors, except when local conditions
provide a clearly sustainable supply for a larger
portfolio of applications.

It is essential to develop non-biomass-based
peak generation capacity and energy storage
options for power and residential heating.
Improved efficiency in the biorefinery

process is key to enable greater bioenergy
and bio-feedstock use from a given level of
primary supply.

An essential, but limited, role for carbon capture
Dramatic reductions in the cost of renewables over
the last 10 years mean that carbon capture is likely
to play a relatively small role in the power sector,

197

potentially providing dispatchable low-carbon
electricity to complement variable renewables. But
achieving net-zero COz emissions in the harder-to-
abate industrial sectors will probably be impossible,
and certainly more expensive, without a role for
carbon capture and sequestration: it is likely to be
the only route to achieve total decarbonization

of cement production (unless a breakthrough in
cement chemistries eliminates process emissions)
and, in some locations, is likely to be the most
cost-effective route to decarbonization of steel,
chemicals, and hydrogen production.

But there is no current consensus about the
necessary scale of carbon capture. Several
scenarios for achieving the Paris climate objectives
assume that, by 2100, carbon capture and
sequestration could account for 18Gt per annum
of emission reductions (or more), with its application
to biomass-based processes producing significant
negative emissions. There are concerns that these
huge volume assumptions are used to justify
continued large-scale fossil fuel production use.

In addition, fears are sometimes expressed that
underground carbon storage is unsafe or not
permanently effective.

Electricity from renewables and nuclear could account for ~60% of primary energy demand

Global primary energy demand in a net-zero-CO,-emissions economy

EJ/year, mid-century

796

Fossil fuels

Bioenergy
Electricity from
renewables
and nuclear

Current trend

ETC llustrative Pathway

639

ETC lilustrative Pathway

(IEA 2050 Reference
Technology scenario)

Note: The ferm “efficiency’ efficiency, mat

and efficiency*

materlals circularity, and demand management in fransport

. . )
Source: SYSTEMIQ analyss for the Energy Transitions Commission (2018); [EA (2017), Energy Technology Perspectives

Exhibit 10



It is therefore vital to achieve some consensus
around the required role for carbon capture, as
well as the respective roles of carbon storage
and carbon use in COz-based products. The ETC's
judgement is that:

m A net-zero-carbon economy can be achieved
without the very large quantities of carbon
capture (e.g. 18Gt per year) assumed in some
models, but a more modest scale of carbon
capture (e.g. around 5-8Gt per year) is highly
likely to be a necessary and cost-effective part
of an overall decarbonization strategy.

Around 1-2Gt of the CO2 captured annually
could then probably be used in CO2-based
products that enable long-term storage, with
the greatest opportunities lying in concrete,
aggregates and carbon fiber. This implies a
potential synergy between carbon capture

in cement plants and use within concrete
production.

Some storage is however likely to be required —
3-7Gt of CO2 storage per annum — and best
expert opinion — including from the IPCC -
suggests that carbon storage can be safe and
adequately secure provided it is effectively
regulated?.

Achieving these volumes of carbon capture by
mid-century would require a step change in the
pace of deployment, which will not occur unless
governments play an active role in (i) building
social acceptance of carbon transport and
storage on the back of independent scientific
evidence of their safety, (i) making carbon
capture and storage economically viable
through carbon pricing, and (i) planning and
regulating the deployment of carbon transport
and storage infrastructure. These conditions
are not yet met today. Immediate and forceful
collective action from policymakers and
industries is needed to meet them in the next
10 years.

Key implications for policymakers:

m Commercial-scale carbon capture and

carbon use technologies, in particular in the

cement-concrete value chain, should be a key

innovation priority.

A carbon price will be vital to support any form

of carbon capture and sequestration.

For underground carbon storage to be part of

the portfolio of solutions, governments need to:

m Regulate carbon transport and storage
sufficiently tightly to achieve social
acceptance;
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m Plan and support the deployment of carbon
transport and storage infrastructure.

m If underground carbon storage is not developed,

governments would need fo:

m Plan for an even faster deployment of
renewables and electricity-based solutions for
industry;

® Bring to market low-carbon materials to
substitute for cement;

m Bring to market carbon dioxide destruction
technologies to treat remaining carbon
emissions.

Optimal supply-side path to a net-zero-carbon
economy

The optimal path to a net-zero-carbon economy
will require use of all the decarbonization levers.
Within the overall balance, electrification will play
the greatest role, accounting for roughly 65% of
final energy demand by mid-century and with
electricity also used to produce a significant share
of hydrogen. Around 85-90% of electricity will in turn
be derived from renewables or other zero-carbon
sources, with no more than 10-15% from biomass

or fossil fuels with carbon capture. Primary energy
demand would be significantly lower if pursuing
opportunities for energy efficiency, materials
efficiency/circularity and demand management in
transport. [Exhibit 10]

The optimal balance will however vary significantly
by location, given wide variations in relevant
natural resource endowments:
m Large differences in solar and wind resources
mean that, while some countries could meet
well over 65% of final energy demand from
locally produced cheap renewable electricity,
others will need to rely on other zero-carbon
power sources or on power imports. The cost of
renewable generation will also vary widely.
Biomass resources per capita and costs also
vary greatly by region, which will likely trigger
international trade of biorefined products for
aviation and plastics, and very different levels of
biomass use by geography in other (localized)
sectors of the economy, such as heat and power.
In the case of underg d carbon st
huge regional variations in the known scale
of available storage capacity in part reflect
1s to current k ledge in various
geographies (in particular Africa). But, once a
comprehensive survey is complete, available
storage capacity is likely to vary greatly
between regions.

19 IPCC (2005), Carbon Dioxide Capture and Storage; IPCC (2014), Mifigation of climate change
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B. THE PATH TO NET-
ZERO: MANAGING
THE TRANSITION
TO NET-ZERO-CO2-
EMISSIONS INDUSTRY
AND TRANSPORT

Qur analysis shows that all harder-to-abate sectors
could achieve net-zero CO2 emissions by mid-
century at low cost to the global economy and to
the end consumer. But the path to net-zero matters
as well as the end point. It is therefore essential to:
= R ize the which ine the
feasible pace of transition;
Reduce the scale of the decarbonization
challenge through energy efficiency
improvement and demand management;
m Det ine an appropriate role for transiti

solutions, in particular unabated gas as

a transition fuel and offset purchase as a

transitional abatement strategy.

TECHNICAL, ECONOMIC AND
INSTITUTIONAL CHALLENGES BY SECTOR

Three categories of transition challenges are
important: technical, economic and institutional
challenges.

Technical challenges:

m Many of the relevant technologies are not

yet commercially ready. While electric trucks
could be cost-competitive by 2030, cement

kiln electrification may not be commercially
ready till a decade later. Hydrogen-based
industrial processes also require significant
development. Accelerating development and
scaling deployment of key technologies is
therefore vital.

Reaching zero lifecycle emissions from plastics
constitutes a significant challenge, as it requires
eliminating end-of-life as well as production
emissions. Limits to sustainable biomass supply
will likely make it impossible to entirely substitute
fossil fuels by bio-feedstock. It will therefore be
essential to manage the existing and future fossil-
fuels-based plastics stock through mechanical
and chemical recycling, as well as secured end-
of-life storage for solid plastic.

199

m |In most cases, carbon capture technologies
will capture about 80-90% of the CO2 stream,
with the remaining 10-20% still released into
the atmosphere. The development of capture
technologies with higher capture rates should be
a priority, but some level of negative emissions
from land use or BECCS will probably be required
to compensate for these residual emissions.

Economic challenges:

m Since most decarbonization routes will entail

a net cost, market forces alone will not drive
progress; and strong policies — combining
regulations and support — must create incentives
for rapid decarbonization.

A particular difficulty is to create strong enough
financial incentives today to trigger the search
for optimal decarbonization pathways without
imposing a disproportionate burden on sectors
for which full decarbonization technologies are
not yet available.

In heavy industry, very long asset lives will delay
the deployment of new technologies, unless
there are strong policy incentives for early asset
write-offs. In steel, for instance, a switch from
blast furnace reduction to hydrogen-based
direct reduction may require scrapping of
existing plant before end of useful life.

High upfront investment costs may act as a
barrier to progress even where carbon prices
make a shift to zero-carbon technologies in
theory economic, in particular in sectors or
companies facing low margins. Direct public
investment support (for instance through loan
guarantees or repayable advances) may
therefore be required.

Although beneficial on an aggregate scale,
the transition to a zero-carbon economy will
inevitably create winners and losers, impacting
local economic development and employment
in some regions. Moreover, the impact on

end consumer prices, although limited, might
have a greater impact on lower-income
households, especially in developing countries.
Policy should anticipate and compensate

for these distributional effects through just
transition strategies.

nstitutional challenges:

Current innovation systems are poorly
connected, with little coordination between
public and private R&D, and a lack of



international forums to carry an innovation
agenda focused on harder-to-abate sectors.

In sectors exposed to international competition,
domestic carbon prices or regulations could
produce harmful effects on competitiveness and
movement of production location. This implies
the need for international policy coordination,
or alternatively the use of downstream rather
than upstream taxes, border tax adjustments, or
free allocation within emissions trading schemes
or compensation schemes (combined with
increasingly ambitious benchmark technology
standards).

Some industries, like shipping or construction,
are so fragmented that incentives are split.
Even cost-effective efficiency technologies

and circular practices are not easily deployed.
Innovative policy should strengthen incentives,
forinstance regulations imposed at port level or
obligations for materials recycling.

Implications for industry and heavy-duty transport

Given these technical, economic and institutional
barriers, transition paths will vary significantly

by sector:

m In the industrial sectors, progress to full
decarbonization will inevitably take several
decades. Public policy must therefore provide
strong incentives for long-term change,
established well in advance, whether via
carbon pricing, regulations, or financial support.
Proactive action from industries over the next
decade would reduce costs of subsequent
decarbonization efforts.

In the transport sectors, transition paths are less
complicated:

® In heavy road transport, considerably shorter
asset lives could allow rapid decarbonization
of truck fleets (e.g. over 15 years rather than
30) once alternative vehicles (whether battery
electric or hydrogen fuel-cell) become cost-
competitive at point of new purchase.

In long-distance shipping and aviation,

the fact that the likely route to full
decarbonization entails the use of zero-
carbon fuels within existing engines means
that the longevity of shipping and aviation
engines is not a constraint on the pace of
transition, which willinstead be determined
by the relative costs of zero-carbon versus
conventional fuels20,
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REDUCING THE DECARBONIZATION
CHALLENGE THROUGH EFFICIENCY
IMPROVEMENT AND DEMAND
MANAGEMENT

Given the time required to achieve supply-side
decarbonization, especially in industry, efficiency
improvement and demand side reductions are
essential not only to deliver short-term emissions

ducti butto d the cost of long-te
decarbonization by reducing the volume of primary
industrial production or mobility services to which
supply-side decarbonization technologies need to
be applied [Exhibit 11].

Energy efficiency improvements will be particularly
important in shipping and aviation, where lower
fuel consumption per kilometer could reduce the
penalty cost of using zero-carbon fuels and reduce
claims on a limited sustainable supply of biofuels.

The potential for demand management differs
between the transport and industrial sectors:

In the transport sectors, the biggest potential
lies in modal shift from road to rail for freight
and from plane to high-speed rail for short-haul
passenger trips, as well as logistics efficiency,
but total available potential is unlikely to
exceed 20%.

In industry, however, greater materials efficiency
and circularity could reduce CO2 emissions

by 40% globally — and by more than 55% in
developed economies — by 2050, with greatest
opportunities lying in the plastics and metals
supply chains.

Most of the technologies required to achieve this
demand-side reduction potential are already
available. Their deployment at scale will likely drive
cost reductions, for instance in recycling industries.
But major changes in product design, industry
practice and lation will be tial to seize
the opportunity.
m Improved materials circularity cannot occur
without more coordination between different
panies along the manufacturing,
automotive and buildings value chains.
High-quality recycling indeed requires new
approaches to product design as well as
to end-of-life dismantling and materials
separation, which will not occur unless required

20 Although some retrofitting wil be needed in shipping to adapt fuel handiing and storage equipment to the use of ammonia or hydrogen.
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by regulation, in particular through extended
producer responsibility.

Improved logistics efficiency will also rely on
greater coordination between companies,
facilitated by big data computing, while driving
modal shifts will require improving public
transport infrastructure, in particular railways, and
creating financialincentives to change for both
passenger and freight.

LEVERAGING TRANSITIONAL SOLUTIONS:
GAS AND OFFSETS

The appropriate use of these solutions will vary by
sector depending on when the end-state solution
will be commercially available. Transitional solutions
are therefore particularly appropriate in heavy
industry, where many zero-carbon solutions are not
yet market ready: whereas they are likely to play a
smaller role in transport, given the relative ease of
transition to either electric vehicles (in trucking) or
biofuels and synfuels (in shipping and aviation).

Gas as a transition fuel

Since gas combustion can produce about 507%

less emissions than coal - if and only if methane
emissions are tightly controlled —, switching from
coal to gas within otherwise largely unchanged
production processes/equipment could in principle
achieve significant short-term emissions reductions.
Switching from oil to gas would deliver more limited
reductions (5-20%). However, the climate benefits
can be reduced significantly or even disappear

if methane leakages in the gas value chain are
above 1-3% (depending on applications).

m Inindustry, there could be significant potential to
switch from coal to gas, in industries where coal
is still used as a heat source (e.g. cement) andin
countries where coal s still used as a feedstock
in chemicals production (e.g. China). However,
this potential could be constrained by limited
domestic gas supplies, particularly in China and
Indiia.

In transport, the optimal role of gas is more
limited. There may be a limited transition role for
CNG in trucking and LNG in shipping, if these
technologies can be retrofitted on existing
vehicles now and replaced, respectively, by
electric vehicles and by zero-carbon fuels in the
next 10-15 years and the related infrastructure
repurposed or written off21,

biogas or hydrogen. However, the ETC has not analyzed this issue in detail,

N

trading schemes are not covered in this report.

The optimal path to net: CO2 might
entail a roughly flat or even slightly rising gas
production by 2040, provided that:

Strong policies ensure that methane emissions
(from flaring, venting and leaking) across the
whole production and use chain reaches
sufficiently low levels (0.2% for upstream
leakage and below 1% when jointly considering
upstream, midstream and downstream
emissions) prior o any expansion of gas use:;
Pre-announced strategies ensure that gas-using
sectors will eventually:

u Switch to biogas — while taking into account
constraints on sustainable biomass availability
which, in turn, will put pressure on prices;
Apply carbon capture and sequestration to
existing gas-fired production processes;
Move beyond natural gas to electricity,
hydrogen, or bioenergy, which implies the
need to plan in advance for either writing
off gas infrastructure and equipment prior

to end of useful life or repurposing them for
hydrogen.

Indeed, it is clear that unabated gas consumption
would need to rapidly fall beyond 2040 to be
compatible with the Paris objectives.

The appropriate role of offsets

Since the marginal cost of decarbonization varies
greatly among the harder-to-abate sectors and
across the whole economy, the early stages of
sectoral paths to net-zero could allow for the
purchase of offsets from other sectors of the
economy or from the land use sector?2. These
schemes (sometimes labelled “market-based
measures") will also create incentives to search for
longer-term decarbonization solutions by facing
sectors with a marginal price of carbon.

In addition, the purchase of offsets from the land
use sector could provide a valuable source of
financing to support investment in more sustainable
land use, for instance preventing deforestation and
facilitating reforestation.

But any reliance on offset purchases must be strictly

controlled and clearly time-limited:

m Offsets purchased from other energy-using
sectors must only occur within the framework of
emissions frading schemes whose total volumes
are tightly capped and declining at a pace

In addition, natural gas may play a fransitional role in residential heating, alongside greater electrification, and could subsequently be substituted by

Legal disputes related to how fo account for carbon emissions reductions from offsets which are fraded internationally outside of regulated emissions
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compatible with the Paris climate objective. This However, our analysis suggests that, while the
implies that by mid-century there will be almost energy and industrial systems can get very close
no remaining potential for such purchases. to net-zero by 2060, there may be small residual
Land use offsets should also ideally play only a emissions (around 2Gt per annum) which would be
transitional role, given limits to the total possible very expensive to eliminate. A small long-term role
scale of natural carbon sequestration. Land use for negative emissions from land use or BECCS may
offsets must also be subject to extremely tight therefore be required.
regulation to ensure that the purchase of offsets
truly does result in incremental carbon emissions But, given constraints on long-term negative
reductions, and to avoid adverse effects of emissions, sectoral strategies can only claim to be
biodiversity. compatible with the Paris climate agreement if
they aim for as close as possible to net-zero CO2
emissions within the sector by mid-century.

ENERGY EFFICIENCY AND
ND MANAGEMENT MATTER

IN THE HARDER-TO-ABATE SECTORS, ENERGY EFFICIENCY IMPROVEMENTS AND DEMAND MANAGEMENT CAN:

:DUCE CO2 EMISSIONS :DUCE COST

of decarbonizing harder-to-abate sectors:
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C. ACTION:
WHAT POLICYMAKERS,
INVESTORS, BUSINESSES
AND CONSUMERS CAN
(AND SHOULD) DO

DRIVING PROGRESS THROUGH
INNOVATION

Complete decarbonization of all the harder-
to-abate sectors could be achieved using
technologies already under development. But
many of them are still not market-ready, nor have
been deployed at commercial scale. In addition,
future unpredictable technological breakthroughs
will almost certainly, some time over the next
decades, allow different and cheaper routes

to decarbonization. Both private investment

and public policy support are required to drive
incrementalinnovation and maximize the likelihood
of more fundamental breakthroughs.

Enabling greater efficiency and circularity

Achieving the potential for energy efficiency as
well as materials efficiency and circularity will
require innovation in three major areas:
m Product design to enable:

m Increased energy efficiency - e.g. improved
design of air frames and ships;
Use of new low-carbon fuels — e.g. radical
redesign of air frames to enable the use of
hydrogen;
Improve materials efficiency and circularity
—e.g. conceiving buildings, vehicles or
packaging in a way that reduces over-
specification of materials and facilitates
end-of-life dismantling, sorting and recycling
of materials;
= Improving materials processing systems,

in particular:

m New manufacturing or construction techniques
that reduce waste from production;
New high-strength materials that reduce the
materials input required;
Materials fraceability systems, enabled by
digital technologies;
Automated sorting systems, enabling
advanced separation of materials;
Methods to separate the constituents of
composite materials (such as textiles);
Improved metallurgy, to remove impurities
from scrap metals and produce high-quality
metals from mixed scrap;

]

[]

[ ]

]

[]

]

m New business models relying on longer product
lifetimes (through design, maintenance, higher-
quality materials, re-manufacturing and re-use)
and more intensive use (through sharing or
increased occupancy levels).

Enabling electrification of transport and industry

In the transport sectors the crucial challenge

is further to reduce the cost and improve the
performance of batteries:

m Massive private investments now flowing into the
currently dominant lithium-ion technology make
it highly likely that battery prices will fall to meet
be BNEF's projection of US$100 per kWh (for cells
plus pack) by 2025 — and probably before.
Improvements in energy density, charging
speed and battery life will then become more
important than further cost reductions. Battery
density improvement of 2 to 3 times would
make battery electric vehicles dominant

even for long-distance surface transport and
improvement of 5 to 10 times would be required
to make electrification feasible for long-distance
shipping and aviation. These will require more
fundamental changes in battery chemistry.

In the industrial sectors, the key challenge is

to develop electric cement kilns and electric
furnaces. Alongside these, fundamental research
should explore the potential for more radical
breakthroughs in electrochemistry, in both the steel
and chemicals industry.

Driving down the cost of hydrogen production
and use

Given the major role that hydrogen will almost
certainly play, it is crucial to reduce the cost of
hydrogen production and use, aiming in particular:
To radically reduce the cost of electrolysis
equipment, achieving US$250 per kW by the
mid-2020s versus US$1000 per kW today;

To reduce the cost of steam methane reforming
plus carbon capture;

To reduce the cost of fuel-cells from around
US$100 per kW today to less than US$80 per

kW by 2025 for medium duty vehicles and of
hydrogen tanks from $15 per kW today to less
than $9 per kW by 2025.

ing the chemicals industry through
biochemistry and synthetic chemistry

While emissions from industrial processes can be
eliminated via electrification, biomass combustion,
or carbon capture and sequestration, the more
difficult technical challenge is o address end-



of-life emissions produced in multiple dispersed
locations and in particular those resulting from

the remaining use of liquid hydrocarbon fuels (in
aviation and shipping). plastics and fertilizers (which
produce both CO2 and N2O emissions).

This makes four areas of innovation vital:
m Biochemistry, where the key challenge is

to enable the development of liquid fuels

or feedstocks for plastics production, while

minimizing the use of biomass sources which

compete with food production and threaten
biodiversity, through:

m Biochemical technologies which can enable
the exploitation of lignocellulosic sources,
Genetic engineering of crops which can grow
on arid land or sea water, including algae,
= Increased efficiency of biorefinery processes;
Synthetic chemistry, where the two key
innovation challenges are:

INNOVATION AREAS

incremental
innovation
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m Toreduce the cost of direct air capture of
CO; (DAC),
m To find effective routes to produce aromatics
used in plastics;
m Hybrid chemical routes —i.e. combining bio and
synthetic chemistries;
m Chemical ycling of pl to limit the need
for new bio and synthetic feedstock.

Developing new materials
There is significant potential to substitute less
carbon-intensive materials for carbon-intensive
ones, forinstance:
m In the buildings sector, using timber or pozzolan-
based concrete to substitute for Portland cement;
m In packaging, textiles and manufacturing, using
cellulose-based fibers to substitute for plastics
(and for bio-based plastics, which would require
a much greater biomass input than direct
fiber use).

TO FULLY DECARBONIZE HARDER-TO-ABATE SECTORS OF THE ECONOMY

breakthrough
innovation

ELECTRIFICATION

Electric fumaces for cement
and chemicals

3 Electrochemical reduction of iron
for steel production

HYDROGEN

BIC AND SYNTHETIC

Synthetic chemistry, including
direct air capture of COz

MATERIALS EFFICIENCY AND CIRCULARITY

NEW MATERIALS

Low-carbon cement and
concrete chemistries.

Biomaterials for construction

Cellulose-based fibers as a
substitute for plastics

CARBON CAPTURE AND CARBON USE
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pursued.

Internal agreements covering all
sectors are ideal and should be

205

ADEQUATE CARBON PRICES MUST PLAY A CENTRAL ROLE IN DRIVING
DECARBONIZATION OF THE HARDER-TO-ABATE SECTORS

Govemments can make progress without
delay through efficient and pragmatic
approaches to carbon pricing.

EFFICIENT AND PRAGMATIC APPROACHES TO CARBON PRICING

v ] ) oneme 0 [ omenean 0

Seffing a long-ferm signal  Different by sector, On products that are not On the lifecycle carbon
driving investment because higher prices infernationally fraded emissions of consumer
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Driving down the cost of carbon capture and
carbon use technologies

The key challenge with carbon capture and use is
not a fundamental technological one, but rather
a question of how to achieve sufficiently large-
scale deployment to drive economies of scale and
learning curve effects.

DRIVING PROGRESS THROUGH POLICY

Since there are multiple routes to the
decarbonization of harder-to-abate sectors, policy
should aim to unleash a market-driven search for
the optimal solution, while also ensuring focused
support for those aspects of the transition which are
certain to be needed. Four complementary sets of
policies are required to drive progress.

Efficient and pragmatic approaches to

carbon pricing

Adequate carbon prices must play a central role,
simultaneously incentivizing improved energy
efficiency, supply-side decarbonization, and
demand reduction.

Existing carbon pricing schemes, like the EU-ETS,
have begun to play a role in driving down carbon
emissions, but three challenges have limited their
effectiveness to date:

m The danger that if international agreement
cannot be achieved, imposing carbon taxes

in one country could result in shifts in the
production location of internationally traded
goods and services (e.g. steel and aluminum),
which has often led to exceptions within carbon
pricing schemes, including the EU-ETS;

Very different marginal abatement costs by
sector, which, together with high emissions caps,
mean that the resulting prices may be far too
low to provoke change in the higher-cost sectors
(e.g. aviation);

The uncertainty on long-term prices in emissions
trading systems, which do not provide a
sufficiently strong long-term price signal to spur
technology development.

It is essential to overcome these challenges.
International agreements covering all sectors
remain ideal and it is vital to pursue them. However,
policymakers should also recognize that, if the ideal
is not possible, there is still an opportunity to make
progress by strengthening existing emissions trading
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schemes and by developing complementary,
imperfect but still useful, approaches that might be
[Exhibit 13]:
Defined in advance, with specific taxes or floor
prices in some cases providing greater certainty
and thus more powerful incentives than can be
achieved through fluctuating prices;
Differentiated by sector to reflect different

ginal abat t costs and technology
readiness, with for instance far higher carbon
price applied in shipping and aviation than to
the materials-producing industrial sectors;
Domestic/regional, with for instance a
significant carbon price applied to cement
(where competition is primarily domestic) even
while not applied at the same level to steel,
(using free allocation within emissions trading
schemes or compensation schemes to avoid
carbon leakage dangers (with allocations/
compensations combined with increasingly
ambitious benchmark technology standards
so as to provide incentives for innovation and
investment);
Downstream, i.e. applied to the lifecycle
carbon emissions of consumer products rather
than production processes, as is the case with
excise duties on gasoline and diesel, which are
effectively subject to a carbon tax whatever the
location of crude oil production and refining.

Such approaches to carbon pricing would need to
be designed to limit risks of carbon leakage between
sectors and between regions, and might require new
systems to ensure the traceability of lifecycle carbon
emissions. They should ideally build up towards a
globally consistent carbon pricing framework.

Mandates and regulations

In addition to carbon pricing, specific regulatory
mandates could and should include:

m Energy efficiency regulation, which has been a
key driver of improvements in automobile and
appliance efficiency, and which is already being
applied by the IMO to drive improvements in the
energy efficiency of new ships;

Tightly defined sustainability standard

for low-carbon fuels (including bioenergy

and hydrogen), based on robust lifecycle
carbon accounting and assessment of other
environmental impacts;

Green fuel mandates which could require airlines
and ship operators to use a rising percentage of
zero-carbon fuels;
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Regulations which ban the sale of diesel or
gasoline ICE trucks, beyond given future dates,
and/or ban their use in major cities;

Labelling - and regulations on - embedded
carbon in products, ensuring traceability of the
source, carbon intensity and recycled content
of materials used in consumer products (e.g.
cars or appliances);

Standards on materials efficiency, especially
in infrastructure, buildings and key consumer
products;

Regulations to drive the circular economy,

in particular by enforcing end-of-life product
recycling responsibility and requiring product
designs which make recycling possible.

Public support for infrastructure development

Most of the investments required to build a net-

zero-carbon economy will be made by the private

sector. But active public policy coordination or
direct investment support may be required in:

m Long-distance power transmission to support
high penetration of variable renewables;
Vehicle charging and refueling infrastructure
along road networks as well as in ports and
potentially airports (if hydrogen and ammonia
use develops);

Railway infrastructure, especially high-speed
rail connections on a regional level, to enable
greater modal shift;

Port and pipeline infrastructure to drive the
development of domestic and international
trade in new fuels such as hydrogen and
ammonia;

Carbon transport and storage networks, where

governments have a key role to play in imposing

tight regulatory standards, and in planning and
approving the routing of pipelines.

Public support for research, development and
deployment of new technologies

The optimal public policy role in driving
technological progress will differ depending on
the market readiness of different technologies:
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and private innovation funding will be required
to accelerate the process to bring technologies
to market, in particular to fund pilot projects.
Fostering radical technology game changers:
Public funding should provide direct support

for specific areas of research, in particular via
target-driven programs which define specific
quantitative objectives 10-15 years ahead and
stand willing to support multiple R&D efforts that
could deliver the objectives.

DRIVING PROGRESS THROUGH PRIVATE
SECTOR ACTION

Private sector action will also be vital to achieve full
decarbonization of harder-to-abate sectors.

Industry associations in harder-to-abate sectors

Many industry associations in key industrial sectors
and in heavy-duty transport (especially shipping
and aviation) are already aiming to achieve
significant carbon reductions by mid-century.
These efforts could be further strengthened by:

m Developil dmaps to net- carbon
emissions by mid-century, including clear
specification of how transitional solutions such
as offsets or use of unabated natural gas will be
phased out over time;

m Developil toral initiatives to develop

d d for low/; bon products (e.g.

partnership between airlines, airports and

travel agencies to develop a zero-carbon

flight offer) and to support materials circularity

(e.g. partnership between steel producers and

manufacturers to improve collection rates and

quality of steel scrap);

Using their lobbying capacity o advocate

bt N P ts on

carbon pricing.
Companies in harder-to-abate sectors

In parallel, leading industry companies have
already started to prepare for a low-carbon

m Deploying proven technol at t ition, with some companies committing to
scale: Here most of the investment must come science-based targets and a few making bolder
from the private sector, but governments could commitments to net-zero carbon emissions. We
accelerate progress by facilitating financing (for hope that an increasing number of companies will
instance via loan guarantees or reimbursable continue to:
advances) and by using public procurement to m Invest in R&D projects, especially pilot plants,
create demand for low-carbon products and focused on key innovation priorities outlined
services. above;

m Bringing technol; under develop it to m Develop partnerships which can deliver greater

commercial readiness: A combination of public

materials efficiency and circularity;



Develop regional partnerships in industrial
clusters, to support infrastructure development
and industrial symbiosis;

Base their long-term business strategy and
shareholder reporting on tightened science-
based targets, which aim to net-zero carbon
emissions by mid-century.

Major buyers of materials and mobility services
Major buyers —in particular businesses and public
procurement services — can accelerate change in
the harder-to-abate sectors by creating demand
for “green” materials and mobility services, initially
at a premium price. Initiatives could include:

m The expansion of the EV100 it it
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and companies, and cutting investments in
potentially stranded assets;

Developing a range of “green investment”
products with different risk-return profiles,
with the support of development banks to
facilitate sustainable infrastructure investment
in developing countries (through policy
development, public investment and private
capital mobilization via blended finance).

WINNING THE CLIMATE WAR

The Energy Transitions Commission believes it is
ible to achieve the near-total decarbonization

(commitment to 100% electric vehicles) taken by
businesses and cities to electric trucks and buses
(BEVs or FCEVs);
A commitment to low-lifecycle-carbon-

issil terials for ial and
industrial buildings, completing existing
operational energy efficiency targets;
A commitment to green flights purchase as an
alternative to buying offsets to compensate for
business air fravel.

Consumers

With the exception of aviation and some
subsectors of shipping and heavy-road transport
(i.e. buses), harder-to-abate sectors are not
directly exposed to consumer pressure. However,
materials and freight transport are essential to the
delivery of key end consumer products. Adequate
labelling of lifecycle and embedded carbon
intensity of products (e.g. cars, appliances) and
services (e.g. fights) could create traceability
and be a powerful tool for consumer awareness.
It could also facilitate the creation of a "green
offer" at a premium price, given that the cost
impact of decarbonization on end consumers is
relatively small.

Public and private investors

New investment opportunities will arise both in low-
carbon infrastructure, and in companies that take
advantage of low-carbon innovation in materials,
products and business models. Investors could help
accelerate decarbonization by:

m Better evaluating climate-related risks and
opportunities focusing not only on energy, but
also on the industry and transport sectors;
Developing clear plans to shift their investment
portfolios through time, increasing investment

in low-carbon infrastructure, technologies

of the harder-to-abate sectors of the economy by
mid-century, significantly increasing the chance of
| ng global warming to 1.5°C. Succeeding in that
historic endeavor would not only limit the harmful
impact of climate change: it would also drive
prosperity, through rapid technological innovation
and job creation in new industries, and deliver
important local tal benefits. Nati |
and local governments, businesses, investors
and consumers should therefore take the actions
needed to achieve this objective.
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WINNING THE CLIMATE WAR

With i diate llective action, his - CO, emissi
from harder-to-abate sectors of the economy - in heavy industry and
heavy-duty port - is fe It and i feasible.

Drive and support a green
indusfry revolutfion

Prepare for a Finance low-carbon

profound industrial assets as well
transformation as energy and fransport
of their sector infrastructure

Businesses, public
procurement services
BUYERS and end consumers:
create demand for
zero-emissions
materials and mobility

Produce

low-cost, / ENERGY NET ZERO

saro-cabon TN CO2 EMISSIONS
energy 4 TARGET

Pursue international agreements while setting
prices which are differentiated by sector,

PUT A PRICE ON CARBON & defined in

@ @ @ Invest in and support R&D projects and
. B o m
INVEST IN GREEN INDUSTRY technologies for harder-to-abate sectors.

= Drive down the cost and ramp up production
of bon power, bon hydrog
DRIVE DOWN THE COST OF and truly sustainable bioenergy.

RENEWABLE ENERGY
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HOW TO REACH NET-ZERO CO:

EMISSIONS FROM CEMENT

7% TODAY 2050 BAU
OF TOTAL
. GLOBAL

. EMISSIONS

REACHING NET-ZERO CO: EMISSIONS FROM CEMENT IS POSSIBLE BY COMBINING
3 MAJOR DECARBONIZATION ROUTES:

MAXIMUM TECHNOLOGY APPLICABILITY /
CO2 EMISSIONS AVAILIBILITY OVER TIME
REDUCTION

POTENTIAL 2020 2030 2040

Designing buildings more efficiently
Recycling un-hydrated cement

Reusing concrete
Substituting concrete with imber UNCERTAIN

DEMAND
MANAGEMENT

Multistage cyclone heaters -10%
‘Decrease of clinker-fo-cement ratio

switch o dry kilns BN
B

ENERGY
EFFICIENCY

DECARBONIZATION
TECHNOLOGIES

o

YR EYTIEY X0

PER TONNE OF CEMENT ON A $500K HOUSE

MAXIMUM
DECARBONIZATION
cost

TOP 3 ACTIONS TO ACCELERATE THE TRANSITION FOR...

INNOVATION PoLICY > INDUSTRY/BUSINESSES
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HOW TO REACH NET-ZERO CO:
EMISSIONS FROM STEEL

2050 BAU

OF TOTAL
GLOBAL
<. EMISSIONS 23
Resoererey GICO2

REACHING NET-ZERO CO: EMISSIONS FROM STEEL IS POSSIBLE BY COMBINING
3 MAJOR DECARBONIZATION ROUTES:

MAXIMUM TECHNOLOGY APPLICABILITY /
COz EMISSIONS AVAILIBILITY OVER TIME
REDUCTION
POTENTIAL 2020 2030 2040 2050
E Greater and befter scrap recycling y : :—
23 Redesigning products for materials : H L A
3 8 efficiency and circularity -38%
az More infensive use of steel-based i i ;
3 products (e.g, sharing) B 2
1] leaving the E
sure gas leaving
52 enuie gcisledving the, B
£8 . -15/20% : ; = i
v ry quenching I

DECARBONIZATION
TECHNOLOGIES

COST PER TONNE OF CO:z B2B COST COST 1O END CONSUMER

zocdae

PER TONNE OF STEEL ON A CAR

MAXIMUM
DECARBONIZATION
cost

o — 1 B i
Q
3 ¢ i
g | 4 =

Reaching net-zero carbon emissions from harder-to-abate sectors by mid-century

TOP 3 ACTIONS TO ACCELERATE THE TRANSITION FOR...

INNOVATION POLICY INDUSTRY/BUSINESSES

® Develop and pilot hydrogen-based DRI

te and progres
ulations on 1

Mission Possible



213

HOW TO REACH NET-ZERO CO:

34 EMISSIONS FROM PLASTICS

o 5%
OF TOTAL
3 GLOBAL
45, EMISSIONS 1.5 Gtco.
~ -

TODAY

REACHING NET-ZERO CO: EMISSIONS FROM PLASTICS IS POSSIBLE BY COMBINING
4 MAJOR DECARBONIZATION ROUTES:

MAXIMUM TECHNOLOGY APPLICABILITY /
CO2 EMISSIONS AVAILIBILITY OVER TIME
REDUCTION
POTENTIAL 2020 2030 2040 2050
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TOP 3 ACTIONS TO ACCELERATE THE TRANSITION FOR...

INNOVATION DUSTRY/BUSINESSES
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HOW TO REACH NET-ZERO COz2
EMISSIONS FROM HEAVY ROAD TRANSPORT

REACHING NET-ZERO CO2 EMISSIONS FROM HEAVY ROAD TRANSPORT IS POSSIBLE BY COMBINING
3 MAJOR DECARBONIZATION ROUTES:

MAXIMUM TECHNOLOGY APPLICABILITY /
CO2 EMISSIONS. AVAILIBILITY OVER TIME
REDUCTION
POTENTIAL 2020 2030 2040 2050
e p . s

Modal shift fo rail

DEMAND
MANAGEMENT

o O O

DECARBONIZATION
TECHNOLOGIES

o)

MAXIMUM
DECARBONIZATION
CosT

(COST PER TONNE OF CO2 ) B2B COST ) COST TO END CONSUMER

DUE TO INFRASTRUCTURE COSTS EXCLUSIVELY ON COST OF OWNERSHIP. ON PRODUCTS MOVED BY TRUCK

INNOVATION POLICY =) INDUSTRY/BUSINESSES

Reaching net-zero carbon emissions from harder-to-abate sectors by mid-century

Mission Possible
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HOW TO REACH NET-ZERO CO:

36 EMISSIONS FROM SHIPPING

TODAY 2050 BAU

REACHING NET-ZERO CO: EMISSIONS FROM SHIPPING IS POSSIBLE BY COMBINING
3 MAJOR DECARBONIZATION ROUTES:

MAXIMUM TECHNOLOGY APPLICABILITY /
COz EMISSIONS AVAILIBILITY OVER TIME
REDUCTION
POTENTIAL 2020 2030 2040 2050
- ] | I |
= i E i
a g i i i
3| Ieteaelt I
=< voyage plan optimization 4
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=

DECARBONIZATION
TECHNOLOGIES

T @ O O
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ON TYPICAL BULK CARRIER VOYAGE COST PER ANNUM ON 560 PAIR OF JEANS

TOP 3 ACTIONS TO ACCELERATE THE TRANSITION FOR...

INNOVATION DUSTRY/BUSINESSES
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HOW TO REACH NET-ZERO CO2
EMISSIONS FROM AVIATION

" 3% TODAY 2050 BAU
S, OF TOTAL
s, GLOBAL
5y EMISSIONS

REACHING NET-ZERO CO: EMISSIONS FROM AVIATION IS POSSIBLE BY COMBINING
3 MAJOR DECARBONIZATION ROUTES:

MAXIMUM TECHNOLOGY APPLICABILITY /
COz EMISSIONS AVAILIBILITY OVER TIME
REDUCTION

POTENTIAL 2020 2030 2040 2050

Beter Air Traffic Management (ATM) B e

Load factors improvement -15%

Modal s o bigh-speed i L T—

DEMAND
MANAGEMENT
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Reaching net-zero carbon emissions from harder-to-abate sectors by mid-century
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Il EXECUTIVE SUMMARY

The capture and utilization of COg and other carbon oxides emitted from power generation and industrial facilities
has been technologically feasible for generations and has gained greater attention in recent years as a tool for
reducing greenhouse gas emissions. Captured carbon can be stored in geologic formations, or used either to produce
oil from depleted wells through the enhanced oil recovery (EOR) process (which sequesters the COg underground),
or in the creation of a variety of products. These measures generate revenue that can partially offset the costs
associated with capture.

Because EOR is already widely practiced, it is not considered by this report. Instead, the focus is on non-EOR
utilization of captured carbon, which offers the potential to significantly contribute to greenhouse gas emissions
reduction. Pathways include the production of construction materials, fuels, plastics, chemicals, and algae-based
products (e.g., fuels, animal feed, and fertilizers). Each of these sectors, along with their potential for market growth
is explored herein.

Carbon capture and utilization (CCU) includes the use of all carbon oxides, including CO2 and carbon monoxide
(CO), that would displace the release of greenhouse gases into the atmosphere. The alternative term “CO9U” applies
to technologies that use only COg specifically. Other broad terms for utilization include “carbon recycling”
and “carbontech.”

While non-EOR carbon utilization does not, at present, greatly contribute to greenhouse gas reduction it offers
significant potential to do so in the coming decades, given advances in technology, wider commercialization, and sup-
portive government policies. CCU may be an especially useful tool for decarbonizing certain industrial sectors and
providing an option in locations where either social issues or land constraints do not allow for other types of carbon
disposition. Also, the continued development of CCU technologies may help drive carbon capture innovation gener-
ally, making broader greenhouse gas reductions possible.

Numerous government agencies, non-governmental entities, and academic institutions have recently considered
the potential development of carbon utilization and how government polices might encourage it. Rather than
duplicate that body of research, this report seeks to provide an overview of options, growth and greenhouse gas
reduction potential summarized by use category.

CARBON UTILIZATION PRODUCTS AND PROCESSES

As to particular sectors, construction materials that rely on CO2 utilization today represent the most widespread of all
non-EOR CCU sectors and are projected to continue growing as market preferences for low-carbon materials expand.
However, prescriptive standards for products like concrete are a significant challenge to the wider acceptance of
COg-based materials. Low-carbon aggregates (the gravel, sand, or crushed stone used with cement to form concrete)
do not face the same hurdle to market entry, but they are not currently competitive purely on price, and so would
require some form of policy support. Taken together, low-carbon construction materials (including aggregates) offer
the greatest prospects for growth in both market value and greenhouse gas reduction potential.

Low-carbon fuels, chemicals, and plastics are diverse categories of products that are considered together here
because their production processes have similarities. Conversion of COg to fuels and chemicals often entails adding
hydrogen to the carbon in CO? Developing catalytic, electrochemical, photolytic and other processes that can
facilitate this type of reaction and generate products inexpensively is an important research priority. Advancing these
processes to operate at commercial scale represents a significant technical challenge.

CARBON UTILIZATION—A VITAL AND EFFECTIVE PATHWAY FOR DECARBONIZATION v
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Another key challenge to carbon utilization for the production of fuels is the availability of low-cost, low-carbon
hydrogen. Steam methane reforming (SMR), the process by which methane reacts with steam at a high temperature
to produce hydrogen, is in use with carbon capture at a number of projects worldwide. Water electrolysis, where
hydrogen is separated from water in an electrochemical cell, is far more expensive and requires low-carbon electricity
but is an area of active research. An increase in market demand for hydrogen would likely be met in the short term by
SMR in conjunction with carbon capture.

Algae-based carbon utilization offers significant near-term opportunities in some product categories (e.g.,
biofertilizers, aquaculture, livestock feed, and feed additives), while other product categories (e.g., fuels, bioplastics)
require research and development (R&D) efforts to drive down costs, especially downstream processing costs. One
significant advantage of algae-based carbon utilization is that high-purity COg is not required to support algae
growth, and some combustion waste products such as nitrogen oxides (NOx) and sulphur oxides (SOx) can actually

serve as algal nutrients.

POLICY CONSIDERATIONS

All CCU sectors face challenges to commercialization in terms of either technology, cost, or market acceptance.
These can be overcome with supportive government policies in four areas: financial enablers, R&D support,
development of COyg transportation infrastructure, and market preferences such as procurement policies and “green
labeling.” Some broad policy approaches, such as those that encourage all applications of carbon capture (not only
beneficial carbon utilization), may be necessary to generally help foster decarbonization. However, sector-specific
challenges may also be addressed.

One broad-based policy currently in place is the “45Q)” tax credit, enacted in 2018, which offers a tax preference
for either qualified utilization of carbon oxides, or geologic storage (including in saline formations or through EOR).
However, the U.S. Internal Revenue Service is not expected to publish the guidance necessary to implement the
law until later in 2019, which has caused uncertainty for CCU developers who might expect to benefit from the tax
credit. Given the delay in implementation, Congress may need to extend the law’s deadline for commencing project

construction and lower the eligibility threshold requirement if it expects small CCU developers to benefit.

Several policies currently before Congress would encourage the deployment of CCU. Legislation known as the
USE IT Act, introduced in both houses of Congress, would facilitate coordinated development of C02 pipelines and
provide CCU research prize funding. Similarly, CCU will advance sooner if relevant federal R&D is expanded both in
terms of its funding level and its support for pilot-level work. Finally, facilitating the construction of adequate infra-
structure for the movement of COg is also important to sparking widespread CCU deployment.

As for sectoral issues, government procurement rules can act as market drivers, while federal R&D spending
should be targeted to ensure successful pathways to commercialization, not only basic research. Low-carbon
construction materials will benefit from incentives at all levels of government that encourage the use of components
containing captured carbon. For fuels, renewable fuel standards, low-carbon fuel standards, and other incentives will
grow the low-carbon fuel market, if they include fuels from carbon utilization.

This report focuses on policy actions that can foster growth in carbon utilization by 2030, in part because markets
beyond that timeframe are difficult to predict, but mostly because deliberate near-term action is needed if CCU is to

expand significantly. However, more general climate policies, such as carbon pricing or the inclusion of fossil-based

carbon capture in clean energy standards, are also necessary to lay the foundation for a low-carbon economy that

includes new demand for CCU-based products and proc

Vi Center for Climate and Energy Solutions
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Il I. INTRODUCTION AND CONTEXT

The scientific evidence for climate change is undeniable,
and the consequences of climate change are already
being felt through sea level rise and extreme weather
events. The most recent estimates by the Intergovern-
mental Panel on Climate Change (IPCC, 2018) stated
that impacts on health, livelihoods, food security, water
supply, human security, and economic growth are pro-
jected to increase with global warming of 1.5 degrees C
and increase further with 2 C above pre-industrial levels.
To avoid these impacts and give adaptation efforts a
better chance of success, economies must transition to
lower-carbon technologies.

One component of the suite of technologies necessary
for deep decarbonization is carbon capture, utilization,
and storage (CCUS). The IPCC has noted that without
CCUS, the costs of addressing climate change will be
significantly higher.! The most economical and immedi-
ate path forward for the development of carbon capture
is closely tied to creating corridors of COg transportation
infrastructure that link sources of COg to enhanced oil
recovery (EOR) markets, and eventually other types of
geologic storage.

Additionally, accelerating deployment of carbon
utilization would provide a number of important
pathways for decarbonization. For instance, while many
sources of carbon emissions can be addressed through
traditional carbon capture, certain industrial sectors
are harder to decarbonize. One example would be
aviation fuel emissions, which cannot be “captured” in
real time by traditional means; using captured carbon to
produce aviation fuel that has lower carbon content before
itis combusted offers an effective pathway to reduce
emissions in this sector.

Geography may represent another circumstance
where carbon utilization may be useful. In certain juris-
dictions, such as those where any type of carbon storage
may be constrained by social license to operate issues
or by land use restrictions, carbon utilization may be an
important decarbonization option. In other locations,
the small size and proximity of existing COg sources
may not justify building the infrastructure necessary to

transport and store the COQ. In those regions, creating
an on-site market for carbon capture and use (CCU) may
be a pathway for decarbonization.

This paper summarizes the current state of knowl-
edge on CCU in an effort to highlight the potential for
using carbon as part of the transition to a lower-carbon
economy. To understand the technologies and the
importance of policies to accelerate their availability,
this report is built on a review of existing literature, a
series of interviews and finally a workgroup of technical
experts who provided significant insights and direction
for this work. C2ES interviewed more than 20 develop-
ers and other leaders to better understand how policy
could spark growth in beneficial carbon utilization. The
questions used to guide those interviews can be found in
Appendix B.

WHAT IS CARBON UTILIZATION?

The capture, utilization, and storage of carbon oxides
has been technologically feasible for generations and has
been in operation since the early 1970s. Currently, 19
“full-scale” projects are in operation worldwide. Of these,
14 use captured COg for enhanced oil recovery (EOR)
while five store COg in saline aquifers.?

Carbon utilization (a term used in this report inter-
changeably with CCU) is a broad term used to describe
the many different pathways where captured COg —or
in some cases carbon monoxide (CO)—can be used
or “recycled” to produce economically valuable products
or services.

EOR using COg is the most widely practiced form
of carbon utilization today. Approximately 17 million
metric tons per year of anthropogenic COg are currently
used in the United States for EOR, along with much
higher quantities of COg from naturally-occurring, but
depleting, sources. Future domestic COg use applying
current state-of-the-art CO9-EOR techniques for eco-
nomically recoverable oil is projected to be 10.7 gigatons
(Gt). Projections based on the development of “next-gen-
eration” EOR techniques applicable to U.S. resources,
such as those designated as the residual oil zone (ROZ),

CARBON UTILIZATION—A VITAL AND EFFECTIVE PATHWAY FOR DECARBONIZATION 1
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are more uncertain than for state-of-the-art techniques,
but indicate the use of an additional 23.6 Gt of C02.3
Because it is already widely practiced, COg-EOR
is not further addressed in this report. Instead, non-
EOR utilization approaches are the focus of material
presented below.
The wide array of carbon utilization options is
illustrated in Figure 1. Each carbon utilization pathway

has specific characteristics in terms of technical maturity,

market potential, economics, and CO2 reduction impact.
Given this diversity, implementing both broad-based
policies and sector-specific ones together will have the
greatest impact on CCU development.

Entities from across the spectrum of greenhouse gas
emissions stakeholders are increasingly focused on new
uses for recycled carbon and how policies can encourage
them. Five prominent examples include:

¢ The U.S. Department of Energy commissioned the
development of a report by the National Coal Coun-
cil (NCC) entitled COg Building Blocks: Assessing COqg
Utilization Options®. The 2016 report’s primary focus,
“is to assess opportunities to advance commercial
markets for COg from coal-based power generation
and the extent to which COg markets for EOR and
non-EOR utilization could incentivize deployment
of carbon capture, utilization and storage (CCUS)
technologies.”

China’s Ministry of Science and Technology
(MOST) published the results of its comprehensive
scientific assessment of geologic and non-geologic
COg utilization technologies in the country,
highlighting the following technologies as holding
particular promise: (1) COg-EOR, with and without
enhanced water recovery; (2) use of COg from coal
conversion technologies for use in enhanced coal-
bed methane recovery; and (3) use of COg from
steel and cement production for mineralization of
bulk solids and cultivation of microalgae that could

FIGURE 1: CO2 utilization pathways
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be used for fertilizer or as feedstock for fuels and
other chemicals.

The European Commission published a report®

in 2018 that concluded, among other things, that,
1) carbon utilization may play a role to reduce the
role of fossil fuels in the economy and provide help
reaching climate change mitigation targets, and

2) uptake of carbon utilization will depend on a
favorable legislative and investment environment.
The XPRIZE Foundation is holding a competition
with $20 million in total prize money, funded

by utility company NRG and Canada’s Oil Sands
Innovation Alliance (COSIA), in which teams from

multiple countries are testing and demonstrating
breakthrough technologies that will convert COg
emissions into valuable products like building
materials, fuels and other items. Teams will be
scored based on how much COg they convert and
the net value of their products.’

In 2016, the Global (]()2 Initiative released A
Roadmap for the Global Implementation of Carbon
Utilization Technologies, which estimated the
potential market size and emissions reduction
associated with the “Carbon Based Products
Industry” (CBPI)—essentially non-geologic
carbon utilization.

CARBON UTILIZATION-—A VITAL AND EFFECTIVE PATHWAY FOR DECARBONIZATION
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[l 1I. CARBON UTILIZATION’S MARKET AND EMISSIONS POTENTIAL

The Global COg Initiative Roadmap (2016) provided a
useful projection of how carbon utilization could grow
in coming years if certain scenarios and assumptions are
realized. To provide insight into what full potential might
look like, the Roadmap lays the ground work for what
might be considered high-end markers for the potential
of carbon utilization moving forward. A significant con-
clusion summarized from the report was that, “Funding,
incentives and prompt strategic action are necessary to
move the CBPI [Carbon Based Products Industry] to its
full potential... [at which] CBPI could reach or exceed
US $800 billion by 2030.”

As for emissions reduction, the Roadmap concluded
that, “Critically, the CBPI has the potential to utilize

seven billion metric tons of COg per year by 2030—the
equivalent of approximately 15 percent of current annual
global COg emissions.”

The Roadmap divided utilization approaches into
seven general categories, as illustrated in Figure 2.

The status of these technologies, and their associated
opportunities for market growth and greenhouse gas
reduction potential are presented together graphically
in Figure 3 and summarized in tabular form in Appen-
dix A. The sizes of the “balloon” markers in Figure 3
correspond to the relative emission reduction potential
for each sector at different points in time. While current
product volumes across all CCU sectors are small, they

offer significant potential in the longer term.

FIGURE 2: General categories of utilization technologies

Construction Materials

e Cement and Concrete

e Asphalt

* Aggregate

e Timber/super hardwood

Industrigas & Fluids

e Enhanced oil recovery

¢ Enhanced coal bed
methane recovery

* Enhanced water recovery

 Semiconductor fabrication

* Power cycles

Plastics

Chemicals

@ Fuel

 Synthetic (methanol, butanol,
natural gas, syngas, etc)

* Micro-algae fuel

* Macro-algae fuel

@ e Polyurethane foams
e Polycarbonate
(glass replacement)

 Acrylonitrile butadiene styrene
* Many more

New Materials

* Carbon Fiber

* Carbon nanotubes
and fullerenes

* Graphene

Agriculture & Food
* Algae-based food
or animal feed
* Microbial fertilizer
 Biochar, bio-pesticides,
bio-cosmetics

o

 Preservatives (formic acid)

* Medicinal

* Antifreeze (ethylene glycol)
* Carbon black

* Many more

Source: A Roadmap for the Global Implementation of Carbon Utilization Tech

ctfassets.net/xgOgviarhdr3/5VPLIRFY3YAlasum6oYkaU/48bOf

48e32d6f468d71cd80dbd45 1a3a/CBPI_Roadmap_Executive_Summary_Nov_2016_ web pdf

CARBON UTILIZATION—A VITAL AND EFFECTIVE PATHWAY FOR DECARBONIZATION

5



231

FIGURE 3: Market size and GHG mitigation potential of selected CCU sectors
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Source: C2ES/Cogentiv Solutions analysis of market trends and potential greenhouse gas reduction capacity based on market projections from the Global CO,

Initiative’s Roadmap.

Figure 3 helps to visualize the notion that the respec-
tive market potential for each sector is different, and
doesn’t always correlate with its greenhouse gas reduc-
tion potential. For instance, the current market value of
low-carbon concrete is greater than all other sectors, as is
its level of greenhouse gas reduction. And while concrete
promises to remain the largest CCU sector in terms of
market value, the potential greenhouse gas reduction

contributed by other sectors, including low-carbon fuels,

6 Center for Climate and Energy Solutions

algae-based fuels and products, and aggregates, may
surpass that of concrete by 2030. This suggests that,
given favorable policies, all CCU sectors have significant
potential for market growth and emission reduction.
Table 1 shows the numeric values associated with the

different sectors shown in Figure 3, which were compiled
from a variety of sources, including reports focused
specifically on carbon utilization opportunities,* energy
related publications,'® trade publications,! financial



market analyses,' technical publications,” and United
Nations organization reports.!* To achieve these pro-
Jjections, policies and measures will be needed to sup-

port the growth of carbon utilization technologies and

232

products across the various value chains. Without this
support, it is uncertain whether this potential can be
realized. Additional detail regarding various CCU tech-

nologies and policies is presented in the sections below.

TABLE 1: Market size and GHG mitigation potential of selected CCU sectors

?;IT_IEIEOTSIZE: 2020 2025 2030 EITS(’)‘?J;IS/F‘.&??NC 2020 2025 2030
TONS OF CO,

Concrete 60 200 400 Concrete ¥ 0.7 1.4
Fuels 5 60 250 Fuels ¥ * 2.1
Aggregates 4 30 150 Aggregates * 0.7 3.6
Algae Ag/Feed Products 3 10 120 Algae Ag/Feed Products * * 1.2
Algae Fuels/Chemicals 2 4 200 Algae Fuels/Chemicals ¥ * 2
Polymers 1 3 25 Polymers ¥ % 4
Commodity Chemicals 0 5 12 Commodity Chemicals * * *

* less than 0.5 billion tons CO,

Source: C2ES/Cogentiv Solutions analysis of market trends and potential greenhouse gas reduction capacity based on market projections from the Global CO,

Initiative’s Roadmap.
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Il 111. CARBON UTILIZATION’S SECTORS AND TECHNOLOGIES

CONSTRUCTION MATERIALS

Construction materials represent a large, near-term
opportunity for carbon utilization, principally through
cement and aggregate (the gravel, sand, or crushed
stone used with cement to form concrete). The current
global market for concrete is around 30 billion tons and
is estimated to grow to about 40 billion tons by 2030.
Similarly, the global aggregates market is 25 billion to 35
billion tons, and is estimated to grow to about 50 billion
tons by 2030. If carbon is used as an input and replace-
ment for calcium carbonate, the Global C02 Initiative
estimates the associated emissions reduction potential in
the construction materials sector could be in the range
of 1 billion to 10 billion tons by 2030 (see Appendix
A)."® Technologies to develop new structural materials
from captured carbon, such as carbon fibers, are also in
development.

One of the most significant challenges of utilizing
COg is that it is a very low-energy molecule. For most
applications, a form of energy (either thermal, chemi-
cal, or electrical) has to be added to convert COg into
a different molecule to form fuels and chemicals. In
contrast, carbonates are even lower-energy than CO2,
which minimizes the energy needed to form them. When
COg is incorporated into the production of cement and
aggregate (and thus concrete), forming carbonates, it

is not necessary to add energy to overcome thermody-
namic constraints. This is important because the energy
required to make large volumes of material could be
extremely expensive, rendering the materials non-cost-
competitive and potentially less beneficial to greenhouse
gas reduction efforts.!®

One way that COg can be incorporated into building
materials involves formation of a carbonate coating on
small solid materials, as illustrated in Figure 4. In order
to form carbonate-based solids, the negatively charged
carbonate ions must be balanced by positively charged
ions. For cement and aggregate, those ions are most com-
monly either calcium or magnesium.

Unfortunately, ionic calcium and magnesium are
not widely available in easily accessible forms. Possible
sources include seawater, volcanic rocks, slags and other
alkaline industrial wastes, though each of these is chal-
lenged by the need for proximity to a COg source in or-
der to be economic. Development of methods to produce
reliable, sustainable, low-cost calcium and magnesium is
an area of active research.

Another way that COg can be used in construction
materials is referred to as direct utilization or adding
COg to concrete during curing. This reduces the amount
of cement required to produce equivalent-strength
concrete, reducing emissions from cement production

FIGURE 4. Formation of aggregates using carbonate coatings and waste CO,
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50% Coating

>100% Coating

44% (by mass) of the CaCO; coating is CO,

Source: Blue Planet http://www.blueplanet-led.com/
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in addition to the COg incorporated into the concrete.
The company Carbon Cure has applied this approach to
over 100 conventional, Portland Cement-based ready-mix
concrete plants in the United State and Canada. COg is
injected into the concrete mix, and as the concrete cures,
the COg is permanently mineralized, as illustrated in
Figure 5.7

Solidia Technologies uses a cement that contains
more silica-rich materials than conventional Portland
Cement. This unconventional cement binds with more
CO2 during curing and can be used to make low-carbon,
high-strength, pre-cast materials. The technology has
been demonstrated at pilot scale and is anticipated to be

ready for commercialization soon. Current research and

pilot projects associated with direct utilization focuses
on increasing the amount of COgy absorbed while still
maintaining concrete product standards.

The existence of prescriptive standards, such as
those of ASTM International (formerly known as the
American Society for Testing and Materials), represents
asignificant challenge for advancing the use of COg-
based construction materials. ASTM standards, for
example, narrowly define a variety of parameters/
characteristics including setting times and compressive
strength for Portland Cement-sand mixtures, and the
specific amounts of ground limestone and inert extender
that can be blended with cement, among many others.
If COg-based construction materials do not match those

FIGURE 5: CO, utilization in the Carbon Cure process
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Source: Adapted from 2018/02/M
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specific requirements, they may not be accepted for use,
even when they exceed performance levels of traditional
materials. Successful entrants to the market, such as
Carbon Cure, have focused on making incremental
changes to traditional concrete formulations to minimize
the acceptance challenges.

The use of carbonate as aggregate does not face the
same hurdles to market entry, but its cost is a significant
barrier. Current gravel aggregate costs are typically
near $50/ton depending on location, while technology
developers say low-carbon aggregate might sell for $70 to
$100/ton'. Thus, it is unlikely that COg-based aggregate
could be widely competitive purely on price, and instead
would require some form of policy support.

FUELS/CHEMICALS/PLASTICS
Fuels, chemicals and plastics represent a significant
opportunity for utilization technologies. Their potential
markets are diverse and varied, but they are considered
together here because their carbon utilization
production processes tend to have some commonalities.
The Global COg Initiative Roadmap estimates the total
market size potential for the three product categories to
range from $1 billion to more than $250 billion per year.
That corresponds to an emissions reduction potential of

100,000 to 2.1 billion metric tons per year (Table 2 and
Appendix A). Again, while these estimates may represent
high-end market potentials, a key takeaway is that fuels
may have a much larger market and a much larger emis-
sion reduction potential than chemicals and polymers.
Industrial emissions containing CO and COg already
are being biologically converted to low-carbon fuels at
commercial scale today, creating fuels with over 70-per-
cent greenhouse gas reductions compared to their fossil
counterparts.

As noted in the section describing construction
materials, COg is a very low-energy molecule. And while
formation of carbonates for construction materials does
not require input of large amounts of energy, the use
of COg for fuels, chemicals, or polymers does require
significant energy inputs to convert COg into products.
An exception to this occurs in cases where CO is present
in industrial waste gases.

At a basic level, conversion of COg to fuels and
chemicals entails adding hydrogen (either in molecular
form or from other reaction partners) to the carbon
in COg. The two primary pathways for doing this
are direct hydrogenation of COg, and indirect
production (Figure 6), which involves conversion of
COg to carbon monoxide (CO) followed by synthesis
of specific products.

TABLE 2: Market Size Potential

Current Potential

2030 Potential

Current Emissions 2030 Emissions

Hlockel Revenue ($ billion) Revenue ($ billion) Ez?lri:iotz'fglentinl :fz:::z:]iiz':’s?tel1tial
Fuels 1-5 10 - 250 10 - 30 700 - 2,100
Methanol 0.1-0.2 1-12 0.1 -1 5-50

Polymers 0.1-0.6 2-25 0.02 - 0.05 0.1-2

Note: Methanol is used as a representative for commodity chemicals.

Source: Global CO, Initiative, A Roadmap for the Global Implementation of Carbon Utilization Technologies https://assets.ctfassets.net/xg0gvlarhdr3/5VPLRFY3Y
Alasum6oYkal/48b0f48e32d6f468d7 1cd80dbd451a3a/CBPI_Roadmap_Executive_Summary_Nov_2016_web.pdf
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FIGURE 6. Primary pathways for production of fuels from CO,
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Note that some industrial sources contain CO and do not require an initial conversion step.

Mechanisms for accomplishing this fall into the

following categories:

* Thermocatalytic: Energy is provided in the form
of heat (and pressure) and the reaction is driven
by a catalyst that activates COg so that it can react
with hydrogen.

.

Electrochemical: Energy is provided in the
form of electricity and reactions take place in an
electrochemical cell.

Biochemical: Living organisms or the unique
products they generate (e.g. enzymes) convert COg
or CO to products.

Photochemical: Solar energy provides the heat
or electricity needed to drive catalytic conversion
reactions.

.

Hybrid approaches: The approaches noted above
are combined (e.g. electrolysis coupled with
thermocatalytic approaches, electrochemical
reactions driven by microbes, etc.).!”

In general, the two leading methods of hydrogen
production are steam methane reforming (SMR) and

12 Center for Climate and Energy Solutions

electrolysis of water. Hydrogen production using SMR
is currently much less expensive than water electrolysis.
However, electrolytic production of hydrogen is an area
of active research, and there is significant potential for
reduced costs in the future. If demand for hydrogen

to support CCU increases in the short term, it is likely
that SMR coupled with carbon capture would be the
lowest-cost option for meeting that short-term demand.
Current examples of carbon capture technology paired
with steam methane reforming include the Shell Quest
project near Edmonton, Canada, an Air Products facility
in Port Arthur, Texas, and the Tomakomai project in
Hokkaido, Japan.

Direct Hydrogenation Pathway

Technology for direct hydrogenation—the process of
adding hydrogen to COg without first converting it to a
different compound—exists and has been commercial-
ized for production of methane, methanol and other
chemicals. Methanol (CHgOH) is an attractive product
for COg utilization because commercial processes exist
to convert methanol to gasoline and other chemicals that
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are used in multiple industrial processes. Production of
methanol from COg has been tested at pilot scale, and a
five million-liter-per-year COg-to-methanol plant is cur-
rently operating in Iceland (which enjoys the benefit of
inexpensive hydroelectric power generation and geother-
mal heat that can be used for hydrogen production and
process heating—see below).

However, costs associated with direct hydrogenation
of COy to methanol and other products are too high
without some form of policy support to be competitive
with the production of chemicals starting with fossil fuel-
based feedstocks. The two components of the process
needed for conversion—catalytically activated COg and
hydrogen—both have extremely high costs associated
with them. Research to create better catalysts and more

efficient separation proce: ential to drive down

C

ts for the COy activation s

ep.

Awailability of inexpensive, low-carbon hydrogen is
another challenging piece of the puzzle. Many advocates
for the utilization of COg for fuels assume that avail-
ability of excess renewable energy will drive down the
costs of electrochemical hydrogen production. Currently,
clectricity costs make electrochemical splitting of water
to generate hydrogen uneconomic. The argument has
been made that with excess renewable energy available at
certain times on the grid, the cost of electricity for hydro-
gen production can be driven to nearly zero, making the
process more economic.

However, that argument does not account for the
intermittent nature of excess renewable electricity
availability. If an electrochemical hydrogen production
facility is only available for operation for a limited
amount of time each day, the economics of the argument
tend to fall apart due to the lower capacity factor and
corresponding increase in capital costs per unit of
production. The capital investment made for the facility
would be based on continuous operation, which could
not be delivered. One of the significant needs to help
advance COg utilization for fuels is a mechanism to
deliver low-cost, low-carbon hydrogen that does not
depend on the assumption of nearly-free electricity.

Direct electrochemical processes that convert COg
to fuels and chemicals have been demonstrated at
laboratory-scale to generate a variety of products,
including formic acid, methanol, methane, and ethylene.
Challenges associated with direct electrochemical
conversion processes include low selectivity in
transferring charge (faradic efficiency); low current

density that limits production rates; and poor stability

of the electrodes. R&D is needed to develop improved
electrode materials and structures and improved process
designs for practical applications. One other promising
area of active research is “hybrid” microbial electrolysis
cells, in which microbial communities living in the
electrochemical cell convert COg to chemicals.

Indirect Production Pathway

The indirect fuels and chemicals production pathway
involving conversion of COy to CO prior to processing
is similar to direct conversion but with a defined CO
intermediate product. It is attractive because CO is
much more chemically active than COg. The process
of converting CO and hydrogen (i /ngas) into
methanol and into hydrocarbons via Fischer-Tropsch
(F-T') synth
require hydrogen.

is very well-known, although it does

The principal challenge for this approach is the COg-
to-CO conversion step. Options include catalytically-
driven processes such as reverse water gas shift (RWGS)
to generate CO from C02, various forms of reforming,
which use methane (or other light hydrocarbons) to
convert COg to CO, and electrochemical approaches
such as polymer electrolyte membranes or solid oxide
eclectrochemical cells. Fundamental advances such
as catalysts

that operate at lower temperatures and
advanced gas separations techniques are required to
commercialize these processes.

Anear-term opportunity to advance COg conversion
technology that can potentially overcome the hydrogen
cost/availability issue noted above is dry reforming
of methane and COy to produce methanol in natural
gas producing regions. Natural gas producers in the
Permian Basin, Bakken Formation, and the Marcellus/
ure to

Utica Formation are under regulatory pr
reduce flaring.

One mechanism to reduce flaring would be to pro-
duce methanol using the methane and COg present in
the natural gas. Traditional, low-pressure dry reforming
is technically viable but is currently uneconomic for a
variety of reasons, including issues surrounding coking.
There are, however, technologies under development/
commercialization that appear promising. An R&D
initiative to support development of lower-cost technolo-
gies could provide an opportunity for a public/private
partnership that advances COg conversion technologies
broadly, lowers (102 emissions associated with flaring,

CARBON UTILIZATION-—A VITAL AND EFFECTIVE PATHWAY FOR DECARBONIZATION 13
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generates a saleable product, and addresses the methane
regulatory issue for gas producers.

A good example of the importance of advancing this
indirect conversion pathway is provided by technology
developed by Lanzalech. The company has created a
process through which engineered microbes convert CO
into ethanol. This technology has been demonstrated at
commercial scale using waste gas from steel production,
which is high in CO content. The availability of CO was
a critical component that allowed for the development
of this successful utilization technology. Inexpensive,
widespread availability of more chemically active CO
generated from COy could result in the advancement of
multiple technologies to generate fuels and chemicals
from COg.

Plastics are included in this section on fuels and
chemicals because the building blocks of most polymers
include the commodity chemicals discussed above.
Processes that generate commodity chemicals from
COg will inherently produce polymers with lower
life-cycle carbon emissions than those generated from
petrochemicals.

Polymers can also play a significant role in carbon
utilization through direct inclusion of COg into the
polymer matrix of various materials. For example,

Covestro has developed a prc that imbeds COg

within the polymer chain of polyols used in the
manufacture of foams for products such as mattresses.
Production using this approach started in 2016

near Cologne, Germany. The facility now produces
approximately 5,000 tons/year of foams that incorporate
COg. Research is being conducted to develop approaches
that incorporate more COg into their polymer blends.

ALGAE-BASED PRODUCTS

Algae-based carbon utilization holds near-term

promise in some product categories (e.g., biofertilizers,
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aquaculture, livestock feed, and feed additives), while
other product categories (e.g., fuels, bioplastics) will
require additional R&D to drive down costs to be
commercially viable.

Algae are extremely efficient photosynthetic
organisms—sometimes referred to as COg eating
machines. In 2015, the IEA Clean Coal Centre noted
several advantages to algae-based carbon utilization:®

¢ High-purity COg is not required to support

algal growth.

Flue gas containing varying amounts of COg can
be fed directly to the microalgae, reducing or
eliminating the need for COg capture systems.

Some combustion waste products such as nitrogen
oxides (NOx) or sulphur oxides (SOx) can be used

as nutrients for microalgae (microscopic algae).

Microalgae could yield high-value commercial
products. The sale of these high-value products
could offset the capital and operating costs of

the process.

Algae can be grown in open raceway pond systems
and closed photobioreactor systems, including
flexible plastic film systems, tubular r