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EXECUTIVE SUMMARY

Over the past couple of years, the U.S. Congress has enacted a suite of federal laws that aim to deploy infrastructure,
enhance energy security, and accelerate a clean energy transition. These laws, for the most part, consist entirely of
carrots and no sticks; they provide a truly massive amount of funding. While the laws are already impacting companies’
decisions and creating a giant pull of capital to the United States, guidance from the Treasury Department on a range of
provisions is essential to spur projects and investments. There are also other potential obstacles that could slow de-
ployment, including requirements in the laws (e.g., related to domestic content and environmental justice), supply chain
constraints, and siting and permitting challenges. The delivery of most of the federal funding occurs in and through the
states. Each state has its own unique priorities, attributes, and challenges, though many challenges are similar, includ-
ing a significant lack of capacity and bandwidth. In addition, the laws provide the Department of Energy with billions of
dollars for advanced clean energy demonstrations, but picking the right projects is a challenge; there will be a tsunami
of applications in the coming months, and independent experts are needed to evaluate and score the proposals.

While the recent federal laws will deliver billions of dollars in funding per year, trillions need to be deployed global-

ly each year to achieve climate goals. Public money must mobilize private investment. The recent laws provide large
subsidies that could accelerate investments in climate-friendly technologies but could also cause viable projects to wait
to deploy until they can get federal money. Policy can create additional risks for investors and financial institutions

as well, such as the current political tensions over environmental, social, and governance (ESG) investing; the reality is
that low-carbon projects are still getting significantly less financing than fossil projects. To achieve long-term goals, the
blending and balance between the E and S of ESG will be critically important, both in areas where those are in tension
(e.g., new mining) and in areas where those are mutually reinforcing (e.g., environmental justice). Beyond banks and
investors, there are customers and companies with money to spend and sustainability commitments to meet. Since the
large quasi-regulatory ecosystem of greenhouse gas accounting rules and protocols around carbon credits and offsets
has a huge influence on flows of private capital to address climate, developing the appropriate incentive structures in
the voluntary carbon market is vital.

Of the big sectoral sources of greenhouse gas emissions, the easiest one to decarbonize is electricity — but it is still in-
credibly hard. To get to net-zero, the power sector will need to grow a lot, but transmission access, siting, and permitting
remain fundamental challenges. The growth needed in the grid also means many terawatts of carbon-free generation
need to be built. The recent federal laws have started spurring utilities to increase planned deployments of carbon-free
resources and battery storage, early retirements of coal plants, and retention of existing nuclear. Utilities can get much,
but not all, of the way to 100% clean with current technologies, but they will need some form of new clean dispatchable
generation. Community opposition could present potential roadblocks to deployment of some technological options,
particularly at scale. Affirmative, proactive, honest community engagement must be pursued in a way it has not been
in the past. Consultative processes matter, as do job creation, health benefits, and opportunities for wealth creation.
Utilities and regulators are in a tough spot, trying to achieve decarbonization in a cost-effective way while the costs

of reliability and the burdens of energy costs on communities are both mounting. At the same time, some big energy
buyers have deployed a ton of energy efficiency and renewable energy measures, but each big customer pursuing its own
aims will not result in the systemic changes necessary; large buyers should be figuring out how they can contribute to
plans for decarbonizing their regional grids.
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As for the oil and gas sector, most big companies are having active internal conversations about their decarbonization

and transition strategies. Given the global turmoil in energy markets and the sanctions against Russia, large oil and gas

producers simultaneously feel an obligation to supply energy to ally countries. Some oil and gas companies have revis-

ited their climate targets, including making decisions to slow the divestment of mature assets from company portfolios

(though divestment of an asset does not actually further decarbonization if someone else buys and operates it). While

it is necessary to backfill lost supply to meet current hydrocarbon demand, care must be taken to move in the direction

of fundamentally reducing demand and to avoid making near-term decisions that lock in emitting infrastructure for de-

cades. Meeting climate goals, however, does not necessarily mean a world with no fossil fuels, and who produces those

fuels matters a great deal in terms of international cooperation and security. Markets are not currently set up to differ-

entiate lower-carbon supplies of oil and gas. In terms of options besides oil and gas, electrification can replace oil and

gas demand in some cases, but there will also be a need for zero-carbon molecules. Some companies are using capital

generated from oil and gas to invest in biofuels, hydrogen, and carbon capture, which all have promise and challenges.

With respect to industrial production, cement and concrete represent a small but significant percentage of annual

global greenhouse gas emissions, with substantial growth expected in developing countries. Decarbonization of current

cement production involves addressing either the heat used in making cement or the carbon dioxide released from the

chemical breakdown of limestone during the cement-making process itself. En-
ergy costs for cement kilns are very low, so economic decarbonization options for
heat must be developed. To address the emissions from the chemical breakdown
of limestone, carbon capture is one option, and there are also companies develop-
ing new chemical processes on new rock to make ordinary cement. Another ap-
proach to reducing emissions from the sector is to simply use less cement, which
could involve efforts on both the demand side (e.g., changing designs, utilizing new
building methods) and the supply side (e.g., novel cements, replacement materi-
als). New materials, however, face challenges in terms of permitting, regulations,
insurance, and convincing engineers that they can be used safely. There is a need
for policy to enable wide market adoption of fully commercialized incremental
improvements and interventions, as well as to de-risk new and emerging technol-
ogies. Emissions targets, procurement commitments (from both the public and
private sectors), and significant funding for research and demonstrations could
make a real difference in bringing new low-carbon cement approaches to market.

If emissions cannot

be reduced and
removed at a sufficient
rate, humanity may
be driven to more

drastic interventions
(e.g., solar radiation
management) to stop
planetary systems from
irreversibly declining.

Climate change and the energy transition are global challenges, and decisions made now could have long-lasting effects

that lock in emissions. A global energy transition is necessary, but historically, new energy has been added on top of

— not displaced — old energy. The United States needs to help drive the cost of clean alternatives down to close to or

less than high-emission options to spur rapid and widespread adoption in developing countries. Since countries will be

at different places in their transitions for decades, it is imperative to address the trade-climate nexus. There is some

political interest in the United States in pursuing a carbon border adjustment mechanism to take advantage of the U.S.

emissions advantage over Chinese industrial production. Since the United States (unlike the European Union) has no

domestic carbon pricing system, a carbon border adjustment could look to carbon performance per unit of output as a

metric of comparison. More thinking is needed, however, on how to incentivize, encourage, and facilitate more climate

solutions in quickly growing developing economies, including by opening (not narrowing) trade avenues. Getting produc-

tion-related emissions data from emerging economies is an additional challenge, but averaged data can get the process

started for trade regimes and can create incentives to get product- and facility-level data voluntarily disclosed.

While reducing greenhouse gas emissions is paramount, the science has been clear for a long time about the need to

also remove carbon dioxide from the atmosphere — to clean up the mess humanity already made (and perhaps to offset

emissions from sectors where the cost of abatement may stay too high). There are engineered removal approaches uti-
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lizing various chemical pathways to take carbon dioxide directly out of the air or the ocean, as well as engineered biolog-
ical pathways that involve capturing carbon dioxide through biomass growth, producing power from that biomass, and
adding carbon capture to the system. In terms of natural removal approaches, trees, plants, and soils are key carbon
sinks that can remove carbon more cheaply, but generally less permanently, than engineered approaches. Policy and
government involvement are essential for scaling carbon removal, including funding for innovation, financing support,
and public procurement. Until carbon removal gets to the point of being widely procured as a public good, support could
also come from both compliance and voluntary markets, as well as from co-generation of valuable products (including
the captured carbon dioxide, which can be utilized for a range of commercial purposes). If emissions cannot be reduced
and removed at a sufficient rate, humanity may be driven to more drastic interventions (e.g., solar radiation manage-
ment) to stop planetary systems from irreversibly declining.
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FEDERAL POLICY GAINS

There have been several times in the recent past that the United States has made big changes within 20-30-year time
horizons. Reductions of air pollution under the Clean Air Act, rural electrification, the interstate highway system, and
other examples all made huge amounts of progress within that time horizon. With the recent enactment of federal
laws that aim to deploy infrastructure, enhance energy security, and accelerate decarbonization and a clean energy
transition, the United States may be poised for another big change.

RECENT FEDERAL LAWS

The United States is in a moment of enormous opportunity in terms of energy, climate, and geopolitics. A lot of that
is due to two pieces of bipartisan legislation — the Infrastructure Investment and Jobs Act (IIJA or the “bipartisan
infrastructure law”) and the CHIPS and Science Act — and one partisan piece, the Inflation Reduction Act (IRA). These
laws provide an unprecedented amount of funding to advance clean energy (although the CHIPS and Science Act only
authorizes that funding, which still must be appropriated).

The funding available across all three laws is truly massive, roughly equivalent to the annual budget of the Department
of Defense (depending which programs one counts). The laws utilize a range of tools (e.g., tax credits, loans, rebates),
focus on numerous sectors and priorities (e.g., power, buildings, agriculture, manufacturing, community investment),
and involve many different lead agencies (e.g., Department of the Treasury, Department of Energy (DOE), Environmental
Protection Agency (EPA)).

The IRA alone is a behemoth in terms of spending and sectors. In the power sector, among many other things, the IRA
extends the investment tax credit and the production tax credit for wind and solar to 2024, establishes a new tech-
neutral tax credit (45Y) starting in 2025, and provides new tax credits for storage, hydrogen, and more. Some of the
credits include important provisions for direct pay and for transferability to third parties, as well as bonus provisions for
activity in traditional energy communities and low-income or tribal communities. The IRA also includes new programs
and grants for transmission, a new program (including credit subsidies) to support reinvestment in and repurposing of
old energy infrastructure, and grants for rural electrification and offshore wind. In addition, the IRA creates a massive
multi-billion-dollar grant program at the EPA for non-profits, green banks, community development finance institutions,
and others, as well as separate grants for tribes.

The IRA goes well beyond just the power sector. In the transportation sector, for example, it creates a new tax credit

for used clean vehicles, grants billions to the U.S. Postal Service to move to electric delivery trucks, provides funding to
reduce air pollution at airports, and increases support for loans at DOE’s Advanced Technology Vehicle program. For
buildings, the IRA extends the residential energy efficiency tax credit, funds a clean energy credit for solar at homes and
buildings, adds an energy efficient home tax credit, and provides billions in new grant funding for high-efficiency homes,
whole house retrofits, improvements in affordable housing, and upgrades of federal buildings to high-performance
buildings. For industry, the IRA reauthorizes the manufacturing tax credit (with 40% of funds going to legacy coal
communities), establishes a new production tax credit to accelerate the manufacturing of solar, wind turbines, batteries,
and critical materials, and provides billions in grants for manufacturers to support low-carbon materials, cuts in
emissions from energy-intensive industries, and reductions in methane emissions from the oil and gas sector. In terms
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of agriculture and forestry, the IRA provides billions for a broad array of activities, including soil carbon storage in
natural systems, protection of marine habitats, hazardous fuel reduction in forests, and use of conservation easements.
With respect to community investment and environmental justice, in addition to the billions in grants at the EPA, there
are additional billions for states, municipalities, and tribes to cut greenhouse gas emissions, a new program to improve
indoor air quality and energy efficiency, and efforts to improve transportation access and water access in disadvantaged
communities.

All of that is just in the IRA (and is by no means everything relevant to clean energy and climate change in the IRA). IJJA
and CHIPS have many important provisions as well. The bipartisan infrastructure law, for example, includes billions for
clean energy demonstrations and research hubs, including on carbon capture and storage (CCS), hydrogen, advanced
nuclear, and more. IIJA also includes billions for grid resilience, a range of support for the battery supply chain, and
billions to fix or tear down dams in the United States. The CHIPS and Science Act, meanwhile, also includes serious
money for clean energy research, development, and demonstration (RD&D), though again, that funding has only been
authorized and not yet appropriated.

A common theme across these laws is that they are, for the most part, all carrots and no sticks. The carrot-only
approach means there will be some very large subsidies utilized to achieve really expensive emission reductions,
whereas if there were a simple federal mandate and/or carbon price, it could focus investment on getting the cheapest
tons of reductions available. By their nature, tax credits help make uneconomic things viable, and cheaper ways to
achieve or produce things may end up getting crowded out of the market due to subsidies. There is concern that
building lots of technologies under heavy subsidies will result in technologies that are not lowest-cost and so will not
scale globally. Mandates will also have to be utilized (judiciously) in addition to carrots.

IMPLEMENTATION

All the money appropriated through the recent federal laws is only as good as the implementation. In the 2009 stimulus,
collective bureaucracy (at the federal, state, and local levels) and the lack of shovel-ready (i.e., permitted and insured)
projects meant that much of the funding never got deployed. A little more than a third of the billions earmarked for
infrastructure actually made it out the door; Congress reclaimed the rest a few years later and put it to other uses. That
example should be a cautionary tale for the present opportunity, where the volume of funding available is many times
greater.

There may come a moment within the next few years when there will be political questions asked about where the projects
are that the money was meant to spur. Already, for instance, there are concerns about the fact that DOE’s Loan Programs
Office (LPO) has only gotten a small amount of the billions it got under the laws out the door. (Some are optimistic, though,
that LPO will accelerate its loan issuance, as well as its loan subsidy money, as it works to put
systems back in place that got shut down under the previous administration.) Likewise, there

Because the is a sense that EPA must accelerate implementation of the green bank funding it received.

public sector Recognizing that no Republicans voted for the IRA and that elections could bring changes in

has enabled. the party control of the White House and Congress, it will be imperative to lay a strong foundation
)

private sector
will lead.

6

over the next couple of years for the survival of the funding, including by deploying the funds
effectively and efficiently and by integrating them with private sector action.

The laws are already impacting companies’ decisions and creating a giant pull of capital
to the United States. Because the public sector has enabled, the private sector will lead.
Manufacturers are deciding to build factories and hire people this year because of the IRA. Projects that have been
sitting are moving now because of the tax incentives and direct pay optionality.
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Treasury guidance is essential, however, to get money invested quickly. Treasury guidance is needed, for instance,

on direct pay, transferability of tax credits, and a glide path for requirements related to domestic content and U.S.
manufacturing. (U.S. manufacturing requirements are important for security and supply chain reasons, but the desire
for more U.S. products tomorrow should not slow deployment of currently available technologies today.) Until the
detailed rules are written and clear, investors will not know how to factor the credits into their plans and capital stacks.

Treasury guidance is also needed on the 45Y tech-neutral tax credit. The credit, which starts in 2025, goes until the later
of either 2032 or when the United States has reduced power sector emissions by 75% from 2022 levels. (That is in some
ways a national clean energy standard enacted through the tax code, though unlike an actual clean energy standard,

a carrot-only approach for new clean energy does not mean existing high-emitting sources will be retired.) Typically,
there is no investment in projects dependent on tax credits until Treasury guidance is issued. Final investment decisions
are typically made about two years ahead of time, so for a tax credit that starts in 2025, guidance would ideally be issued
immediately. The Treasury Department, however, has delayed issuing 45Y guidance because of the later start date. That
not only delays final investment decisions, but also creates political vulnerability for the 45Y credit should control of
government change in 2024.

The IRA places significant focus on low-income communities, including tax credit adders for projects benefitting low-
income communities. There is debate about how to qualify low-income customers. Typically, this is done by income,
and low-income programs have many rules about making poor people prove they are poor — the result of which has
been fewer low-income people participating in those programs. The policy solution may be self-attestation —i.e.,
believing people when they say they are poor. There is precedent for this, but there is opposition from those who believe,
despite studies to the contrary, that welfare fraud is rampant.

Even with the guidance and rules from Treasury, there are fundamental obstacles that could slow implementation.
There are concerns, for instance, about whether the domestic content, environmental justice, and other requirements
in the laws will significantly hinder near-term deployment by limiting the eligible options available. The many agencies
involved in disbursing funds also have different rules and interpretations, and the more requirements increase in
volume and complexity, the slower the process goes and the fewer projects get completed in a timely way. Similarly,
projects are competing for limited resources and materials, and engineering, procurement, and construction (EPC) firms
are overwhelmed with work; the results are cost increases for materials and projects, which mean the federal dollars
may not go as far as originally hoped.

For many of the funds directed at buildings (including for installation of heat pumps, water heaters, induction stoves,
and the like), contractors often end up making the decision (or at least determining the options) for homeowners, and
most contractors are not very aware of the range of opportunities in the IRA for customers. In communities where
budgets tend not to support going through contractors, most folks either have relatives help update their homes or
do it themselves, which presents a very different educational challenge. Getting technological solutions adopted
requires socializing them, which in turn requires understanding the different values and dynamics among the various
fragmented members of society.

In addition, it is virtually impossible to build stuff in the United States to address climate change unless siting and
permitting challenges are addressed. There is a wide spectrum of public opinion on siting decisions and energy
infrastructure projects of all kinds, and some clean energy projects can be stymied by local opposition, wildlife
protection considerations, and lengthy National Environmental Policy Act (NEPA) processes. Renewable energy
development is increasingly becoming part of political tensions — an ideological challenge in local communities. There
are anti-wind moratoria and setback requirements in formerly friendly places such as Iowa, and local opposition has
become a huge problem across the entire country. Massive increases in renewables deployment may be impossible
unless something changes in the relationship between counties and states with respect to siting and permitting. To
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accelerate permitting, there have been some calls for immediate approvals for decarbonization projects with well-
understood impacts, but it is not clear how to achieve that. Another possibility is automatic denials for projects that are
not compatible with the climate future, but that is also challenging.

STATES

The delivery of most of the federal funding from the recent laws occurs in and through the states. Itis truly a
deployment centered in cooperative federalism, and there will be a huge need for intergovernmental cooperation, both
across and within levels of government.

The federal funding, while not enough to build every single project needed for decarbonization, has been sufficient

to motivate state politicians (of both parties) and industries to take projects off the sidelines and push them forward
collectively. Some states are working hard to find matching funds, pursue labor commitments, engage environmental
justice communities, and line up other elements needed to compete for federal funds. The efforts are extending
environmental and energy agencies’ work into new areas.

Each state has its own unique priorities, attributes, and challenges, though many challenges are similar. For example,
the capacity challenges at the state and local (and federal) levels to implement the IRA and the IIJA are immense.
States and localities do not want to miss out on federal funding opportunities, but there is a significant lack of capacity
and bandwidth to track the many existing and new funding opportunities, understand the various agencies’ different
requirements and interpretations, and respond within the short turn-around times. Many states have had trouble
recruiting and retaining skilled agency staff. The IRA includes millions in funding for additional human resources for
federal and state permitting, but when split up among 50 states, the funding will not be sufficient to make a meaningful
dent in states’ human capacity challenges.

Implementation of the federal laws creates other challenges for states as well. For instance, there is a need for technical
support to help state engineers understand and gain confidence in new technologies. Federal funding can also help
states do spatial planning in pre-permitting to assess in-state locations that may be appropriate (or least bad) for

siting certain technologies; particularly in densely populated states, it is important to try to minimize the amount of
land-intensive energy generation needed, such as via more energy efficiency and more transmission. There are also
additional burdens on state agency staff from other elements of the clean energy transition that have not received as
much attention or funding, such as how to address disposal of clean energy equipment (e.g., wind turbine blades) at the
end of their lives.

CLEAN ENERGY DEMONSTRATIONS

The recent suite of federal legislation provided DOE’s new Office of Clean Energy Demonstrations (OCED) with significant
funding, including billions for demonstrations related to carbon management (e.g., CCS, direct air capture (DAC)),

clean hydrogen, advanced nuclear, long-duration energy storage, and industrial decarbonization, as well as for energy
improvements in mine lands and in rural remote communities. OCED has issued most of the funding opportunity
announcements (FOAs) for the demonstrations, and the last ones should be released soon.

These clean energy demonstrations are not meant to be prototypes. They are first-of-a-kind commercial-scale facilities
that are meant to be going concerns (without government involvement) after they get operating. Cost-share minimums
for the demonstrations make sure the private sector has skin in the game. Cost shares can be very challenging for
applicants, however, particularly for billion-dollar investments and given some of the decision timetables laid out in
OCED FOAs.
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OCED has been preparing reports exploring the pathways to commercial lift-off for each of the various key technologies.
These are not policy documents. The reports are meant to be easily digestible roadmaps capturing the perspective of the
private sector with respect to the current state of play and what it will take to achieve market lift-off. The aim is to get
to a common fact base, build confidence that these are investible, bankable solutions, and ensure that DOE investments
are de-risking the challenges identified in the reports. The reports also provide context for the FOAs and will be used to
facilitate more informed conversations with the top teams applying for some FOAs, to learn about their approach and
risk management plans.

Picking the right projects is a central challenge for OCED. The Office has to evaluate applications on costs, technological
readiness, lifecycle benefits, impacts, replicability, community acceptance, environmental justice benefits, how quickly
they can get done, and more. OCED needs independent experts who understand the challenges around project finance
and commercial-scale projects to read the proposals, evaluate and score them, and help make decisions about which
ones receive investment. There will be a tsunami of merit reviews needed in the coming months, which means OCED
needs hundreds of people to help evaluate proposals. It is hard, however, for DOE to find the right experts to do rigorous
merit reviews of the applications. The private sector is scooping up much of the available human capacity to work

on projects, which is great, but it means lots of experts are conflicted out of helping DOE. There could be a role for
philanthropy in creating an army of seasoned, retired professionals to do reviews.

It is vital to design and deploy a portfolio of successful demonstration projects quickly, to withstand the naysayers

that are inevitable in DC and to influence everything else coming down the pike. However, managing major capital
expenditures and major capital projects principally for speed may involve tradeoffs with respect to quality and cost,
which could affect the success of the transition. If speed is to be a driving force, it should perhaps be so only for the
early stage-gates, not for the full spend. DOE can de-obligate and reallocate funds as needed if projects are not coming
to fruition, to ensure federal money is put to productive use.

While the OCED demonstrations are focused on big, multi-million-dollar projects driven by companies that are

scaling today, there are huge numbers of startups that are looking for much smaller opportunities to do pilots or
demonstrations. Innovators — particularly in states that do not have rigorous programs for incubators and startups —
need help at a much smaller scale than what is available in the federal funding opportunities. The CHIPS and Science
Act created a national incubator program, but it still has to be funded. To build the pipeline of innovation, more support
for little projects is needed, whether from the private sector or DOE.
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ROLE OF CAPITAL MARKETS

While the recent federal laws will deliver billions of dollars in funding per year, trillions need to be deployed globally
each year (and billions every day) to achieve climate goals. There are three general categories of capital relevant to the
transition: taxpayer capital, ratepayer capital, and private capital. Since taxpayer and ratepayer dollars are limited,
private investment is vital.

INTERSECTION OF POLICY & MARKETS

Markets are often talked of as a climate solution, but they are also a big reason the problem exists in the first place.
Markets are set up to privatize gains and socialize costs, to the detriment of the atmosphere, communities, and more.

If done right, policy and proxies for policy — such as environmental, social, and governance (ESG) investing, voluntary
carbon markets, and greenhouse gas accounting rules — could start to tether private gain to social and climate benefit.
Policymakers know that public money must mobilize private investment and that policies must be designed to intersect
with capital markets. That is how the trillions of dollars ultimately needed will be unleashed.

There is, however, competition for capital. If dirty has a higher rate of return than clean, that is where the capital will go.
The problem at its root is the lack of a price on carbon. Policy has consisted of contorted efforts to get around that, such
as by giving things with more climate value large subsidies. Large subsidies and financing programs such as those in the
IRA, however, raise concerns about moral hazard and may in some cases risk slowing, not accelerating, progress. Based on
the long history of federal incentives (e.g., solar and wind tax credits), developers will be told to wait on projects until they
can get the federal money, even when they could have profitably deployed private capital anyway. At the same time, it is
not good for the market to believe that the tax credits could disappear or that provisions and funding could get rolled back,
making it essential for Treasury to issue guidance as soon as possible in order to get money and projects moving.

If the goal is to get new technologies into the market faster, there may have to be greater willingness to use blunter and
faster instruments, such as procurement orders and advance market commitments. These instruments can lead to fast-
er capital formation, bring technologies down the learning curve, and help them build a profile more attractive to more
traditional investors.

ESG

While policy can de-risk projects and investments, policy can also create additional risks. A clear example of that is the
current political tension over ESG investing. ESG is under heavy fire from the political right (though it is also somewhat
under fire from the left). The anti-ESG legislation being passed or pushed in some states could present an existential
threat to the clean energy industry and challenges for clean energy investors. The industry must get smarter about how
it reacts. Financial companies are making clean energy investment commitments because that is where the market

is going (and they are the right thing to do), but it can be very hard for financial corporations with a global portfolio to
manage the political realities in the United States compared to those in the rest of the world.

The political tensions about ESG are also a distraction from actual financial reality. Analyses of bank financing have
found that low-carbon projects are still getting significantly less financing than fossil projects, but achieving climate
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targets will require low-carbon projects to be receiving several times the financing for fossil by 2030. More pressure,
including via shareholder resolutions, is needed on banks to shift financing to low-carbon projects. The problem, again,
is that the returns tend to be better on one side than the other, due to the lack of a carbon price, and the energy system
is run by profit-seeking companies selling products and services to utility-seeking customers.

To achieve long-term goals, the blending and balance between the E and S of ESG will be critically important, as the
issue of mining makes clear. The energy transition will require a massive increase in the number of mines producing
many critical mineral commodities. It takes many years to get a mine going, compared to only a couple of years to get
a gigafactory up and running — which suggests those factories will be facing material shortages. Prices are reacting to
shortages, which is incentivizing new supply and spurring investment of equity capital into mining assets. Although
building more mines is essential to producing more critical minerals for clean energy technologies, it is hard to see how
that will be accomplished in a way that does not significantly impact underserved communities and lead to widescale
environmental (and other) issues.

There are opportunities, though, to achieve both E and S objectives. For instance, the financial community has one arm
working on Opportunity Zones and another arm working on implementation of the federal incentives, but those have
not yet been linked. Opportunity Zones will direct trillions of dollars of investment into disadvantaged communities.

If that opportunity was expanded to include energy communities and other IRA designations, there would be a ready-
made multi-trillion dollar receiving environment that also meets environmental justice goals.

VOLUNTARY CARBON MARKET

Capital flow is not just about banks and investors; it is also about customers and companies with money to spend and
sustainability commitments to meet. The private sector is at the end of the beginning of big net-zero announcements, as
companies are pressured to show how they will make investments over the rest of this decade. Having a robust voluntary
market in carbon credits would bring in more capital and liquidity. If the markets can go beyond short-term trading to
create long-term pricing signals for carbon, such long-term instruments (which are in place in other markets) could unlock
even more money and underpin financing of companies. Although voluntary carbon markets can scale, they still have a
long way to go, many issues to work through, and not much time to do it.

There is a large quasi-regulatory ecosystem, involving greenhouse gas accounting

rules and protocols around carbon credits and offsets, that has a huge influence on Although voluntary
flows of private capital to address climate. Companies will direct capital towards carbon markets can
things they get credit for under systems such as the Greenhouse Gas (GHG) Proto- scale, they still have a
col and the Science Based Targets initiative (SBTi). The rules are not directing cap- long way to go, many

ital in the most carbon-effective fashion. Without the right incentives, companies

issues to work through,
and not much time to
do it.

will spend capital on things with no climate value but get credit for doing them.
The carbon accounting rules are hugely important.

Developing the appropriate incentive structures is vital. For example, it would
be beneficial to center the concept of present value in the financial discussion,
creating a time-weighted system that recognizes the cumulative nature of the greenhouse gas problem. Retiring a credit
today should be worth more than waiting 10 years; earlier emission reductions are more important than delayed ones. If
that was present in the incentives, capital could be deployed faster.

The GHG Protocol is launching an update process, the outcome of which is not yet clear. Since it provides the basis for
how companies and the private financial sector set goals and deploy climate-related capital, the updates could have
significant impact in increasing demand in the voluntary carbon market. Engagement in the GHG Protocol and SBTi
processes to get the rules right must be a priority.
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ELECTRICITY SECTOR

Of the big sectoral sources of greenhouse gas emissions, the easiest one to decarbonize is electricity — but it is still
incredibly hard. It is also a sector that most people agree will need to get bigger to solve the climate problem. It is both
part of the problem and part of the solution.

A BIGGER, DECARBONIZED SYSTEM

To get to net-zero, the power sector has to decarbonize on an earlier timeframe than other sectors. The electricity sys-
tem will also need to grow a lot, though not much more than it has grown historically. Getting to a much bigger grid will
be challenging, however, given how hard it is to build any infrastructure in the United States right now.

In particular, transmission access, siting, and permitting remain fundamental challenges. The interconnection queue
process is broken, and solutions must be found to cut timelines for getting clean energy on the grid. A large portion

of the potential emission reductions from the IRA could be lost if the rate of transmission buildout does not increase
dramatically. There has been significant opposition from industrial customers to big trans-
mission expansions, out of concern about costs going up. Landowners, too, have been strong

Beyond siting
and permitting,

opponents, sometimes going as far as harassing employees of companies that are large ener-
gy buyers and that have advocated for transmission projects. The voice of skeptics is rising
transmission in public narratives, raising doubts about the ability of the broader transmission ecosystem
planning will be to be ready to connect clean energy resources; there is a need to more clearly and publicly

key, and more
states should

articulate that these ecosystem challenges are being worked on. In addition, when transmis-
sion is built, it is vitally important to build with the expectation of growth, so the infrastruc-
ture can endure without significant retrofit. Transmission to maximize offshore wind, for
voluntarily plan example, may want to install DC lines first, rather than starting with AC lines.

together.

Beyond siting and permitting, transmission planning will be key, and more states should
voluntarily plan together. The Federal Energy Regulatory Commission (FERC) also needs to
determine some standard way to evaluate and assign benefits and costs, especially for interregional projects. Indeed,
better planning is needed across all the inter-related systems, including generation, transmission, distribution, and natu-
ral gas. The whole interconnected network has to decarbonize. Distribution may be one of the hardest to solve for, as it
is most closely tied to customers’ desires and experiences. There is no software or model available off the shelf to plan
for all these systems; there is a huge need to develop a piece of software to do it.

The growth needed in the grid means many terawatts of carbon-free generation need to be built, but utilities’ integrated
resource plans (IRPs) are falling short in trending toward a clean electricity system. The stated targets in these plans,
much less what the plans actually intend to build, do not get the sector to where it needs to be in 2035. Most utili-

ties are not even coming close. Aggressive implementation of the IRA’s tools is needed to bridge the gap. The IRA has
started spurring some utilities to shift their IRPs dramatically, including massive increases in deployment of carbon-free
resources and battery storage (tied to the IRA’s tax credits) and early retirement of coal plants (tied to the IRA’s loan fa-
cility, put into LPO, to support transition and early retirement of energy infrastructure). The IRA’s tax credit for retaining
existing nuclear will also be very consequential. If the IRA is used well, it enhances the ability of utilities to move faster,
shift assets, benefit consumers, and reduce emissions.
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Although many utilities have put forth net-zero commitments, others have not (even if they aspire to net-zero), given

a lack of clarity around the technologies and options to actually get to 100% clean. They can get much, but not all, of
the way there with current technologies, including significantly increasing renewables, closing coal, and extending the
operating lives of existing nuclear. Utilities know, however, they will need some form of new 24/7 dispatchable genera-
tion. There need to be solutions that can cover new surges in daily or seasonal usage, whether EVs charging at night or
buildings’ heating demand in winter. Any new options have to be ready and available by the late 2020s and early 2030s
at the latest, so it is imperative to think, plan, and act now about technologies — centralized and distributed — that will
be needed. State legislatures and utility commissions, however, are still debating which technologies utilities should be
allowed to use; there is a need for education of officials about the importance of firm, clean resources. In the absence of
something new that is carbon-free and dispatchable, ensuring reliability and sufficient capacity may require natural gas
combustion turbines that run very rarely.

All clean technologies will be needed, as there will be starkly different uptake of different technologies in different parts
of the country (and the world). Delivering reliable decarbonization of the electricity sector also requires differentiation
of the various solutions and the attributes they bring beyond just zero-carbon. Capacity markets are not designed to do
this. Grid operators have to provide top-down clarity of what is needed to decarbonize the grid reliably, which will pro-
vide the signal private capital needs to invest. In addition, there are national-level decisions that will affect buildout and
technological availability, including decisions about tariffs on imported solar components and development of high-as-
say low-enriched uranium (HALEU) production for advanced nuclear reactor fuel. These technological unknowns are
another wrinkle in the challenge of transition planning.

COMMUNITY ENGAGEMENT & OWNERSHIP

Community desires and opposition could present potential roadblocks to deployment of some technological options,
particularly at scale. Communities sometimes have strong views on what they want and do not want. In some commu-
nities, there is deep, intergenerational resentment of energy companies, chemical companies, and others. Community
resistance also builds up due to past overpromising about the number and quality of
jobs that would be created from renewable energy development; many clean energy
projects do not create a lot of sustained jobs. There are different sets of people with Community desires
different reasons for being skeptical about projects and for fearing a transition that and OppOSitiOl’l could
is unfamiliar to them. When it comes to siting energy infrastructure, NIMBYism

present potential

(not-in-my-backyard) is not political. People sometimes do not want energy infra-
roadblocks to

deployment of some
technological options,
particularly at scale.

structure, of any sort, going through their yards or in their communities.

Paying insufficient attention to human and community elements is built into current
systems. Engineering students, for instance, may only ever talk about humans in
one class about ethics. Itis vital to understand what is happening on the ground

with people and align that reality with the objective of addressing climate change.

Community engagement is essential. People protest projects when they feel like they have not been consulted. Devel-
opers often do not talk to communities until they already have permits, and then they encounter opposition. Such road-
blocks are very avoidable. Talking to communities earlier can make it much easier to earn trust. Some states’ commu-
nity solar programs give points to developers that have already talked to communities (though too small a percentage
of the community solar built so far has been for low- and moderate-income customers). Similarly, in California, efforts
to engage communities and environmental justice groups early, in good faith, and with nuance opened up avenues for
progress on a bill establishing a framework for deploying CCS in the state. Affirmative, proactive, honest community en-
gagement has to be part of the checklist in a way it has not been in the past, and regulators should demand that inves-
tors and developers talk to communities before applying.
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Community engagement is in the clean energy community’s self-interest in other ways too. For example, there is ge-
nius-level talent and energy in communities that will not stop working to fix and develop those communities; that talent
and energy must be leveraged.

Consultative processes matter, but so do job creation and other local benefits. Not enough people currently benefit from
clean energy to constitute an active constituency that will advocate for it in the public sphere. The way some people

are talking about community benefits now is very focused on jobs and employ-
ment. There are lots of ways that the clean energy transition can help communities,
If communities have including health benefits and wealth creation. Expanding the conversation could

the opportunity for bring more people along.

wealth Creation, they The health benefits of clean energy and other decarbonization solutions are sub-
are more ]ike]y to stantial. In fact, in certain localities, the health burdens caused by pollution have
want things built in become so expensive that the local healthcare system, in its own economic interest,
has decided to pay for residential building electrification efforts. The preventative

X health care benefits that clean energy and electrification provide should be an im-
Communlty portant element not only in policy and financing discussions, but also in community
ownership promotes engagements.

multiple definitions of

their communities.

) . . Likewise, community ownership can be a key part of a bargain with low-income
eqU'ltY! 1nc1ud1ng both communities with respect to siting and permitting of infrastructure. A small stream
social justice and of revenues from clean energy projects can make a big difference in reducing com-
stock ownership. munities’ opposition. Startups that cannot offer communities a share of revenues

(as that represents lost company value) can offer a share of equity in the project,
which means the community is investing in the success of the project, taking a risk
with the developers, and getting a multiplier of dollars if the project is successful. Similarly, offering people the oppor-
tunity to be co-owners of shares in a local clean energy microgrid could change what is possible from a regulatory and
permitting perspective. If communities have the opportunity for wealth creation, they are more likely to want things
built in their communities. Community ownership promotes multiple definitions of equity, including both social justice
and stock ownership. Clean energy developers need to add community ownership to their toolboxes.

Not all developers are willing to reach out and provide benefits to communities, and they make everyone else’s job hard-
er. On the other hand, it can be hard for project developers to identify “the community” they should be reaching out to.

There should also be incentives for YIMBY communities. There is no need to persuade every community in the country.
Instead, developers should find communities and people who have enthusiasm and will compete to host their projects.
Finding the communities that are ready to go can catalyze the communities that are not quite sure.

CHALLENGES IN PROVIDING A RELIABLE, SAFE, & AFFORDABLE SYSTEM

As people are relying on electricity more than ever, utilities and regulators are looking at how to provide reliable, resil-

ient, accessible, affordable, and clean energy. Some consumers care where their electrons come from, but affordability
and reliability, which are what most customers focus on, are immovable guardrails. High cost will slow the transition;

lack of reliability will stop it.

States are failing citizens repeatedly when it comes to reliability and safety. Storms regularly knock out power for
hundreds of thousands of people, both in summer and winter. Reliability challenges will only grow as states experience
more impacts from climate change. Reliability is generally more about the state of the distribution (and, somewhat,
transmission) system than about power generation. The distribution system must be made more reliable. People,
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including children, are being killed due to contacts with downed wires. Solutions such as advanced nuclear and CCS do
not necessarily bring customers greater reliability and safety in communities. More decentralized solutions may be bet-
ter in that regard, such as microgrids, community solar, and solar with storage. Virtual power plants, energy efficiency,
and demand response should also be accelerated. In addition, unlike a decade ago, software, computing ability, sensors,
and physical data center and fiber infrastructure are readily available to every utility, operator, and planner; these digital
tools are wildly underused, and state utility regulators are not aware of their capabilities.

The costs of maintaining reliability are mounting precipitously, and those costs are going into rates. Energy costs are
rising. Arrearages are piling up. Regulators are in a tough spot, trying to achieve decarbonization in a cost-effective way
while the costs of reliability and the burdens of energy costs on communities are both mounting. Constraints relat-

ed to what can be rate-based and concerns about customer bill impacts have stalled projects that would otherwise be
economical, but education of regulators and stakeholders can sometimes carve out a path for clean, affordable, reliable
technological solutions or green tariff options.

Federal funding in the IRA will lower costs for customers, and regulators are asking utilities to include federal incentives
for consumers in utility plans, but utilities do not administer those programs and do not know who participates. There
is a need for a workable evaluation, measurement, and verification (EM&V) model that utilities can bring to their states
to account for the federal incentives.

A change in ratemaking could spur better results on reliability, safety, cost, and other areas. Performance-based rate-
making, instead of just giving utilities an allowed rate of return, could score elements such as emissions, cost, reliability,
and safety and set up an incentive system to align returns with achievement of those objectives. The idea has been
talked about for decades.

ROLE OF LARGE ENERGY BUYERS

Some big energy buyers have deployed a ton of energy efficiency and renewable energy measures, but they are running
into the same problems that many others are: costs are up, supplies are down, solar panel sourcing is complicated, and
regulatory approval processes are cumbersome. For companies that are large energy buyers, state tariff structures are
what determine the power they use, but tariff structures under which people and companies sign up for clean energy
have not really changed in how they are designed and regulated for decades. More people and entities need to be edu-
cating regulators, intervening and offering comments in proceedings, and focusing on changing the products offered to
consumers. In the meantime, leading energy consumers are working with the many utilities they take service from to
create programs that give customers (themselves and others) greater access to clean energy.

Energy buyer capital has been deployed in renewable energy primarily through power purchase agreements (PPAs)
because there were not really other mechanisms to invest in the marketplace. The investments started as a willingness
to spend to meet sustainability goals, but they became a hedge against the volatility of natural gas prices. If fossil fuels
are eventually phased out of the grid, however, there will be no marginal signal to hedge around. There is a big industry
built around a product signal that may at some point be driven out of business. This represents a serious threat to pri-
vate capital deployment from companies with significant load — load that will only increase as transportation and other
end-uses electrify. For buyers to deploy capital, they need a mechanism that is not based on the differential between
renewable PPA cost and natural gas cost.

Buyers’ focus on PPAs has also been driven by the way customer goals and carbon accounting are set up — incentivizing
buyers to pursue actions that deliver renewable energy credits (RECs), such as via PPAs, and disincentivizing support for
utility innovation to decarbonize the grid mix. Utilities and customers may both want more clean energy, but because
of the fight over RECs, they cannot really work together. Grids, however, are more than the sum of their parts. Each big
customer pursuing its own aims feels like the right approach from an enterprise standpoint, but it will not result in the
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systemic changes necessary. The best-case result is an inefficient system, and the worst case is an unreliable one. For
example, some utilities are finding that large energy buyers procuring huge amounts of renewable energy are putting
utilities in a place where they feel the need to have emitting resources on the grid to ensure reliability. Public and
private customers’ policies focused on procuring certain percentages of renewable electricity could end up having no
impact on reducing greenhouse gases in some grids. Decarbonization is a systems issue, and the current arrangement
is not optimized for decarbonization. While operation and investment occur at enterprise scale, planning must occur
at grid scale. Instead of looking at the carbon accounting within a company, large buyers should be looking at the plans
for decarbonizing their regional grids and figuring out how they can contribute to the aggregate outcome, whether that
involves storage, transmission, or other efforts. Ways must be found to reward customer actions that support grid de-
carbonization, and utilities and buyers need to push for plans to get to decarbonized grids faster.
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OIL & GAS

Most big oil and gas companies are having active internal conversations about their decarbonization and transition am-
bitions and strategies. At the same time, given the global turmoil in energy markets and the sanctions against Russia,
large oil and gas producers feel an obligation to supply energy to ally countries to help them with energy reliability and
security challenges. There are some clear tensions and conflicting imperatives in the sector.

GEOPOLITICS, CLIMATE, & LOCK-IN RISK

The oil and gas industry is not monolithic, but rather features a range of actors and owners. The household names of the
publicly owned integrated oil and gas companies, sometimes called supermajors, represent a relatively small percentage
of global oil and gas production. A roughly equivalent amount of oil and gas production is owned by private equity. A
much larger amount of production comes from national oil companies (NOCs), which are owned by countries. These three
types of entities have different incentives, intentions, and priorities as the world goes
through geopolitical upheavals and contemplates a global energy transition.

Solutions such as wind
and solar are already

The planet’s fossil consumption has either already peaked or will by the end of the
decade, according to analyses. Coal has already peaked, oil is peaking, and gas’s
peak has been pulled forward by Russia’s invasion of Ukraine. Although there can the lowest-cost form of
be false peaks, solutions such as wind and solar are already the lowest-cost form of new energy for almost
new energy for almost the entire world. No one wants to be the investor that invest- the entire world.

ed at the peak. As markets recognize this, the first actors to bear the brunt will be
the publicly owned integrated companies, which tend to be the best actors in terms
of overall performance. Such a market reaction is not yet evident in those companies’ stock prices, but if it happens,
that will put more of the decarbonization challenge on the NOCs, which have some perverse incentives and are likely to
make less economically rational decisions.

In light of the need to increase production in response to near-term geopolitical realities, some oil and gas companies
have revisited their climate targets, including making decisions to slow the divestment of mature assets from company
portfolios. Companies are getting criticized by some for increasing production, but they have yet to be taken to task for
how their climate commitments were structured in the first place to allow asset divestment to count. Companies that
have divested mature emitting assets have been rewarded by investors and can focus more attention on low-carbon
solutions, but while divestment of an asset will affect a company’s carbon accounting, it does not actually further decar-
bonization if someone else buys and operates that asset. Divestment just changes the name on the deed. If assets are
sold to entities that are not as good stewards of them, divestment could actually lead to emissions being worse. Com-
panies need to determine if there is a class of companies they will not sell assets to and if there are liabilities they will
retain (across pollution issues, not just climate).

While it is necessary to backfill lost supply to meet current hydrocarbon demand, it is not possible to meet the Paris
climate goals while using oil, gas, and coal at anything like current levels. It is imperative to move in the direction of
fundamentally reducing demand. Filling the energy gap caused by geopolitical disruptions, for instance, has occurred
both by finding more molecules and by reducing demand (e.g., by exponentially increasing heat pump installations in
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Europe).

When immediate energy supply becomes insecure, people can respond by making decisions that have long-term impli-
cations. Thereis a question, for instance, of whether oil and gas companies investing in new infrastructure are willing
to retire it early after the near-term backfilling need has passed. The new infrastructure has a lifespan of many decades,
past the point at which much of it must be retired, repurposed, or replaced if climate targets are to be met. When capi-
tal is deployed for emitting infrastructure that requires 20-30 year paybacks, there is concern about locking in emissions
for decades. In contrast, of less concern are investments that have very short payback periods, such as investments in
incremental production and improved gathering infrastructure.

The tensions between transitioning and meeting current hydrocarbon demand will be present for decades. There is a
huge divide between the path the world is currently on and the path and speed the science says are needed to reduce
emissions to limit warming to even 2°C or 2.5°C. Some maintain the oil and gas sector can contribute to near-term
emission reductions, such as by replacing coal around the world with liquefied natural gas (LNG). Since carbon dioxide
(CO2) emissions persist in the atmosphere, emissions reduced today are worth more than emissions reduced in a few
years, and approaches that emit less than current options should be pursued. Lock-in challenges, however, apply to
such efforts too; near-term reductions that result in locking in long-lived emitting infrastructure for decades could lead
to emission reduction pathways that dead-end well short of climate targets. In addition, methane has such a powerful
short-term warming impact — with a global warming potential (GWP) many times greater than CO2 — that if even rela-
tively small percentages of gas leak, the short-term climate impact may not make the longer-term carbon benefit worth
it. The details matter a lot. (The sense of risk and urgency around methane should be further heightened by the fact
that, as the planet warms, the expectation is for huge amounts of methane to be released from permafrost in the Arctic))

Oil and gas companies need to figure out how much carbon and methane they will be selling in a few years, and the
market may need to drive that answer. Companies need a driving force to get there collectively, and if the market is
demanding it, companies will respond. For companies that are at least partially owned by countries, pressure from the
government and the public can complement the market as a driving force. In addition, it is worth thinking about which
parts and attributes of the oil and gas industry will be needed or useful for a much longer period of time. For example,
aspects of the industry are very skilled at managing big energy systems and building large projects offshore, both of
which are skills that will continue to be valuable in a decarbonized future.

DIFFERENTIATION

A Paris-compliant world is not necessarily a world with no fossil fuels, and energy access in lower-income countries still
depends on fossil fuels. The environmental community makes a tactical error in equating climate security with zero
fossil fuels. If there will still be fossil fuels used going forward, a key question is who will be producing them. If a lot of
leading countries and companies exit oil and gas production in an effort to transition, but demand is not reduced, the
vacuum of energy supply will be filled by someone. Who fills the vacuum matters a great deal in terms of international
cooperation and security.

There are national oil companies in the Middle East that can credibly claim that they have the lowest-carbon barrels of
oil and should be the ones producing the last barrels. Crude oil market trading is not currently set up to recognize such
differentiation, though it could be, and there are some conversations occurring. Although most of oil’s climate impact
comes from its consumption, the upstream can make a significant difference in the overall emissions associated with
any given barrel. There are challenges with the notion, however. For instance, independent third parties will not be go-
ing into every company, and certainly not into every country with a national oil company, to verify claims, so questions
of carbon accounting and transparency would loom large. In addition, one barrel of oil could be molecularly different
from another.
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The differentiation question arises for natural gas, too, but conversations there may be less advanced. State public util-
ities commissions (PUCs) review gas supply plans from utilities, but apart from inquiring about reliability, they tend not
to inquire about the upstream (e.g., minimum production standards, flaring protocols) — though they could. Account-
ing, tracking, targets, and attributes are associated with the supply of electrons on the electricity side, but the same has
not been done for methane molecules. The consumer muscle of states with carbon targets has not yet been leveraged.

OTHER OPTIONS FOR MOLECULES

Electrification can replace oil and gas demand in some cases. For instance, for light-duty vehicles, electricity is the
cleanest and most efficient answer. For building energy needs, electrification may be the best approach in warm cli-
mates, whereas in colder climates, a hybrid, dual-fuel approach may be more viable, with the gas system as a backup for
peak heating days. In the United States, most gas utilities are part of a combined gas-electricity utility system, which
can provide a transition pathway for those utilities and their investors.

Even if huge amounts of renewables are deployed and sectors are electrified, there are some things electricity cannot

do (at least with current technologies). In sectors such as aviation, shipping, and industrial production, there will be a
need for zero-carbon molecules to go along with the zero-carbon electrons. A key conversation that needs to be had
with oil and gas companies is what those molecules should be and where to get them. (There is also a question about
whether remaining solely in the molecules business is enough of a strategy on which to base the future of the business.)
The integrated oil and gas companies are choosing different pathways, and it
is good that many approaches are being developed, as it is unclear what the

answer (or answers) will be. If these companies lead the way, NOCs will have In sectors such as aviation,
to follow. shipping, and industrial
Some companies are using capital generated from oil and gas to invest in new productlon, there will be
technologies for the transition. Some in the sector, for example, are directing a need for zero-carbon
funding into biofuels, hydrogen, and CCS, which all have promise and chal- molecules to go along with

lenges. For biomass, there is not nearly enough sustainable biomass supply. the zero-carbon electrons.
Still, the biodiesel industry is only 20 years old and is already producing a

decent percentage of on-road diesel in the United States. There have been

periods during that 20 years when biodiesel did not seem promising, but the technology, product quality, and breadth of
feedstock are better today, as are the carbon intensity reductions. Biodiesel today is not biodiesel a decade ago, and the
innovations will keep coming to address remaining challenges.

Hydrogen, depending on how it is produced, could play a big role in industry and in providing heavy transport fuels, but
probably not as a retail fuel. Several gas utilities have put forward the idea that gas assets will not be stranded because
they will be repurposed to deliver hydrogen to homes, but that may not be a viable option; the reality will just be lock-
ing in gas infrastructure. Because of the IRA, more opportunities are opening in hydrogen (and ammonia), but although
federal investments can help make clean hydrogen cheap, they cannot make people buy it. Hydrogen demand is a big
issue. How hydrogen is produced also strongly affects its climate impact. In addition, hydrogen has its own indirect cli-
mate impacts when it leaks into the atmosphere. The GWP of hydrogen is several times that of carbon dioxide, and the
leakiness of hydrogen for different applications must be considered.
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DECARBONIZING CEMENT

Cement and concrete, which are foundational to societies, represent a small but significant percentage of global green-
house gas emissions each year. Cement is the binder ingredient in concrete and is what pretty much all of concrete’s
carbon emissions are attributable to. Most of those emissions are in the developing world, and an even greater percent-
age will be in the coming decades. The United States can pioneer things, but systems must be built for emerging mar-
kets and developing economies.

ADDRESSING THE CURRENT CEMENT PRODUCTION PROCESS

Decarbonization of current cement production involves addressing either the heat used in making cement or the carbon
dioxide released from the chemical breakdown of limestone during the cement-making process itself. With respect to
the former, most cement kilns burn coal and petcoke. One of the main decarbonization levers the industry is pursuing
in the near term is to replace some coal or petcoke with waste-derived fuel that can be diverted from landfills; this is
low-cost but controversial, as it does not produce significant emission reductions and is a debatable waste management
strategy. Cement kilns burn things at really high temperatures, with long residence
times in kilns, so most things will burn completely; they just cannot burn things that
Decarbonization will exceed air pollution permits. It is worth exploring what role there is for tradition-
of current cement al environmental regulation (e.g., air pollution, water pollution, solid waste manage-

pI'OdLlCtiOIl involves ment) in decarbonizing cement.

addressing either Since pretty much anything can be thrown into a cement kiln, energy costs for kilns
the heat used in are very, very low. Electrification of industrial processes is physically possible, such

making cement or as through electric arc furnaces, but for high-temperature exothermic industrial

. . processes (such as making cement), electricity is very unlikely to be cheaper than a
the carbon dioxide ( g ) y is very y

disordered form of energy such as heat. Electrification of high temperatures involves
released from the much higher costs than current processes. Clean hydrogen is also more expen-
chemical breakdown sive. There are explorations underway of alternative heating approaches, including
of limestone during next-generation concentrated solar power that could provide high temperatures
cleanly, but these are not yet commercialized. To address cement emissions (and

the cement-making
process itself.

industrial emissions more broadly) globally and at scale, economic decarbonization
options for heat must be developed.

Even if a decarbonized fuel source is found, the existing way cement is produced —
the chemical breakdown of limestone — leads to substantial process emissions. CCS could be very helpful, there are
several technologies already deployed or under development that can do it, and there is sufficient potential carbon
storage space available. There are also a lot of potential synergies, such as closing the loop by using the captured CO2
for curing. However, economic drivers to install CCS technologies are limited, and the technologies’ costs are fairly high
(though the costs may be better than existing estimates suggest, and the 45Q tax credit could make a difference in the
economics). Adding CCS into the cement-making process does not add value, and voluntary markets are not big enough
to make it economical. The technology therefore is not yet widely deployed in the industrial sector. There is not even a
pilot, although a couple of U.S. plants are currently doing front-end engineering design studies to investigate CCS with
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DOE, and there may be pilot projects that include CCS within a couple of years. CCS costs about the same as electrifi-
cation, but potentially with greater emission reductions. As an alternative way to address cement’s process emissions,
there are also companies that are developing new chemical processes on new rock (i.e., not involving the chemical

breakdown of limestone) to make ordinary Portland cement in ways that are low-cost and potentially carbon-negative.

There are incremental measures to reduce emissions from cement and concrete
that should not be overlooked in favor of shiny new technologies, particularly since The average life of a
there are lots of federal dollars flowing now into infrastructure and buildings that cement p]ant 1s 40-
50 years. U.S. plants
are very old, with

will require a lot of cement. Some companies are pursuing process solutions with
conventional cement that could achieve some measure of emission reductions,
including blended cements that replace some of the traditional clinker (one of

the key raw materials) with lower-carbon supplementary cementitious materials an average age of 34
(SCMs) such as clays and ground glass. years. The impending
Retrofitting cement plants to improve energy efficiency or otherwise change sys- fleet turn?ver ) 00
tems could be part of decarbonizing the sector, but retrofitting plants in developing opportunity to come
countries would be necessary. The average life of a cement plant is 40-50 years. In with investments to

U.S. plants are very old, with an average age of 34 years. The impending fleet turn- retrofit facilities. but
)
over is an opportunity to come in with investments to retrofit facilities, but that

that ready opportunity
is not the case outside
by far the largest) will be pursuing retrofits anytime soon. the United States.

ready opportunity is not the case outside the United States. Chinese plants, for
instance, are very young, and it is unlikely the Chinese cement industry (which is

The different approaches have different potentials for achieving emission reduc-
tions, with electrification falling pretty low on the scale. Resources should be allocated to accelerating the opportunities
with greater potential, including novel processes for making the same cement, CCS, and SCM alternatives.

REDUCING & REPLACING CONVENTIONAL CEMENT

Another approach to reducing emissions from the sector is to simply use less cement. That could involve efforts on
both the demand side and the supply side. With respect to demand, promoting more efficient deployment and use of
cement could be part of a durable solution. Significant emission savings globally could come from changing designs up
front and by utilizing new building methods that reduce waste. For example, one way to radically reduce the cost of new
nuclear power is to rethink the use of concrete to use lower volumes and do more prefab.

Recycling could theoretically reduce some of the need for new supply, but it faces numerous challenges. For example,
recycling concrete to incorporate demolished structures into new concrete would be a new composition, so it would have
to be evaluated for cost and for strength over time, and building codes would need to be changed. Recycling concrete as
aggregate (which is basically gravel) also has rather minimal emission reduction potential, since the emissions associat-
ed with aggregate are mostly from transporting it. There is an opportunity to grind up demolition waste concrete, spread
it out, let it absorb CO2 from the atmosphere, and then use it as an aggregate, but the economics do not really work, and
space is needed to do it. In addition, there is more novel technology that can take old concrete, mill or grind it, separate
out the rocks from the cement powder, and put the cement powder back into a kiln to reduce some of the original feed-
stock. Cement absorbs carbon dioxide over its lifetime, though, so when it is put back into a kiln, that CO2 gets re-emit-
ted; depending on the cement involved, the level of emission reductions is probably small, but not insignificant.

There are people working on a range of novel cements, but these could be very slow to adopt, and regulations do not al-
low their use in structures. Deployment would require convincing structural engineers the new material is acceptable to
use and educating the world workforce on the installation of the new material. A related area of research is on carbon
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curing. Making a concrete block usually involves lots of steam and high amounts of energy. If curing occurs in a CO2
environment, it happens much faster with much lower energy input, and the CO2 gets fixed into the concrete blocks.
This could be one of the few uses for captured CO2 that has some permanence; if structures are not demolished for
decades, the CO2 should stay fixed for a long time. If those structures are made via 3-D printing and so have no steel,
even more carbon can be put into the concrete. Again, though, there are challenges about regulations, materials testing,
and establishing and convincing people that it can be used safely for structural purposes. There are, however, uses of
concrete (e.g., paving) that are not structural.

There are also efforts to develop and deploy materials to replace concrete. People rarely realize how ubiquitous con-
crete is; it is among the most used materials on earth. Especially for structural, load-bearing needs, there are not many
alternatives that are as available and as cheap. There could be opportunities for substitution, however, on the margins
of the product. For example, mass timber could replace concrete in some construction uses, but it depends somewhat
on the regional availability of timber. There are also structural limits on how much can be used and for what. Wood is
a good alternative in some regions for low-rise buildings, but not for many other concrete uses (e.g., big bridges). Like-
wise, there are companies working to create pure graphene, which can replace some cement uses and provide greater
strength. Novel replacement materials, however, will face challenges similar to those facing novel cements, including
permitting, regulations, and convincing engineers that it is safe to use a never-before-used material to make a building,
dam, or some other infrastructure. Even if engineers are convinced and building codes updated, there are several layers
of insurance that could present problems. Concrete companies will insure their products; insurance on new products is
much more difficult.

POLICY NEEDS

Policy support and market development are needed along the entire chain, including applied R&D, demonstration, early
deployment, and mass diffusion. There is a need for policy to enable wide market adoption of fully commercialized in-
cremental improvements and interventions (e.g., alternative SCMs), as well as to de-risk new and emerging technologies
that will be needed. The politics of this, however, could be interesting and complex,
since alternative SCMs, new aggregate technologies, and other approaches could all
POIiCY support and affect particular constituencies (e.g., industries that mine aggregates).

market development

In the developed world, the cement industry will not be rebuilt from scratch; policy
are needed along

is needed to help decarbonize the existing fleet. On the production side, California
the entire chain, is the only state with a legally binding emissions target for the cement industry
including apphed (net-zero by 2045). That policy could serve as a model for other states. State policies
R&D, demonstration’ can make a difference, since concrete is a regional material. Because of its weight
and low cost, it is not worth trucking long distances. On average, it moves within a

early deployment,
and mass diffusion.

250-mile radius, so neighboring states can produce it, but for states that do not have
access to ports (to bring cement in via barge or ship), cement imports are unlikely.

California does not, however, have a procurement directive commensurate with
its emissions target; its Buy Clean law does not include cement or concrete. (New Jersey has a new law to incentivize
low-carbon concrete procurement.) Government procurement commitments could make a real difference in bringing
new low-carbon cement approaches to market. Incentives and public subsidies can help reduce the costs of technol-
ogies, but government procurement can complement direct incentives and emissions targets by providing a steady
market and a buyer willing to absorb an initial green premium. Procurement also provides data and transparency about
which materials are cleanest and should be rewarded in the market.

Procurement policies can be designed in many ways. Environmental product declarations (EPDs), which document the
environmental attributes of a product, are a tool that policies are starting to require from the industry to enable measure-
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ment and transparency. EPDs and lifecycle analyses, however, can be obstacles for startups. EPDs are for full-scale plants

that have been operating for at least a year. If EPDs are required for procurement, that means startups would have to build

and operate a plant in order to secure procurement, but many require procurement first in order to secure the funding

they would need to support a plant. Such a procurement system would benefit giant companies, not startups.

Advance market commitments can be a powerful procurement policy tool. Policies can be designed to support existing

technologies while also committing to products that can achieve greater reductions but are not yet ready or available

at scale. The advance commitment does not have to be at a premium, but rather could be at market rate; just the

existence of advance commitments would have an impact. There is also a need to think about things like performance

standards down the road, as well as other regulatory mechanisms to support uptake.

There could be a private sector role in driving demand as well, but it will depend on greenhouse gas accounting rules.

People are also considering whether lower-carbon cement could lend itself to an instrument market, similar to RECs,

though the challenges may be greater for novel materials than for new ways of producing the same material. There

are efforts underway to develop a framework analogous to unbundled RECs in the industry space, to credit value chain

investments in emission reductions.

Since many technologies for cement decarbonization are at very low levels of technological readiness, however, the

greater need currently may be for support, policies, and funding targeting the earlier stages of development. The suite of

policy support needs to include significant R&D funding and support for demonstrations. Big leaps forward will have to

be directly funded. With funding for the first time becoming available for industrial decarbonization, it is a good time to

talk about increasing ambition.

The recent pieces of federal legislation have provided lots of investment and
incentives for low-carbon materials and industrial decarbonization. The first
meaningful dollars are going into the sector now from the recent bills, and

a huge increase in resources is needed in the years ahead. Innovation on
industrial decarbonization is far, far behind at DOE, which has historically
been very focused on the power sector, but the energy-intensive, big-emitting
industrial sectors are the next horizon for DOE innovation policy. It is im-
portant that the money going into industrial decarbonization not get diverted
from heavy industry to light manufacturing. Heavy industry is not “hard to
abate” anymore, and federal funding will catalyze the deployment of techno-
logical tools in the market.

The funding that OCED already has for cement is substantial, but the quality
of the applications that industry will submit is key. High-quality, high-impact
applications must be encouraged. Over the next few years, the industry and
government have a chance to determine what the trajectory of the industry
will look like. Aiming big could unlock new technologies, shift markets to
low-carbon materials, and provide substantial emission reductions. Tinkering
on the edges or thinking small could mean missing the opportunity to turn a
massive global industry.

Over the next few years, the
industry and government
have a chance to determine
what the trajectory of the
industry will look like.
Aiming big could unlock
new technologies, shift

markets to low-carbon
materials, and provide
substantial emission
reductions. Tinkering

on the edges or thinking
small could mean missing
the opportunity to turn a
massive global industry.

Since the industry is, in fact, global, there are policy needs with an international focus as well. In places like the United

States, where there are large, vertically integrated multinationals that own the cement production, the concrete plants,

and the aggregates, there is generally uniform support for decarbonization. The U.S. industry recognizes the need for

action and is starting to test what it could look like. In some other parts of the world, however, especially places with

many small cement plants and a range of concrete suppliers, there has not been much uniformity or commitment to

decarbonization. Since the vast majority of additional cement production capacity will be coming in India and Africa
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(mostly built by China or by large multinationals creating agreements with local companies), there is an opportunity to
make sure these plants, which will be around for decades, are built clean from the outset. Energy-intensive sectors are a
key area of focus in the nexus between international trade and emissions reductions, and cement was one of the sectors
in the abandoned Asia Pacific Partnership, which involved harmonization of performance levels across countries. It
would be interesting to see what should be learned and resurrected from those efforts. Multilateral development banks
also can play a key role, but their existing guidelines on how to build cement plants are inadequate.
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A GLOBAL CHALLENGE

Climate change and the energy transition are global challenges, but the world is currently in a moment of incredible
flux, with a hot war and geopolitical realignments. There is a question as to whether global markets and global market
governance are equipped to get the world to net-zero. Measures are needed to encourage international partners, espe-
cially fast-growing developing countries, to be part of the climate solution.

LOCK-IN & TRANSITIONS ON A GLOBAL STAGE

Global greenhouse gas emissions continue to rise, and the projections over the years of what emissions will be at
mid-century have followed suit. Most policymakers do not appreciate the cumulative nature of the issue or the com-
pounding effect of emissions. To get to net-zero, a rising number of annual gigatons of emissions must be avoided or
removed, but decisions made now could have long-lasting infrastructure or net-
work effects that lock in emissions for decades. A principal challenge involves
the subset of the developing world that is projected to experience significant If developed countries
emissions growth, including Indonesia, Vietnam, India, and South Africa. Their can bring the costs Of

economies need to grow to increase prosperity for their populations, but their low-carbon alternatives

down far enough that the
cost of a new technology
is less than the variable

changed, but in terms of absolute levels, humanity has continually added new cost of the old process
energy on top of old energy. The world uses just as much biomass as it ever (“ShUtdown economics”),
did, and it uses more coal and gas. The growth in renewables has simply been developing countries may
added on top of that. It is not enough to subsidize and build new clean ener- voluntarily shut down

current resource mixes imply emissions growth. A global energy transition is
necessary.

The history of energy transitions is that the world has never had one. There
have been energy additions, not transitions. Shares of the energy mix have

gy; clean energy also must displace emitting energy. To achieve climate goals,

emitting sources because
that is the cheaper route.

subtraction, not just addition, is needed. Things are changing — the European
Union is furthest in the transition, and the United States is making progress —

but subtraction has not happened yet at the global level.

As complicated and layered as addressing the climate problem will be in the United States, it is even more complicat-
ed and layered in many other parts of the world. Industrialized economies are working incrementally from an existing
large base of infrastructure. Rapidly developing countries, in contrast, are in the process of building that base of infra-
structure, which is a very different capital deployment and market incentive situation. Financing clean energy devel-
opment in the developing world involves lots of risks (e.g., currency exchange rate risk), but few solutions are usually
offered. To shift developing countries away from what is already familiar to them, it is imperative to figure out the key
risks and to introduce solutions that address those in ways that incentivize private sector involvement.

One of the most important things the United States can do to contribute to the global solution is to show that it can ac-
tually be done. In the process of doing that, the United States needs to drive the cost of alternatives down to close to or
less than high-emission options. If developed countries can bring the costs of low-carbon alternatives down far enough
that the cost of a new technology is less than the variable cost of the old process (“shutdown economics”), developing
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countries may voluntarily shut down emitting sources because that is the cheaper route. (Shutdown economics may
not work in countries such as China, where the sectors are state-funded and -controlled.) If developed countries live up
to their commitments to get to net-zero by 2050, however, that also means there will be a lot of cheap oil, coal, and gas
available for the rest of the world.

THE TRADE-CLIMATE NEXUS

In taking domestic action, it is imperative to address the trade-climate nexus. For decades, countries will be at different
places in their transitions. Countries at the forefront will pay more, and if their industries are exposed and leaving, the
transition will not be viable. It is undesirable for American ambition on climate to mean American industries leave; that
sort of global leakage (i.e., emissions go down in the United States but go up wherever the industries relocate) destroys
domestic will to act and does not help the climate. To date, U.S. climate policy has not been much of a driver of leakage,
in part because there has not been much U.S. climate policy, but that does not mean there could not be more leakage as
climate policies get stronger. At the same time, the globalization of supply chains basically decoupled the emissions the
United States produces from the emissions the United States consumes. That has created a sort of carbon loophole. For
a range of reasons, the need to confront the climate-trade nexus is inevitable.

One of the few areas of bipartisan agreement in the United States is the dislike of trade and globalization as they have
recently been practiced. Trade is vital, however, including as the means by which the innovations that are developed in
the United States and elsewhere get disseminated to other parts of the world. Disabling or materially impeding trade go-
ing forward would be detrimental to efforts to address the global challenges of climate change and the energy transition.

There is a need for trade policy coherence with domestic investments, and there are times the climate, national securi-
ty, trade, and domestic economic objectives are in tension. In the recent past, the United States invested in solar, and
China successfully dumped panels into the economy with the aim of destroying the U.S. manufacturing sector. China’s
dumping of solar was bad in terms of domestic manufacturing, but it was very helpful for spurring very cheap solar

that could help address climate concerns. On the other hand, if a country is exporting cheap technology into another
country’s market, it is not installing that technology in its own market. Driving down the global price of goods with dirty
energy and forced labor also makes it harder for better production of those goods at scale to happen elsewhere. There

is a need for more nimble trade remedies, and decisions on those remedies should be technocratic instead of political.
Politicians tend to make suboptimal decisions on whether and how to mitigate risks to industries.

National security, access to materials, human rights, and supply chain failures are among several impending supply
chain risks around the transition that are linked with China. There is a lot of vilification of China in the United States,
but the China situation is very complex. China is committed to hitting its greenhouse gas targets, is likely to peak emis-
sions soon, and is still the largest producer of virtually every critical asset needed for the transition, but it is building
new coal plants for economic security reasons. China also is not as much in the world as it was a few years ago. For
instance, it seems to have met its commitment to stop overseas coal plant financing, amid a general decline in its overall
power project financing, though its reasons for doing so were multifaceted. In addition, China started its long, slow pop-
ulation decline recently, which could lead to decisions and actions that could further cause geopolitical disruption. The
United States is creating more separation from China for many reasons.

If the United States is moving away from a global trade system to one in which manufacturing is re-shored or friend-
shored, that is a very different trade world. It could mean reversing some carbon leakage by bringing manufacturing
back home, but it could also mean the loss of an important source of leverage that could be used to shift policies and
emissions trajectories in other countries. A better framework is needed to think about clean energy inputs and goods
and determine which things are more or less important to re-shore.

There is some political interest in the United States in pursuing some version of a carbon border adjustment (CBA)
mechanism, rooted in a desire to take advantage of the U.S. emissions advantage over Chinese industrial production.
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CBAs are a border tax for imported products that taxes either the entirety of the emissions of a product or some portion

that is differential to the consuming economy. Some system of border adjustments is necessary for national policies to

operate as part of global action.

For a country with a carbon price (including a cap-and-trade system), having a CBA mechanism is economics 101.

Adopting a domestic carbon price makes a country's internationally traded products less competitive; carbon prices are

primarily effective for products that are not trade-exposed. They are only effective for trade-exposed products if there is

some sort of mechanism to level the playing field. The economic tool for that is a CBA mechanism.

The United States does not have a domestic carbon price. It has a big mix of policies that could be translated into a sort

of implicit carbon price, but that it is very difficult to do. Some argue the United States does not need a domestic carbon

price to implement a CBA, as it could use classic tariff policy and look to carbon performance per unit of output as a

metric of comparison. The global trade system is based not on harmonization but on interoperability; that is the basis

of the global customs system. The world, for instance, has been doing border taxes for ozone-depleting substances un-

der the Montreal Protocol for decades with no real disputes, in a way that is well-implemented and that conforms with

World Trade Organization (WTO) rules. The legal standard for WTO compliance is comparative effectiveness — treating

imported products the same as domestic products, such as by requiring products to be produced in a way that is com-

parative to domestic performance. A carbon margin could meet that standard.

The European Union has adopted the classic CBA approach, with a domestic price and a border adjustment mechanism

to avoid leakage. Its Carbon Border Adjustment Mechanism (CBAM) forces companies to pay for every molecule, wheth-

er they out-perform EU facilities or not, and penalizes countries that do not have a carbon price. Some argue that the

CBAM’s approach is not about comparative effectiveness and violates WTO rules by specifying other countries’ policy
mechanisms. (Although there are debates about whether the EU’s CBAM or a U.S. CBA would pass muster with the WTO,
many people also seem not to care if they do or not.) The idea that there will be a massive clean energy trade war with

Europe is exaggerated, but it is important to think carefully about the protectionist elements of the IRA and the effects

of the CBAM on U.S. companies.

A key challenge with the EU’s CBAM is that it left developing countries out of the
fold, and they are livid about it. For many developing countries, the EU has basically
told them that their former colonial power, which put a lot of infrastructure in their
countries to extract their natural resources, will now be taxing them on that legacy
infrastructure and the exports they produce that they need for foreign exchange.
CBAM is a stick to try to push climate action in other countries, but more thinking

is needed on how to incentivize, encourage, and facilitate more climate solutions

in quickly growing developing economies through both carrots and sticks. To the
extent sticks are used, they should be designed with phase-in periods and other
technical support and approaches to help countries. Solutions must be found that
are developmentally appropriate. Developed countries have an obligation to be part
of the effort to help emerging economies grow and grow clean, including by opening
(not narrowing) trade avenues. Itisimportant to have a positive narrative about the
opportunities arising from the transition to a clean energy economy. Diplomacy, gov-
ernance, rule of law, financial instruments, and many other elements are essential
tools to pursue.

CBAM is a stick to try
to push climate action
in other countries,
but more thinking
is needed on how to
incentivize, encourage,

and facilitate more
climate solutions

in quickly growing
developing economies
through both carrots
and sticks.

Data is an additional challenge, and the trade-climate nexus is yet another area where carbon accounting will play

an important role. There is lots of opportunity to offshore production or otherwise try to game the system. The EU’s

CBAM approach was pursued in part because a handful of key countries were not moving, not living up to pledges, and

not providing monitoring, reporting, and verification (MRV). The EU designed a system with the idea that consultants,
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lawyers, and others would be able to get from those countries very fine-grained lifecycle analyses down to the produc-
tion and product level. That is very unlikely to happen, but the terrible quality and spotty availability of energy and
emissions data out of big countries such as China are cause for concern. Trade regimes, however, do not generally need
to get down to the production and product level, at least at the start. In other contexts, a more generic approach has
been taken, starting with a country’s average based on sector intensity, not individual producers. Averaged data can get
the process started and can create incentives to get product- and facility-level data voluntarily disclosed. The Montreal
Protocol, for instance, has generic, sector, and specific layers, and producers have started self-providing data they were
not before, providing MRV where there had not been any. Similarly, with respect to fisheries, the approach has been to
take known parameters, come up with a generic number, and leave it to countries and producers to provide data if they
do not like the generic one.
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CARBON REMOVAL

It sometimes seems that people who use the term “net-zero” do not appreciate
what the “net” part means. The “net” comes from removals. Although carbon It sometimes seems
dioxide removal (CDR) is not a taboo subject anymore, removal of carbon dioxide that people who use
from the atmosphere is not quite as central to the climate agenda as climate sci-

, the term “net-zero” do
ence suggests may be warranted. The Intergovernmental Panel on Climate Change

not appreciate what

4}
house gas emissions is paramount, there will be a need for removals. the “net” part means.
The “net” comes from

(IPCC) and others have been very clear for a long time that, while reducing green-

removals.
TYPES OF REMOVAL APPROACHES

There are lots of different approaches to CDR, including engineered removal

technologies and natural removal approaches. These approaches need to scale to match the scale that climate science
suggests is needed.

In terms of engineered approaches, there are chemical pathways being explored and utilized to take carbon dioxide out
of the air (direct air capture, DAC) or the ocean (direct ocean capture). One DAC option being explored uses saltwater

to mineralize CO» into carbonates, which would make desalination facilities potential partners (i.e., to help with waste
management of brine). There are currently only a few, small-scale DAC facilities that have been deployed (in the United
States, Canada, and Europe), but more facilities and pilots are getting built. DAC was initially developed more by venture
capital money than by government funding, so it developed as modular systems that enable faster learning, rather than
larger systems that have economy of scale.

There are also engineered biological pathways that involve capturing CO, through biomass growth, producing power
from that biomass, and adding CCS to the system. Bioenergy with CCS (BECCS) is a scalable carbon removal technology,
with individual power plants capable of capturing millions of tons of CO9 per year. BECCS has been in the IPCC path-
ways for a long time, but there is controversy about how much BECCS can actually scale (i.e., how much supply there is
of sustainable biomass). It may end up being on the lower end of the spectrum.

In terms of natural removals, trees (and plants more broadly) are the quintessential carbon removal devices. Plants are
a natural way to capture and fix carbon from the atmosphere. Soil is also a great carbon sink, and there is a need for
greater focus on soil quality. Agriculture should not be overlooked in terms of sequestration. In general, nature-based
removals tend to be cheaper than engineered, but engineered removals tend to have much greater permanence (i.e., the
captured CO» stays sequestered).

ROLE & VALUE OF CDR

Carbon dioxide stays in the atmosphere for a very long time. Even if all emissions stopped today, there would still be a
need for removals. Carbon removal involves cleaning up the mess humanity already made.

If CDR could get to the point where it could be achieved at scale at a reasonable cost, that would make it a backstop
technology. If the costs come down, carbon removal could be relatively (but not infinitely) scalable and should be used
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to remove as many tons as possible. If there was scalable, cost-effective removal technology, it could be used to bring
atmospheric concentrations down, whether because of overshoot of the 1.5°C and 2°C targets or to go beyond those
goals. Net-zero is not the final goal; CDR is part of the strategy to achieve net-negative emissions. That means billions
more tons of carbon dioxide being removed for a long period of time — which means even if carbon removal might not
work or might not scale in the near term, it is still important to consider and invest in.

If humanity overshoots climate targets and uses CDR to reduce atmospheric concentrations, it is important to remem-
ber that doing so does not mean the climate will necessarily return to what it was. If the Greenland ice sheet melts, it
will not re-form once concentrations are brought back down. If humanity crosses climate thresholds, the climate at
later-reduced atmospheric concentrations will be a different climate (whether better or worse). Making the task even
more complex is the fact that most excess heat is stored in the oceans, which are in dynamic equilibrium with the atmo-
sphere. As carbon dioxide is taken out of the atmosphere, it is somewhat replenished by the ocean.

Although CDR may be used primarily to clean up the mess humanity already made (i.e., to address legacy emissions), it
may also be needed as an offset in areas that are really hard to decarbonize and thus where the cost of abating emis-
sions may stay too high. Aviation emissions could be an example. There is a need for
a drop-in liquid fuel that is energy dense. The two main pathways are e-fuels (which
depend on cheap electricity and hydrogen) and biomass (which has limited availabil-

Although CDR may

ity and lots of competing demands). It might be that doing removal as an offset for

be used primarily to
clean up the mess
humanity already
made (i.e., to address
legacy emissions), it

may also be needed
as an offset in areas
that are really hard
to decarbonize and
thus where the cost
of abating emissions
may stay too high.

continued aviation emissions is a more viable, cost-effective solution in the long term.
This would necessitate even higher levels of removals, and there are co-pollutant
challenges, but the need may be there nevertheless. If emissions continue but CDR
ramps up to the point that it all nets out, that climate math works. CDR could be a
valuable flexibility mechanism for the private sector.

For removals to scale to such levels, there will have to be a huge increase in the num-
ber of CDR facilities. When communities are approached about siting potential CDR
facilities, however, there can be confusion about the technologies, as well as potential
opposition. The technologies must be shown to be proven, and communities should
be asked if they want CDR facilities sited there, through a process that is inclusive
and transparent. There has to be a compelling story for communities about what
CDR is, what it means, and what its benefits are (beyond just monetary); the narrative
matters. As noted earlier with respect to infrastructure more broadly, CDR developers
should also be creating other benefits for communities, and the best outcome might
be community-led or -owned CDR facilities. Furthermore, technology transfer to the

global South will be key to successful scaling of CDR. All the innovation and research on CDR are in the global North,

and intellectual property rights are a constraint in the spread of CDR technologies even in the North, much less for tech

transfer to the global South.

If CO2 emissions cannot be reduced and removed at a sufficient rate, humanity may be driven to an option that involves

greater interventions that could have difficult implications. Geoengineering, including solar radiation management, may

be a few years away from becoming a mainstream topic of conversation, but it may soon become a necessary option to

stop planetary systems from irreversibly declining. There is a need for care and good regulations about potential im-

pacts from such planetary system interventions.

POLICY & FUNDING SUPPORT FOR CDR

For the most part, the scale of private buyers for carbon removal will not be large enough, which means policy and govern-

ment involvement are essential. There are multiple roles for public policy in CDR. Innovation policy and RD&D funding
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help bring the technologies down the learning curve. There are also other forms of government support, such as contracts
for differences in the United Kingdom and the 45Q tax incentive in the United States. There has been relatively little at-
tention paid to the IIJA provision specifically for CCS and DAC that provides tax-exempt project financing (private activity
bonds) for carbon capture projects, to complement the 45Q tax credit. Policy could also include price incentives and reso-
lution of the permitting and siting challenges that could hinder buildout of the necessary infrastructure.

Fundamentally, however, removing carbon at scale is a pure public good and will require public procurement — a public-
ly provided service to the country and the world. Carbon removal could be thought of as an atmospheric cleanup proj-
ect, and the financing needed is comparable to the size of the current global waste management industry. The public
already pays for Superfund, the cleanup of the Manhattan Project, and other similar efforts, and there are bipartisan,
bicameral bills in Congress to start spending on CDR procurement as a public good.

Until CDR gets to the point of being widely financed as a public good, CDR advances and deployment have to be funded.
Some of that support could come through subsidization or through performance standards (e.g., California’s Low Carbon
Fuel Standard, which includes CDR as an approved pathway). Other kinds of compliance markets could also provide
support, such as carbon trading markets in Europe. All of these should help lower the cost of removal.

Beyond compliance markets, CDR can be supported through voluntary carbon
markets. The voluntary carbon market will not provide the scale of financing Removals should not

be allowed to crowd out
reductions. Reductions

needed for all necessary removals, but it could still provide meaningful support.
Companies adopting climate commitments are willing to spend to meet them
(as long as their efforts align with the rules used to determine whether they met
them). CDR companies are already raising hundreds of millions in private equity need to happen now,
and selling credits in voluntary markets. Nature-based and engineered removal and removals need to
approaches, however, may need to be decoupled in the marketplace and treated be prepared for now. It
as separate things with different ends and economics. Nature-based projects

is important to clean up
the existing mess, but
contrast, are focused squarely on removals. There are different incentives and it is also imperative to
models involved. stop putting more mess
up in the atmosphere.

orized and favored over reductions. Both are needed. Removals should not be It is not one or the
allowed to crowd out reductions. Reductions need to happen now, and removals other.

have a variety of benefits and goals, including land conservation, agricultural
production, and support for indigenous communities. Engineered approaches, in

Among some of those working on voluntary carbon markets, removals are glam-

need to be prepared for now. It is important to clean up the existing mess, but it
is also imperative to stop putting more mess up in the atmosphere. It is not one
or the other.

Another way to help bring costs down is to utilize CDR approaches that generate value-added co-products. Co-genera-
tion can alter the equation by producing things of great value, whether carbonates, hydrochloric acid, green hydrogen,
freshwater, or something else. Co-products can reduce CDR costs and potentially even make it profitable. However, if
the economics of a carbon removal approach rely on one or more co-products, that means scalability can only occur at
the same rate as the co-product(s). Given the scale of removals needed, co-product markets can get saturated quickly.
Power production would be an exception, suggesting that BECCS might be more scalable.

The captured CO» itself could be one of those valuable products. One route for improving CDR (or CCS) economics is to
use the captured CO, for a commercial purpose. Putting too many constraints on what captured COy could be used for
could make it harder for CDR to get the funding and financing needed in the early days.
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USING THE REMOVED CO»

If CDR is accomplished via DAC, BECCS, or some other engineered approach, the captured CO9 must be stored or utilized.
To sequester carbon dioxide, it can either be put into geologic formations or be mineralized; both work well. (There are
also people looking at how to do mineralization while recovering critical minerals.) Alternatively, captured CO5 can be
utilized for a range of products, including concrete, vodka, diamonds, and fuels. Using captured CO, for these products,
however, is likely more expensive than alternative approaches, except perhaps in the case of enhanced oil recovery
(EOR).

There is strong skepticism about CDR from some young climate activists, who see it as providing cover for oil and gas
companies. Using policy to support EOR with captured carbon could reinforce that view and guarantee political op-
position to CDR from portions of the left. On the other hand, there are those who argue that EOR should be central

to domestic oil and gas strategy, as capturing CO5 and injecting it underground for EOR is one way to actually square
increased production and lower emissions. EOR production leaves injected CO» in the ground; done in particular ways,
EOR could be carbon negative. Taking EOR off the table also tells the Permian Basin, Wyoming, and other producing re-
gions that there is no role for them in a net-zero future. In addition, EOR is already a widespread practice, and the main
source for it currently is CO» that is mined out of the Earth — CO» that is already geologically sequestered. That reality
has to factor into the calculus too.
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APPENDICES: AGENDA

FRIDAY, MARCH 3, 2023

Arrivals and Check-In | joe’s Stone Crab, 11 Washington Ave, Miami Beach, FL 33139
Opening Reception
Opening Dinner

SATURDAY, MARCH 4, 2023

Breakfast

Welcome Remarks

SESSION 1 | Briefing Room: Briefing Room: Unprecedented Federal Investment

2022 witnessed the largest public investment in fighting climate change in history. In 2023, a key focus is how will we
“move the money?” Will it go to the highest and best uses? What are the obstacles to maximizing impact? Are the poli-
tics of this new-found federal investment sustainable?

Moderated by Roger Ballentine and Jim Connaughton

Discussants:

Katie Dykes, Connecticut Department of Energy & Environmental Protection
Todd Parfitt, Wyoming Department of Environmental Quality

Dan Reicher, Stanford University

Melissa Klembara, United States Department of Energy

SESSION 2 | An Even Bigger Pot of Money: Capital Marks and Decarbonization

Leading estimates suggest that multiple trillion dollars of investment per year is needed to decarbonize the global econ-
omy on a pace to achieve net zero emissions by mid-century. Governments alone cannot meet this challenge. Private
capital has an out-sized role to play. Across investment banking, asset management, and private equity, decarbonization
or climate change is increasingly a topic of discussion, but how is capital actually flowing and to what? Is capital seeking
decarbonization alpha? Eschewing embedded climate risk? Or just moving the deck chairs around? What are the drivers
and obstacles to creating a real decarbonization bias in the capital marks and how does this scale dramatically? Are
high-profile financial sector climate pledges and initiatives delivering impact?

Moderated by Roger Ballentine

Discussants:

Thomas Montag, Rubicon Carbon
Chris Weber, BlackRock, Inc.
Heather Zichal, JP Morgan Chase
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SESSION 3 | Oil and Gas

What does a decarbonization pathway really look like? Over what time frame? Different majors taking different ap-
proaches - expansion into other sectors like renewable energy; diversification in liquid and gaseous fuels; operational
footprint changes; and others. Are there multiple pathways? How do we manage a decadal low carbon transition in light
of socio-political economic exigencies and geopolitical tensions?

Moderated by Jim Connaughton

Discussants:

Mark Brownstein, Environmental Defense Fund

Andy Karsner, X, the Moonshot Factory

Cynthia (CJ) Warner, Chevron Corporation and Sempra
Jason Muller, Equinor

Forum Reception and Dinner

SUNDAY, MARCH 5, 2023

SESSION 4 | Taking Stock of the Progress to Net Zero in the Electricity Sector

The proliferation of strong decarbonization commitments of the electric power sector has been dramatic. Today, three-
fourths of U.S. electricity customers are served by a utility with a 100% carbon-reduction pledge or a utility owned by a
parent company with a 100% carbon reduction target. What is the state of progress against these commitments? What
are the obstacles to greater progress? How do market structures impact the decarbonization pathway? How far can the
sector go without significantly new technologies or policies?

Moderated by Roger Ballentine

Discussants:

Jon Creyts, Rocky Mountain Institute
Vishal Kapadia, Walmart Inc.

Jeff Lyng, Xcel Energy

Jeannette Mills, Tennessee Valley Authority

SESSION 5 | Decarbonizing Cement

Along with maritime shipping, steel production, and aviation, cement is considered a “hard to decarbonize” and highly
carbon intensive sector — accounting for approximately 7% of global emissions. What are the most viable pathways for
decarbonizing cement? What combination of efficiency, alternative energy, advanced technologies — and substitution —
make the most sense? What levers - policy and demand-side market pressures — are needed to accelerate change?

Moderated by Jim Connaughton

Discussants:

Cody Finke, Brimstone Energy

Rob Leland, Sandia National Laboratories

Christina Theodoridi, Natural Resources Defense Council
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SESSION 6 | Carbon Removal

Even the more optimistic global decarbonization pathways call for carbon removal — natural and engineered - as part of
achieving a net-zero mid-century economy. As the more optimistic timelines for emissions reductions slip further from
reach, the role of/need for removals increases. Is enough attention being paid to removals — or too much? What are the
solutions? Are the finance and market structures in place to scale removals? What new policy pieces are needed?

Moderated by Roger Ballentine

Discussants:

Will Gardiner, Drax Group

Calli Obern, Capture6

Alissa Park, Columbia University
Nat Keohane, C2ES

SESSION 7 | The Carbon Bomb: Leakage and Lock-in

When it comes to decarbonization, are we actually succeeding, or are we making things worse? As we work to bring our
emissions down, what’s actually happening is that emissions are going up due to the very significant differential in car-
bon intensity between developed and developing nations. As developing nations build out their energy production and
industrialization infrastructure, to the extent that they are predicated on fossil fuels, they may be locking in emissions
for a generation or more. As more efficient and clean end use technologies are being developed and mandated in the de-
veloped world, are we dumping the old technologies into developing markets? Is this a function of the “green premium”?
What are the right trade, energy, labor policies to minimize leakage and lock-in?

Moderated by Jim Connaughton

Discussants:

Jonathan Elkind, Columbia University Center on Global Energy Policy
Maureen Hinman, Silverado Policy Accelerator

Richard Newell, Resources for the Future

Forum Reception

MONDAY, MARCH 6, 2023

SESSION 8 | Wrap Up - Putting it All Together

Forum Adjourns
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