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On the heels of a climate-focused \WWorld Economic Forum in Davos, the unveiling of
Europe’s new Green Deal, and increased attention on climate change by the world's
largest asset managers and banks, climate change is undoubtedly Top of Mind. We

speak with Michael Greenstone of the University of Chicago, Nathaniel Keohane of
the Environmental Defense Fund and GS's own Steve Strongin and Jeff Currie about
the climate challenge, and what it will take to address it. We then turn to GS analysts
Michele Della Vigna and Alberto Gandoilfi to discuss how capital markets and climate
policy are driving transformational shifts in the energy industry, and what it means
for sector returns. Finally, our GS SUSTAIN team and head of the GS Sustainable

Flnance Group John Goldstem provide insight and advice on ESG investing and integration, and the growing
implications of shareholders and clients increasingly demanding more accountability on climate.
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If we end up choosing policies that are expensive, we're
going to run out of enthusiasm before we've made
substantial progress against climate change... carbon
pricing is our best bet to achieve carbon reductions on
the cheap.

- Michael Greenstone

Carbon pricing would enable specialization in finding a
solution based on who's best at solving the problem... as
opposed to who's causing the problem.

- Steve Strongin

The key [to ESG investing] is to clear out preconceptions
and treat ESG like any other investing question, which
requires forming a clear investment thesis.

- John Goldstein
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Macro news and views

We provide a brief snapshot on the most important economies for the global markets

us

Latest GS proprietary datapoints/major changes in views

e We think growth should pick up from its current pace of
around 2% to the 2.25-2.5% range, in part because of a strong
positive impulse from financial conditions.

Datapoints/trends we’'re focused on

e The decline of the ISM manuf. survey to a cycle-low; we expect
a gradual manuf. recovery on the back of encouraging January
surveys, reduced trade risks and firmer global growth.

e The impact of US election uncertainty on sentiment indicators.

e Arise in the GS wage tracker to 3% - 3%2%, a new cyclical high,
despite a decline in average hourly earnings growth.

Steady wage gains
GS wage tracker, percent change, percent change, year ago
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Europe

Latest GS proprietary datapoints/major changes in views

e \We expect a gradual reacceleration of growth to an annualized
pace of 1.2% in H1 and 1.5% in H2 2020.

e \We've raised our expectation for core inflation in the Euro area
by 20bp to 1.3% yoy by December 2020.

Datapoints/trends we're focused on

e A more encouraging Composite PMI, with new orders rising
sharply, despite an unchanged overall reading in January.

e Stronger forward-looking indicators, especially for German IP.

e The second phase of Brexit negotiations; we expect a more
elastic timeline than the UK government has articulated.

A sharp rebound
German IP and leading indicators, percent change, year prior
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Japan
Latest GS proprietary datapoints/major changes in views
¢ \We expect ¥3tn of the government's recent fiscal package
will be spent in FY2020, boosting growth by 0.3pp t0 0.4%.
e We lowered our Q4 2019 GDP estimate by 50bp to -3.0 goqg
ann. and marginally raised our recession prob. to 38%.
Datapoints/trends we’re focused on
e The domestic macro implications of the coronavirus, which
poses downside risks given inbound China tourist consumption
is currently 15x larger than during the 2003 SARS outbreak.
e The output gap; we think the BOJ will refrain from further
easing as long as it remains positive and ¥/USD is above 100.

Turning the fiscal corner
Estimated contribution to GDP growth of fiscal package, pp
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Emerging Markets (EM)
Latest GS proprietary datapoints/major changes in views
e No major change in views.
Datapoints/trends we’re focused on

e The coronavirus outbreak; past viruses suggests the hit to growth
should prove short-lived, though downside risks remain.

e Fiscal stimulus in Asia, with China, Japan, Korea, Taiwan,
Australia, and India set to boost spending in 2020.

e Russia's recently announced 0.5% of GDP fiscal package,
which presents upside to our above-consensus 2020 GDP
forecast of 2.2%.

History as a guide?
China retail sales (lhs); China industrial production (rhs), percent
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On the heels of a climate-focused World Economic Forum in
Davos, the unveiling of Europe’s new Green Deal, and increased
attention on climate change by the world’s largest asset
managers and banks, climate change is undoubtedly Top of Mind.
We dig into the climate challenge, what it will take to address it,
and the growing investment implications as shareholders and
clients increasingly demand more accountability on climate.

We start by speaking with two climate policy experts, Michael
Greenstone, Director of the Energy Policy Institute at the
University of Chicago, and Nathaniel Keohane, Senior Vice
President of the Environmental Defense Fund. They both argue
that putting a price on carbon is our best bet to realizing carbon
reductions efficiently, which is essential to managing the delicate
balance between pursuing cleaner energy and economic
growth—the core dilemma underlying the climate challenge. That
said, they believe that addressing climate change is not
incompatible with growth, but rather essential to it, as the only
path to a prosperous future is a low-carbon one (see pg. 22 for
GS economists’ review of climate change and growth).

But how wiill carbon pricing actually help achieve an efficient
solution to climate change? Steve Strongin, head of GS Global
Investment Research, explains that setting a price for carbon
would be an important step in incentivizing enough R&D to
actually solve the problem. And knowing what removing a ton of
carbon from the atmosphere is worth will motivate people to
maximize the amount of carbon removed per dollar spent—the
definition of an efficient solution.

That said, establishing a price for carbon is easier said than done.
In practice, the primary mechanisms for doing so are carbon
taxes, which effectively assign a price for carbon, and cap-and-
trade programs, which set a limit on emissions—typically for a
certain sector or industry—and enable participants to trade
emissions allowances under the cap, which gives rise to a carbon
price at which the demand and supply for allowances clears.

Greenstone is relatively agnostic between the two options; in his
view, any price for carbon materially above zero would be a
positive step, and whether we get there via carbon taxes or cap-
and-trade programs just depends on whether having certainty on
price (via a tax) or on emissions reductions (via cap-and-trade) is
more important, because you can't have both. Keohane believes
that any approach must put both a price and a limit on emissions
to ensure progress towards emissions targets. So he prefers cap-
and-trade programs to pure carbon taxes, and points to the
success of the 1990 cap-and-trade system for sulfur emissions in
eradicating acid rain as evidence that such programs work.

But Jeff Currie, global head of GS Commodities Research argues
that the acid rain problem was very different than today's climate
challenge; the number and diversity of countries involved was
smaller, the source of harmful emissions was more
concentrated, and income inequality—which lies at the center of
backlash to addressing climate change today—was lower. In his
view, that means rich people in rich countries will have to play a
larger role in solving (i.e. paying for) this global problem.

Strongin, for his part, agrees that rich countries will have to bear
the majority of the initial costs, and makes the larger point that
most of today's policy proposals to address climate change—
from carbon taxes, to cap-and-trade programs, and beyond—
share the problem of assuming that the answer lies with the
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Investing in climate change

So what exactly is the climate challenge?

It's the rise in the world’s average temperatures largely caused
by an increase in the level of carbon dioxide in the atmosphere,
which evidence suggests has increased the probability of
extreme weather events, raised average sea levels, and had
other negative consequences for people and the planet. At the
UN Climate Change conference in Paris in 2015 (COP21), 184
countries committed to the Paris Agreement, which pledged to
keep the rise of global average temperatures to well below 2 °C
above pre-industrial levels, and to attempt to further limit the
temperature increase to 1.5 °C.

source of the problem—utilities, cars and energy producers. But,
Strongin says, these sectors are not typically considered the
most innovative areas of the economy, and others may be better
placed to find more efficient solutions. In his view, a carbon price,
a funding mechanism from which to pay innovators for each ton
of carbon their technologies remove, and a referee to verify those
savings will motivate the most efficient answers.

Across the current spectrum of possible solutions, Strongin sees
the most hope for batteries and carbon capture and sequestration
technologies to be part of the climate solution, given their
immense scalability, as does Greenstone. But they point out that
we may not yet know which technology will be the best answer.
After all, Strongin says, no one could have anticipated that shale
would have solved the problem of "peak oil"—but it did.

Michele Della Vigna, head of GS Energy Industry Research, also
sees sequestration technologies as a potentially important part of
the answer. That's because his Carbonomics work has found that
today’s conservation technologies have the potential to abate
only about half of current carbon emissions at a carbon price of
less than $200/ton, and would leave a quarter unabated. More
broadly, Della Vigna argues that capital markets’ focus on
decarbonization is paving the way for an energy transition. Tighter
financing for hydrocarbon assets is driving consolidation in the oil
& gas industry, which he believes is likely to lead to a halt in non-
OPEC supply growth, higher energy prices and increased
profitability of Big Oils. In his view, these shifts should ultimately
enable Big Oils to be part of the solution to climate change.

Alberto Gandolfi, head of GS European Renewables, then takes a
close look at Europe’s new Green Deal—a plan for Europe to
reach net zero carbon emissions by 2050. He sees the plan as a
€7tn investment opportunity that will generate strong returns for
European “Climate Champions” in the coming decades, and will
likely reshape the larger economy in the process.

More broadly, how should investors—and corporates, for that
matter—approach green/sustainable investing? Derek Bingham,
head of GS Americas SUSTAIN research, answers our clients’
most-asked questions about ESG investing. And we then dive
deeper with John Goldstein, head of the GS Sustainable Finance
Group, who discusses everything from the investment rationale
for sustainable investing, to the ESG strategies that hold the
most value today, and those on the horizon for tomorrow.

Allison Nathan, Editor

Email:  allison.nathan@gs.com
Tel: 212-357-7504
Goldman Sachs and Co. LLC
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Interview with Michael Greenstone

Michael Greenstone is Director of the Energy Policy Institute at the University of Chicago (EPIC)
and former Chief Economist of the Council of Economic Advisers under President Obama. He
explains the importance of pricing carbon to unleash the power of markets and innovators to find
the most cost-effective climate solutions, and how the social cost of carbon can help set pricing

policies. He also discusses the promise of batteries and carbon capture and sequestration.
The views stated herein are those of the interviewee and do not necessarily reflect those of Goldman Sachs.

Allison Nathan: How should we think
about the tradeoff between
promoting economic growth and
mitigating the costs of climate
change? Isn’t there an unsolvable
dilemma in that the developing
countries that need to reduce future
emissions the most also have the
greatest need for cheap energy?

Michael Greenstone: That dilemma is what | call the Global
Energy Challenge—how societies around the world, but
especially developing countries, balance the need for cheap and
reliable energy that is so critical for economic growth with the
need to manage pollutants that result from that energy
consumption and increase the odds of disruptive climate change.
Societies are going to reach different conclusions about that
delicate balance based on a range of factors, including
economics, values, and preferences for redistribution today and
across generations. But figuring out the right balance on a global
basis is one of the most pressing challenges of our time and one
where | think facts and evidence can make a contribution.

Allison Nathan: Is it realistic to think that the lion’s share of
energy developing economies need to propel growth is
going to come from anything but fossil fuels?

Michael Greenstone: Not given the way that energy markets are
constructed currently where pollution, be it local air pollution or
greenhouse gases, is not priced. The result is an uneven playing
field that favors fossil fuels, and this is especially so in today's
developing countries. In the absence of fundamental changes in
the construction of these markets or the private costs of fossil
fuels versus low-carbon energy sources, we should expect
developing countries to continue to prioritize the use of fossil
fuels. We don't have many instances of economies achieving
high living standards without high energy consumption, and by
2040 energy demand in OECD countries should remain fairly
stable while roughly doubling in developing countries. So any
solution to the global climate problem will require changes in
developing economies’ energy markets or technological
breakthroughs to address their energy needs.

Allison Nathan: Is it possible to shift the economics of
energy in a way that favors cleaner energy sources?

Michael Greenstone: Yes. Climate change is the result of two
market failures. The first is that there is no cost to generating
pollution and the damage it inflicts on people and the planet. The
simple solution to that failure is to put a price on carbon so that
people have to pay to pollute. That would effectively raise the
cost of carbon-intensive energy sources. The complication to that
solution is that it reduces the purchasing power of consumers.
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But that could be mitigated, for example, by governments
refunding the revenues from a carbon tax to the public, and in a
progressive way that would ensure that the costs of the tax
would be borne by higher income households.

The second market failure is that there is too little incentive to
invest in R&D for low-carbon technologies because investors are
unlikely to reap all of the benefit of this R&D; even if the R&D
produces commercial ideas—which is not a given—basic
advances will inevitably spillover to others who didn’t incur the
investment costs. Again, there is a simple solution to this failure,
which is government funding/subsidization of basic R&D for low-
carbon energy sources or other technological solutions that will
make cleaner energy sources cheaper—and competitive with
fossil fuels—or carbon-intensive energy sources less polluting.
Another possibility is that rich countries could directly subsidize
the use of low-carbon energy sources in developing countries.
However, | would not want to run for Senator in Massachusetts,
Alabama, or really any state on a platform of “let’s pay for India
and China to have cheaper energy.”

Allison Nathan: What's the right price for carbon?

Michael Greenstone: Ideally, the price of carbon should reflect
the value of the damages associated with the pollution it creates.
During my time in the Obama administration, | co-led, with Cass
Sunstein, an effort to develop such a “social cost of carbon” for
the US government that added up the costs associated with the
release of a ton of carbon dioxide into the atmosphere in terms of
changes in mortality rates, crop yields, labor supply, flooding, and
so forth. The value that we came up with was $51/ton. So we
found that every ton of CO2 released into the atmosphere
caused $51 worth of damages in present value terms.

This estimate can be used for thinking about the “right” price of
carbon, and several proposals for carbon taxes in the US and
elsewhere have loosely pegged the tax to it. The estimate also
provides a bright line to assess which policies are worth pursuing,
and which ones cost more than they're worth. For example,
research | conducted on home energy efficiency programs, such
as attic insulation, found that the cost per ton of CO2 abated was
several hundred dollars versus only $51/ton of benefit. Given
these practical uses of the social cost of carbon, | think it's the
most important number you've never heard of.

Allison Nathan: How much confidence do you have that this
$51/ton estimate is still accurate today?

Michael Greenstone: At the time that we developed the initial
estimate, it was clear that the understanding of the science and
economics of climate change was advancing rapidly, and a
framework for how to ensure that the estimate remained current
was required. The Obama administration tasked the National
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Academy of Sciences with developing recommendations on such
a framework—which they’ve done—but those have been totally
ignored by the current administration. Under President Trump, a
series of changes have been made that have reduced the original
$51/ton number to somewhere between $1 and $7, but none of
the changes are justified by frontier science or economics
research—they were political decisions.

Seeing a clear need for robust research that could keep the social
cost of carbon current with the latest developments in the field,
myself and a few of my colleagues have established something
called the Climate Impact Lab, which aims to produce an updated
social cost of carbon that reflects the National Academy of
Science’'s recommendations. This is a work in progress, but |
think the $51/ton estimate will likely change once we follow the
recommendations and incorporate the latest evidence. At least in
the area of mortality, the most updated evidence suggests that
the costs of the release of a ton of CO2 for mortality alone appear
to be 10 or 15 times larger than what was embedded in the
Obama-era social cost of carbon.

Allison Nathan: Are cap-and-trade schemes or carbon taxes
more effective in achieving a price for carbon?

Michael Greenstone: Relative to where policy is today, | think
the debate about whether a cap-and-trade scheme or a carbon
tax is preferable is just a parlor game. The real issue is that the
effective price on carbon in most parts of the United States and
certainly around the world today is basically zero. So the first and
most important step is to raise the price of carbon towards the
social cost of carbon; whether we get there through a trading
scheme or a carbon tax is less important.

Allison Nathan: That said, policymakers will ultimately have
to decide which approach to take if we're serious about
putting a price on carbon. So how would you advise them?

Michael Greenstone: The primary advantage of a cap-and-trade
scheme is you have certainty on emissions, and the primary
advantage of a carbon tax is that you have certainty on price. The
dilemma is you can't guarantee both the price and the quantity.
So choosing the best approach depends on political and societal
judgments about the greater risk. If you think the greater risk lies
with the politics—and that big energy price spikes would
undermine the entire system—a carbon tax is more appropriate.
But if you think the greater risk lies with larger climate damages
in the event we end up getting more emissions than expected at
a particular carbon price, a cap-and-trade scheme is preferable.

Allison Nathan: If countries take different approaches to
establishing a price for carbon—and we end up with many
prices of carbon—what implications would that have?

Michael Greenstone: \\Ve already see an exceptionally wide
range of prices for carbon around the world; Sweden'’s price is
about $125/ton and the EU and California’s prices are in the high-
teens or low- 20s/ton. But these differences are a second order
problem. Right now, the average price for a ton of carbon across
the world is roughly $2.50 because most of the world has a price
of zero. So what strikes me as the most urgent problem are all of
those zeros. Once all countries are above zero and committed to
carbon pricing, | think the issue of different countries having
different prices that you're raising becomes a more important
one. Of course, the ultimate solution is a global price for carbon,
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but | don’t see that happening in the foreseeable future, given
very different fundamentals in India, China, and the US.

Allison Nathan: Should other policies beyond carbon
pricing—like efficiency standards, conservation policies or
sector-specific regulations—be part of the policy mix?

Michael Greenstone: The problem is that the primary
policy/regulatory alternatives to carbon pricing tend to be more
expensive on a per ton basis. This is especially the case for
policies that are more opaque in how they would operate and
less directly targeted at emissions reductions, such as energy
efficiency policies that generally have a diffuse set of goals. My
view is that if we end up choosing policies that are expensive,
we're going to run out of enthusiasm before we've made
substantial progress against climate change. That's why it's so
critical to ruthlessly search for the cheapest reductions in CO2.
And, honestly, carbon pricing is our best bet to achieve carbon
reductions on the cheap. That said, we should absolutely pursue
non-pricing policies where the current or future benefits in terms
of carbon reductions are projected to be larger than the costs.
The climate problem has arrived and we need to get on with it.

Allison Nathan: There’s a lot of activity and innovation in
low-carbon technologies. Which look the most promising?

Michael Greenstone: | think it's hard to see a path to a green
future that doesn’t run through more efficient batteries. In the
power sector, renewables run into the well-known problem that
the sun doesn't shine all the time and the wind doesn't blow all
the time. Right now, we're largely filling in those gaps with fossil
fuels by using natural gas plants. A greener alternative would be
to improve batteries so that they can provide the storage to
smooth out the production of energy from renewables. And if the
power sector becomes low carbon through the use of batteries,
they can also be the key to reducing petroleum consumption in
the transport sector. This would solve the problem that in some
states currently the CO2 emissions from an electric vehicle
exceed the CO2 emissions from an internal combustion engine
car—this is because in these states the EVs are basically plugged
into a coal plant. So | see batteries as potentially pivotal.

| also think that making serious progress on carbon capture and
sequestration has got to be an important piece of the puzzle. The
world is awash in inexpensive fossil fuels, and the idea that we're
just going to leave them in the ground strikes me as very unlikely.
So | think it is incumbent on the world to find a way to use them
that is consistent with climate goals, and the path to that is
through capture and sequestration. | consider it a tragedy of
policy that the world is not operating several demonstration coal
and natural gas carbon capture and sequestration plants at scale.

All that said, my views that these technologies will be at the
center of solving climate change are just guesses. The core
problem today is that we have not yet unleashed the power of
markets and innovators to come up with the right solutions. The
contrast with fossil fuel recovery where there is a clear price
incentive and the kind of miraculous technical achievement that
hydraulic fracturing for gas and oil requires is striking. Until
there’s a price incentive, and markets are allowed to do what
they're so good at—ruthlessly seek out the most economical way
to do something—we'll all be left just guessing as to what the
most promising low-carbon technology really is.
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Interview with Nathaniel Keohane

Nathaniel Keohane is Senior Vice President of the Environmental Defense Fund and former Special
Assistant to President Obama for Energy and Environment on the National Economic Council.
Below, he argues that the only pathway to future prosperity is a low carbon one, and that carbon

pricing, preferably via emissions trading programs, is central to achieving global climate goals.
The views stated herein are those of the interviewee and do not necessarily reflect those of Goldman Sachs.

Allison Nathan: The UN climate
talks that took place in Madrid last
month have been described as a
failure. Do you agree?

Nathaniel Keohane: The reality is that
the Madrid talks were never expected
to be that important. The meeting in
Glasgow at the end of this year is

o - more significant, because it will mark
the five-year anniversary of the Paris Agreement, when
countries are due to update and ideally strengthen their
emission targets. That said, Madrid was deeply disappointing.
First, parties were unable to agree on guidance around the use
of carbon markets to meet their targets. This issue was already
carried over from 2018, and was once again kicked down the
road. Second, parties weren't even able to agree on language
calling for more ambition in addressing climate change. While
such language would have been only rhetorical, the fact that
countries couldn’t agree to affirm that more ambition is needed
was not a good sign. So it's hard to describe Madrid as
anything but a failure. It certainly reinforced the sense that we
are seeing very little forward progress right now in the UN.

Allison Nathan: So, where are we today in terms of
achieving the Paris climate accord’s goal of limiting the
increase in global average temperatures to below 2
degrees Celsius above pre-industrial levels?

Nathaniel Keohane: We are very far away, and headed in the
wrong direction. Although growth in global carbon and
greenhouse gas emissions have begun to slow, emissions are
still rising. Even if countries met their current targets, we would
still be far off the trajectory needed to meet the two-degree
goal. Any chance of meeting it will require global emissions to
peak in the next decade—the sooner the better—and then get
onto a very steep downward path.

Allison Nathan: What is the most efficient way to achieve
the required emissions reductions—via policy or markets?

Nathaniel Keohane: Successfully addressing climate change
requires both policy and markets. Markets are the most
powerful force we have to address climate change, but they
won't move towards solutions on their own; private actors by
themselves generally won't take into account that emitting
carbon dioxide, methane and other greenhouse gases has
significant implications for the health of the planet and for
current and future generations. As an economist would say, we
are dealing with a massive negative externality. So we need
policies that harness the power of markets to achieve our
climate goals, in particular by rewarding private actors that
embrace and deploy low-carbon technologies and develop the
new and better technologies that we'll need.
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Allison Nathan: What government policies can most
effectively achieve this?

Nathaniel Keohane: First, we need policies that put a price on
carbon so that the damage to the planet inflicted by carbon
emissions can be embedded as an actual cost. This will provide
a powerful economic incentive to cut emissions by deploying
clean energy, reducing tropical deforestation, decarbonizing
industry, and so on. But the price is only a means to an end.
We need policies that reflect the end we're trying to achieve:
limiting the total amount of pollution that we put into the
atmosphere, and ultimately driving it to net zero. It's not
enough to just emit less carbon; to stabilize the climate, we
have to get to the point where we are taking out as much
carbon from the atmosphere as we are putting in. So it's critical
that policies establish both pollution limits as well as a price on
carbon, which will help steer us towards achieving those limits
in the quickest, most cost effective way.

Allison Nathan: So are cap-and-trade systems or carbon
taxes more preferable in addressing climate change?

Nathaniel Keohane: \We need both a limit and a price on
emissions, and there are multiple ways to do that. The
advantage of cap-and-trade programs is that, by design, they
integrate both; the cap sets a limit on total emissions, and
trading emissions allowances within that cap gives rise to a
price. This approach has proven successful in the past. The
most effective environmental policy the world has ever seen
was the trading system Congress put in place in 1990 to
address acid rain, which reduced the sulfur pollution that
causes acid rain by 86% between 1995 and 2015. And in the
climate arena, current cap-and-trade schemes in the EU and
parts of the US are leading to lower emissions.

In contrast, a carbon tax by itself only sets a price on carbon—
not a limit on emissions. That makes a pure carbon tax less
preferable, in my view. But carbon taxes could be structured to
incorporate a limit, for example, by including a provision that
sets out a trajectory for emissions reductions over time; if that
reduction isn’t met, the carbon tax would automatically rise.

Allison Nathan: Won't a carbon price high enough to
materially reduce emissions risk a political backlash to
climate change policies? Can such backlash be overcome?

Nathaniel Keohane: The politics cannot be ignored. We
learned that the hard way from the experience of the 2009
Waxman-Markey cap-and-trade bill, which passed the House
but failed in the Senate. A key lesson from that experience is
that those of us who advocated for the bill focused too much
on the mechanism of cap-and-trade and not enough on the
outcome—that is, the benefits that addressing climate change
would bring for the lives of taxpayers and voters, and for their
children’s lives.
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Today, | think people have become increasingly aware of the
damage from unchecked climate change because they actually
see it. The Australian wildfires are just the latest example of
the extreme weather events that climate change makes more
likely. But governments also need to clearly articulate to voters,
taxpayers, and consumers what they're getting out of policies
to reduce emissions.

Addressing climate change is not only compatible with growth
and prosperity—it is essential to it. There is no high carbon path
to future prosperity because the impacts of climate change will
be devastating to people, to economies and to the planet. A
prosperous future is a low carbon one. The policies we put in
place and the actions we take now and in the coming years will
determine whether the transition is one of high prosperity and
better, faster growth—or whether we put the brakes on growth
because we waited so long to act.

Allison Nathan: Do we need national climate legislation in
the US to really address climate change globally?

Nathaniel Keohane: In my view, the most important and vital
step that can be taken to address climate change globally is
passing national climate legislation in the US. First, national
action drives international action, not the other way around.
How far we get under the Paris climate accord will depend
entirely on what national and regional governments are willing
to do to fight climate change, and this is especially true for the
world's largest emitters. Second, while state-level action is
important, the US will never be able to reduce its emissions to
zero or beyond just by acting at the state level. Finally,
American leadership has always been—and remains—uvital to
this issue given America’s historical leadership role in
international diplomacy in general, and its place as the largest
emitter historically. We've put more carbon into the
atmosphere than anyone else. We won't have strong action
from China, India and others without acting here at home.

Allison Nathan: Does US national climate legislation
require bipartisan support? Is it naive to think such
bipartisan support is achievable anytime soon?

Nathaniel Keohane: For climate legislation to be effective, it
has to be durable. That's true for legislation in general, but it's
especially true for climate policy that will influence investors'
and businesses' decisions about real assets—power plants,
industrial facilities, manufacturing plants, and so on—that will
last 30, 40, 50 years. In order for those decisions to be made,
there has to be confidence that climate policy will remain in
place. And the best way to ensure that is to get bipartisan
support. So we have to aim for that. Is that naive? It's certainly
challenging, given the current degree of polarization on a whole
range of issues, but | think we need to try.

Allison Nathan: In that context, is this year's US election as
pivotal as it seems?

Nathaniel Keohane: Without speaking to the election
specifically, | will say that time is running out. Another four
years or five years of inaction on this issue will set us back
even further in terms of both America's emissions trajectory,
as well as our leadership in the world.
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Allison Nathan: How seriously should we take China’s
commitment to addressing climate change?

Nathaniel Keohane: Very seriously. China is acting for a set of
reasons. First, it needs to solve an air pollution crisis in its
cities, which reached a level that threatened the legitimacy of
the government. Taking action on climate—for example, by
reducing coal-fired power generation—also has clean air
benefits. Second, the Chinese government sees an enormous
opportunity to lead the world in renewable energy and other
clean tech, and climate policy can create a domestic market to
help support that. Third, under the Obama administration, China
saw leadership on climate as critical to its positioning as a
global power. That's less true now, which is one reason to
expect that while China will meet the commitments it has
already made, it likely won’t show much new ambition until we
have a US president that's willing to make it a priority.

Allison Nathan: Setting climate policy aside, what is the
most productive way for the private sector to engage in
addressing climate change today?

Nathaniel Keohane: |'ve seen a surge in interest from private
and institutional investors that want to play a bigger role in
addressing climate change. | think about investor engagement
in three buckets. First is investing in technologies that could be
part of the solution. There's a whole range of potential
technology investments, and we need all of them, from more
cost-efficient renewable energy, which is already showing
signs of scalability, to carbon capture technologies that are in a
more nascent stage, but show substantial promise. Second,
investors can divest from fossil fuel-intensive technologies.
Coal in particular is a no-brainer: the world should not be
investing in new coal-fired power plants, full stop. And, third,
capital owners and asset managers can take a much more
proactive role in pushing companies to do more on climate both
in their operations and their advocacy. So investors should be
demanding more of the companies they are investing in.

Allison Nathan: What will you be watching this year?

Nathaniel Keohane: Well, | will be looking to see whether
countries bring more ambition to the table when they revise
their targets leading up to Glasgow at the end of the year. But |
will be even more focused on developments at the national and
regional level, which, as | said, will be crucial to driving
international action. What will Europe do in the context of its
new Green Deal? How will China’s roll-out this year of an
emissions trading system for its power sector—the world's
largest—go? Will Australia respond to the wildfires with new
climate policy? At the international level, aside from Glasgow,
I'll be following the aviation sector. Starting next year, most
international flights will be covered by a cap on carbon
emissions at 2020 levels. If that system succeeds, it could be a
template for carbon markets globally.

Finally, despite the gridlock at the UN level, there is potential
for a coalition of countries to come together outside of the UN
process and agree amongst themselves on standards for high-
integrity carbon markets. Again, given the importance of
establishing a carbon price that will help harness the power of
the private sector alongside governments to address the
climate challenge, that would be a meaningful step forward.
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Interview with Steve Strongin

Issue 85

Steve Strongin is the head of Goldman Sachs Global Investment Research and a member of the
Board of Directors of Ocean Conservancy, the Jury of World Resources Institute's Ross Prize for
Cities, and the Becker Friedman Institute Advisory Council. Below, he argues that while most
policy proposals to address climate change today—such as cap-and-trade schemes and emissions
taxes—focus on emitters, it's not clear that's where the most efficient solution will come from.

Allison Nathan: Several experts tell
us that establishing a price for
carbon is essential to start to
address climate change. What will
carbon pricing actually achieve?

Steve Strongin: Carbon prices can help
address climate change in three ways.
First, the key to solving climate change
i is maximizing the amount of carbon
removed from the atmosphere per dollar spent. The only way to
motivate people to focus on the most efficient solutions is to
pay them per ton of carbon removed, and establishing a carbon
price per ton would be the first step in that direction. Second,
while most of the current policies and regulations focus on the
sources of carbon—utilities, cars and energy producers—it’'s not
clear that's where the solution will come from. Carbon pricing
would enable specialization in finding a solution based on who's
best at solving the problem—whether that be through different
agricultural practices, re-forestation or improved batteries for
use in the power sector, etc.—as opposed to who's causing the
problem. And, third, a carbon price will facilitate R&D because
the most basic element of investing is calculating the present
value of what the technology/solution might be worth, and that
requires a price.

Allison Nathan: Cap-and-trade programs are often
discussed as one of the best ways to establish a carbon
price. Do you agree?

Steve Strongin: Perhaps, but not necessarily. The problem with
most of the carbon price proposals today is that they essentially
assume the answer. The simplest example of that are cap-and-
trade schemes. These schemes basically identify a certain set of
emissions as the problem, and reducing them as the solution.
That may be the answer. But it also may be that those
emissions are actually economically efficient, and the solution
instead lies in reducing emissions elsewhere or capturing and
sequestering carbon. If that's the case, cap-and-trade doesn't
necessarily get you the right answer. In general, | think if we
continue to try to solve climate change by getting rid of
emissions sources one by one—via cap-and-trade schemes, or
taxes on emitters, etc.—it’s very unlikely to get us the whole
way there.

Allison Nathan: Experts often say that the “unleashing of
market forces” once we have a carbon price will lead to the
most efficient solution to climate change. Is there too much
optimism about the power of markets to solve this?

Steve Strongin: There may be. The key to unleashing market
forces is setting up conditions that allow people to make money
pursuing creative solutions. Case in point, in the 2000s, we
were concerned about the concept of "peak oil" and running out
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of energy. At the time, there was a similar debate about what
technologies were going to solve this problem. As it turned out,
we solved the problem, and a large part of the solution was
shale oil, which wasn't on anybody’s original list of potential
solutions; it was discovered because the oil price was high and
people were motivated to find an answer.

“ The key to unleashing market forces is
setting up conditions that allow people to
make money pursuing creative solutions to
the problem.”

Today, as | said, most of the policy proposals focus on taxing
emitters in the utilities and transportation sectors, rather than
solving the problem elsewhere. And it's ironic that the places
where we've provided the biggest incentives to come up with
technological innovation to solve climate change are electric
utilities and car companies, which are not typically considered
the most innovative sectors of the global economy. So we need
to structure the system so that innovations have a chance to
happen across the economy. If we can expand the problem in
this way, then | am optimistic that market forces will solve it.

That said, | think the bigger problem may be naivety about how
simple it will be to establish the conditions that will unleash
market forces. You could declare a carbon price tomorrow, but if
you haven't learned how to measure carbon emissions from all
possible sources, and you haven't figured out how to provide
credits for as-of-yet-undiscovered methods of reducing carbon,
you haven't unleashed market forces. For example, you'll need
to figure out how to think about providing credit for methane
reductions, or for plants whose roots decay at different rates, or
whatever else people think of.

Allison Nathan: So what should we do next to move in the
right direction?

Steve Strongin: If you're going to create the flexibility we need
to find a solution, then you have to find a way to pay for it.
Solutions that focus on emitters, like a gasoline or electricity tax,
are, of course, revenue-producing. But solutions like cultivating
natural carbon storage or atmospheric capture and sequestration
will require that investors be paid a capture fee. People
sometimes argue that revenues from emitter taxes can be
redirected as capture fees and cover the costs of motivating
investment in other, more innovative solutions. But experience
so far with emitter taxes suggests these revenues are too low
to completely, or even mostly, cover the costs, and the level of
taxes required to do so leads to significant voter opposition. And
by that | don't just mean that politicians can’t get enough votes
for the taxes, but that people actually take to the streets in
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opposition, which we have already seen even in countries like
France.

Allison Nathan: What could a mechanism that generates
enough revenues to finance a solution actually look like?

Steve Strongin: As a practical matter, | think you will end up
having to negotiate a funding mechanism at the international
level, with the richer countries bearing the majority of the costs
initially. You will also need a referee who can certify that a
solution is indeed reducing carbon in the atmosphere and is
therefore eligible for a subsidy. This would have to be an
international organization, probably affiliated with the national
laboratories in a number of countries. | think it will be very hard
to make real progress without those two things—a funding
mechanism and a referee on the international level—so getting
those two objectives on the global climate agenda would be a
critical step forward.

Allison Nathan: That seems like a very tall order. What if it
doesn’t happen?

Steve Strongin: You essentially get a version of what we have
today, which is lots of small programs in lots of countries that
result in different carbon prices around the world. That isn't
necessarily a bad starting point. From the standpoint of
motivating innovation to solve the problem, having any price at
all that people can invest against will create information. And
there are ultimately mechanisms like border adjustment carbon
taxes, which tax imports and rebate exports for their carbon
content, to attempt to account for the differences in carbon
values in different places, although measuring carbon content in
this way is easier said than done. But when you look at this
solution cumulatively, you still have high carbon emissions.
You're not going to get to low global emissions without a global
program. Without one you run the risk of motivating a shift in
activities to places with no or low carbon prices, which would be
deeply counterproductive given the extended supply lines,
increased shipping times, etc. this would likely imply.

Allison Nathan: If we think about the solutions, the experts
often say we’ll need everything and the kitchen sink to
meet our climate goals. But in practice, is there likely to be
a lot of little answers, or a handful of big ones? And if it's
the latter, what looks most promising today?

Steve Strongin: The answer is, of course, that there will be a
mix of solutions. But in reality, this will likely mean a lot of
smaller, low-cost solutions that are cheap—so why not do it—
but are difficult to scale, and a handful of more expensive, big
solutions that scale to absorb all of the smaller projects that
don't work.

As | said, only investment in innovation will determine what
those scalable solutions are in the end. But at this point the two
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most scalable solutions seem to be related to batteries, which
can be put almost anywhere and create efficiencies, and
atmospheric capture/sequestration, which potentially
encompasses everything from catalytic filters, to living bricks
that absorb carbon, to new types of plants and re-forestation. In
reality, it's hard to see how economies around the world, and
developing economies in particular, will give up cheap carbon
fuels that are so critical to transportation and growth, or change
dietary habits to reduce emissions, etc. So you have to believe
that some form of capture/sequestration will be a potentially big
part of the solution.

Allison Nathan: So addressing climate change doesn‘t
necessarily spell doom for the fossil fuel industry?

Steve Strongin: It's easy to assume that addressing climate
change means the end of the fossil fuel industry. But two
underlying assumptions of that view may not turn out to be true:
first, that you'll actually get a global consensus to cap emissions,
and second, that that's the right way of solving the climate
problem. It may well be that some combination of conservation
that reduces emissions and capture/sequestration is the right
mix. And if sequestration ends up being a significant part of that
mix, then the fossil fuel industry probably exists forever, but not
all of it, as different parts of the industry have different carbon
intensities. For example, consuming natural gas locally to
produce electricity is a relatively low-carbon activity, while
transmitting it through home networks that leak releases a
significant amount of methane into the atmosphere. Along these
same lines, the production of heavy oils is exceptionally carbon-
intensive. Having a price of carbon that will draw out these
differences will be helpful in guiding where the industry goes
from here.

Allison Nathan: Does the big investment cycle that finding a
solution ultimately requires mean that addressing global
climate change could be net positive for growth?

Steve Strongin: If we solve this problem through classic
innovation that results in cheaper, cleaner energy sources and/or
atmospheric capture technologies that allow us to aggressively
use fossil fuels without negative pollution effects, that could be
massively positive for growth. But if we continue to address
climate change primarily through conservation solutions that
target emitters, the growth implications are more likely to be
negative, and the less efficient the solution, the more negative
the impact on growth. That's why | think motivating the pursuit
of innovative solutions is so critical. As countries get richer, they
care more about their environments and can also afford more
creative solutions. And if we can find an answer that’s growth
positive, everyone is better off. If we only incentivize answers
that are growth negative, this will become a larger and larger
political problem over time, and a more and more disruptive one.
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Jeff Currie argues that unlike the experience
with acid rain in the '90s, the global distribution
of carbon emissions and increasing inequality
make tackling climate change more difficult

The reduction of acid rain from sulfur emissions in Europe and
North America during the 1990s is widely lauded as an
environmental policy success. It was the first time market
forces were unleashed on a complex, cross border
environmental problem that required large-scale investment in
new technologies. And it worked; the establishment of a cap-
and-trade program for sulfur emissions led to substantial
investment in sulfur abatement technologies, and, ultimately a
dramatic decline in sulfur emissions that largely eradicated acid
rain in the western hemisphere. So, with such a successful
blueprint to work with, why has the war on carbon emissions
been such a failure?

We believe that the answer lies in the larger and more diverse
set of countries involved, increased income inequality and the
greater complexity of the problem—the effects of carbon
emissions are felt globally long after they are released, they
come from a myriad of sources, and are more expensive to
abate. Taken together, these three factors have made a market
solution difficult to achieve, without which it becomes harder to
incentivize the technological innovation that was the basis for
success in the war on acid rain.

Acid rain: a more concentrated problem

In 1979, when the treaty that laid the foundation for the war on
acid rain was signed, nearly 80% of all sulfur emissions came
from NATO/Warsaw Pact countries. This concentration of
emissions allowed for an enforceable treaty (unlike the Paris
Agreement) under the military alliances of the US and USSR,
who were motivated to take the lead because they were hurt
by their own emissions.

The concentration of ex-China emissions has fallen sharply
HHI Index of CO2 emissions, index

1350 = == Global CO2 emissions concentration

= Global Co2 emissions concentration ex-China

1250

1150

1050

950

850

750

650

1970 1976 1982 1988 1994 2000 2006 2012 2018

Source: IEA, World Bank, Goldman Sachs Global Investment Research.

Today, the problem is more diffuse—encompassing China,
India and Latin America—and a solution for it is therefore more
difficult to enforce. While China represents 30% of global
carbon emissions, the concentration of emissions beyond
China drops sharply, with the US emitting 15%. At the same
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Global problem, local rich solution

time, some of the world's biggest emitters are dealing with
even more pressing concerns—China is just now dealing with
acid rain. In contrast to the diversity of emissions, 83% of
global AUM still resides in the US, Europe and Japan, a
concentration similar to sulfur in 1979. As a result, western
capital sits at the center of the war on climate change, as
political solutions remain elusive.

Rising inequality stands in the way of political solutions

Many of the countries at the center of climate change also face
a greater level of populism owing to economic inequality and
high living costs—tensions that carbon abatement will only
exacerbate. The disappointing conclusion of the recent COP25
climate negotiations held in Madrid underscores the problem
this poses. COP25 was originally supposed to be hosted by
Brazil, but was moved to Chile after the newly elected
president rejected it, and then ultimately to Madrid due largely
to populist unrest in Santiago. The event itself failed to yield
results due to what Australia, Brazil and China felt was unfair
treatment of past abatement efforts and expenditures. That
three out of the two-hundred participating countries could stall
progress points to the deeper coordination problem in the war
on carbon versus the war on sulfur.

While climate change and income inequality are often
described as two of the largest challenges facing the world
today, the underlying politics of these challenges are largely
one and the same. In 1979, not only was the source of the
problem contained to fewer countries, but income inequality in
these countries was lower, particularly in the rich countries
where opposition to climate policy is nearly as strong as itis in
poor countries today.

Carbon inequality has risen since the 1990’s
% pre-tax income spent on a $50/t carbon tax by income quintile in US
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Source: CMU, BLS, CES, Goldman Sachs Global Investment Research.

We estimate that lower-income households in the US will lose
two times more income from a $50/ton carbon tax today than
in 1992—while higher-income ones will bear around the same.
Further, carbon inequality is more extreme when focusing on
the rural and suburban regions where travel by automobile is
critical. The share of the US population that resides outside of
cities sits at the core of the difference between the US and
Europe. In the US, 55% of the population lives in suburbia
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while in Europe only 30% do. Like in the US, the rural
population in Europe opposes the costs of climate policy. In
France, the gilets jaunes (yellow vests) protested over a 15%
rise in petrol prices, and in the Netherlands Dutch farmers
stormed The Hague last October in protest to green policy.

The rural poor spend the most on heating
US urban and rural household spending on heating oil, % of income
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Source: CMU, BLS, CES, Goldman Sachs Global Investment Research.
Putting this together, it is simply too expensive for the world’s
poor to make the appropriate investments required to reach a
net zero carbon world. We estimate that achieving net zero
emissions by 2050 will cost each person in the US
$4,000/year—assuming the technology works. By definition,
conservation without compensation is a regressive tax to the
poor. For this reason, progressive taxation solutions that avoid
targeting the world’s poor need to be at the center of any
solution to carbon emissions.

A carbon dividend to redistribute revenues from a carbon tax
can offset the cost of abatement for lower-income households
and has become part of the climate discussion in the US. But
the carbon dividend program currently under discussion would
only cover a fraction of the total cost. In other words, current
proposals are asking US citizens in low-income, rural
households to drive less—even though they primarily drive to
get to work—and reduce their heating and cooling demand,
which consume a substantial proportion of their income.

Further, policies aimed at cutting funding to fossil fuel
companies will only create energy inflation and act as an
additional tax on the world’s poor. In contrast, the Acid Rain
Program (ARP) was a success because it focused on
harnessing market forces to abate sulfur using the best
available technology. As a result, a low-cost solution was
found, which reduced the implied tax on the poor.

Market-based solutions stimulate technology

But finding a low-cost solution for climate change won't be
easy. Pollutants causing climate change come from many
sources and are costly to abate. In contrast, the acid rain
problem was far more contained, with sulfur pollutants largely
coming from coal-powered generation and vehicle emissions,
primarily in rich countries. As a result, a cap-and-trade scheme
was able to effectively address the problem, targeting sulfur
emitters and establishing a price for sulfur that stimulated
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investment in sulfur scrubber R&D. Importantly, this
investment took place largely outside of the industry.
GE/Alstom—not utilities and oil companies—drove innovation in
desulfurization while BASF/Englehard—not automobile
companies—drove innovation in catalytic converters.

Carbon capture/storage patents surged/faded with CO2 prices
Number of CCS patents filed, total; EU carbon price, euros
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Source: EPO, USPTO, IEA, Bloomberg, Goldman Sachs GIR.
In tackling climate change, the EU initially proposed a market-
based solution in 2002 using the sulfur dioxide market as a
blueprint, which successfully stimulated R&D and innovation. In
fact, after real carbon prices peaked in 2008, so did the number
of CCS patents. However, once it became clear that the EU
emissions trading scheme was not the global panacea initially
thought, R&D slowed tremendously.

Even so, these schemes can only be effective when dealing
with carbon emissions that come from far more sources and
involve far more regions. Without a European carbon border tax
to contain these issues, the EU carbon price faced stiff
headwinds from the rest of the world and so did R&D. Phase 2
of the trade war will likely need to focus on carbon border taxes
if the EU wants to make the Green Deal work.

Carbon capture is progressive, but needs market forces for
more R&D

The war on acid rain was successful owing to a combination of
a more concentrated and less diverse set of countries involved,
less unequal consumption of high-sulfur goods, and the ability
to use market forces to address a narrower problem. As the
former two are unlikely to be created in the current
environment, only progressive solutions where the rich pay for
the poor will work in the war on climate change. Solutions that
employ carbon capture will also reduce the burden on the
world'’s poor. The technology is still far away, but not too far
from where desulfurization technologies were in 1980, which
means market-based solutions can still create innovations that
help solve the problem, as they did with the war on acid rain.
To unleash these forces, rich countries—and especially the rich
people in them—will need to come to the realization that if they
want to address climate change, they'll have to pay for it.

Jeff Currie, Head of Global Commodities Research

Email:  jeffrey.currie@gs.com Goldman Sachs and Co. LLC
Tel: +44 20 7552-7410
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Carbonomics: the future of energy

Michele Della Vigna argues that the capital
markets’ focus on decarbonization is
transforming the energy industry

Climate change is re-shaping the energy industry through
technological innovation and capital markets pressure. An
assessment of the road to decarbonization suggests a
substantial need for technological innovation to reach net zero
emission goals (see pg.15). Capital markets are taking a leading
role in financing this energy transition while tightening financing
for hydrocarbon assets. A new Age of Restraint on hydrocarbon
developments is driving consolidation in the oil & gas industry,
which, in turn, is likely to lead to a halt in non-OPEC supply
growth, higher energy prices and increased profitability of Big
Oils. These shifts should enable Big Qils to become part of the
solution—rather than the problem—of climate change.

Growing investor demand for decarbonization...

Over the past eight years, investors have taken an increasingly
active role in pushing corporate management to incorporate
climate change into their business plans and strategy. The
number of climate-related shareholder proposals has almost
doubled since 2011, and the percent of investors voting in favor
of such proposals has tripled over the same period. This
investor pressure has a clear bias towards energy producing
firms. Data from ProxylInsight shows that 50% of shareholder
proposals target energy producers with a further 10% targeting
financial institutions that lend to energy producers. As a result,
financing conditions have tightened across the hydrocarbon
industry, leading to a new age of capital constraint that's driving
structural changes in the industry.

Capital markets are taking center stage in climate debate
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Source: Proxylnsight, data compiled by Goldman Sachs GIR.

...leading to a new age of capital restraint and
underinvestment in oil

The onset of this Age of Restraint marks the end of a period of
oil & gas revolutions that saw substantial industry
fragmentation, resource expansion and cost inflation, all fueled
by cheap financing. Specifically, the period between 2004-16
saw two oil & gas revolutions. The first one (2004-13) was
driven by National Oil Companies (NOCs) that deployed their
growing balance sheets towards rapid international expansion
via a combination of exploration and M&A activities. The
second one (2009-16) was led by US exploration & production
(E&P) companies, unlocking 100+ billion barrels of US shale oil.

Goldman Sachs Global Investment Research

Since 2014, however, tighter financial conditions have raised
barriers to entry while increasing the equity risk premium on
new long-cycle developments, leading to a more concentrated
industry with higher returns and lower volume growth. A small
group of companies (the “Seven Sisters”) emerged as the
structural winners, continuing to invest in new projects
consistently through 2014-19. As a result, Big Oils doubled
their market share in long-cycle projects and US shale oil over
this five-year period and re-established the attractive returns
that were lost during the oil & gas revolutions of the 2000s.

The end of non-OPEC growth is near

At the same time, under-investment in the oil sector resulting
from the higher financing costs and industry consolidation is
now set to end a decade of credit-fueled shale oil hyper-
growth, with higher decline rates/slowing productivity
improvements in shale oil reinforcing the slowdown. This,
combined with a thinner pipeline of mega long-cycle projects,
leads us to expect that non-OPEC oil production will stop
growing from 2021, providing upside risk to energy prices.

Underinvestment means end of non-OPEC growth by 2021
Key drivers of oil supply growth over 2020-25E, million blpd
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Source: IEA WEO 2018, Goldman Sachs Global Investment Research.
From Big Qil to Big Energy

The restoration of profitability to Big Oils is leading them to a
position where they can leverage the higher returns from their
traditional oil & gas businesses to foster innovation and
investment in their transition towards Big Energy. Indeed, Big
Oils have shown a tremendous ability to adapt to technological
change in their 100+ years of history, and have many tools to
drive a low-carbon transition toward cleaner energy providers,
including a deeper presence in the global gas and power chains
through retail, EV charging and renewables; biofuels;
petrochemicals; improved upstream and industrial operations;
nature-based solutions and carbon capture.

In these ways, we believe that Big Qils can transition to Big
Energy while improving corporate returns and renewing value
via greater scale and integration. We estimate that this
transition has the potential to lead to a 20% + reduction in Big
Oils' greenhouse gas emissions (GHG) by 2030—consistent
with the global ambition to contain global warming within 2 °C
—and to Big Qils becoming part of the solution, rather than the
problem, of climate change in the coming decades.

Michele Della Vigna, Head of Energy Industry Research

Email:  michele.dellavigna@gs.com Goldman Sachs and Co. LLC

Tel: +44 20 7552-9383
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Carbonomics: the cost of decarbonization

In our recent Carbonomics report, we constructed a carbon abatement cost curve for conservation technologies that are currently
available at commercial scale across key industries globally: power generation, industry, transport, buildings and agriculture.

The cost curve is steep, with large investment opportunities in low-cost areas, particularly in power generation, but rapidly rising
costs at higher levels of decarbonization. At the current costs of commercially available CO2-abatement technologies, we estimate
that around half of current anthropogenic greenhouse gas (GHG) emissions can be abated at an implied CO2 price of less than
$200/tnCO2eq (ton of carbon dioxide equivalent). Carbon prices of less than US$100/tnCO2eq would transform the power
generation industry from carbon-intensive fuels (coal and oil) to cleaner alternatives (gas, solar, wind), but would have little impact
on mobility, industry or buildings, excluding technology-specific incentives. Most notably, we estimate that roughly a quarter of
total current GHG emissions are not abatable under currently available large-scale commercial technologies.

Plenty of low-cost emissions reduction opportunities, but steepening beyond the 50% mark
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Further technological innovation and greater investment in sequestration technologies will therefore be required to achieve net
zero carbon emissions. Carbon sequestration technologies, which capture or reduce CO2 emissions that are already in the
atmosphere, have seen a revival in recent years, but they have not yet reached the large-scale adoption and economies of scale
that traditionally lead to a breakthrough in cost competitiveness, especially when compared with other CO2-reducing
technologies such as renewables. Part of the challenge is that direct air carbon capture and storage (DACCS) technologies have
highly uncertain economics, with estimates ranging between $40-400/ton (at scale), and only small pilot plants currently in
operation. Investments in carbon capture, utilization and storage (CCUS) plants over the past decade have therefore been less
than 1% of those in renewable power. The importance of DACCS lies in its potential to be almost infinitely scalable and
standardizable, which could ultimately position it as a carbon price setter in a net zero emission scenario.

Carbon sequestration: a silver bullet?
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Michele Della Vigna, GS Head of Energy Industry Research
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The European Green

Alberto Gandolfi argues the Green Deal could
reshape Europe's power sector and economy

In December 2019, the European Commission outlined a
roadmap for the "European Green Deal," committing to publish
a comprehensive set of policies to reach net zero carbon
emissions by 2050. We estimate that this plan—which is
unprecedented in size and ambition—could amount to €7tn of
cumulative spending split between investments and subsidies
over that time period. The Green Deal is likely to reshape the
entire European economy, changing the way we generate
electricity, heat our homes, travel, and could even go as far as
impacting diets and spending habits.

European Utilities will be at the forefront of this monumental
transformation, likely undertaking most of the Green Deal
investments, which account for about half of the plan's
expected spending. This is set to kick off an era of earnings
growth and regulatory stability [for Utilities], thanks to a
combination of secular growth in infrastructure activities
(renewables and networks), higher power demand and lower-
for-longer funding costs (e.g. through green bonds). We believe
the resulting strong visibility on capital allocation and returns
will support a sustained re-rating for the companies most
exposed to these trends—" Climate Champions.”

Why a Green Deal?

During 2019, public awareness about climate change increased
substantially, in large part fueled by a spike in weather-related
natural disasters such as the wildfires in California, the Amazon
and Australia. Indeed, these events are symptomatic of a
broader trend of a rise in the incidence of weather-related
natural disasters by roughly 350% since 1970.

Extreme weather now more common
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Source: International Disaster Database, ourworldindata.org, GS GIR.

To address increased political focus on environmental issues,
the new European Commission, which took office in November
2019, made climate policy central to its agenda. It has
committed to a comprehensive set of measures that will
culminate in a tightening of 2030 emission reduction targets
and the adoption of a climate neutrality ("net zero carbon
emissions”) target by 2050 through a European directive
currently planned for the first half of 2020. Thereafter, the
Commission plans to adopt further sector-specific measures to
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Deal: a €7tn plan

address the need to reduce emissions in non-energy sectors,
including transport, heating and farming.

A €7 trillion investment opportunity

We estimate that the Green Deal will stimulate around €7
trillion in investments—or roughly €230bn per year for thirty
years—with major repercussions across the entire economy.
Specifically, we identify the following key areas of investment:

¢ The electricity system: €2.4tn. \We estimate that €1.3tn will
be needed to fully decarbonize the power mix through
substantial deployment of wind and solar. To integrate the
more volatile output profile of renewables compared to
existing technologies, as well as to accommodate higher
demand from electrification, €5600bn and €300bn will have to
be invested in high voltage (transmission) and low voltage
(distribution) grids, respectively. A further ¢.€300bn will be
needed to build a sufficient charging network to enable a
shift to electric mobility.

e Heating: €1.8tn. \We estimate that over €1.6tn will be
needed for insulation and energy efficiency improvements to
buildings while over €100bn will be required to incentivize
the substitution of gas boilers with heat pumps.

o Electric mobility: €1.7tn. \We estimate that roughly €1.2tn
and €500bn of incentives will be required to finance the full
decarbonization personal cars and public/commercial road
transport (buses & trucks), respectively.

* New technologies: €1.2tn. This will include the
development of hydrogen (power-to-gas) infrastructure for
seasonal energy storage, the widespread adoption of lithium-
ion grid-level batteries to modulate renewable output and
stabilize short-term S&D imbalances, and the installation of
carbon-capture facilities (CCS) in industries where emissions
cannot be fully avoided.

We estimate that Utilities could account for nearly 45% of
Green Deal-related capex, or around €3tn through 2050.
Investments would span from developing renewables, to
upgrading power networks, to deploying batteries and building
fuel cells (hydrogen-based power plants) and fitting gas plants
with CCS technologies.

A boon for utilities investment
Capex implied by the European Green Deal, by activity
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Source: Goldman Sachs Global Investment Research.

Climate spending could more than double annual investments
for European Utilities compared to the current run rate of just
under €80bn to about €180bn per year. We expect broadly two-
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thirds of this capex to be directed at infrastructure activities,
such as the construction of renewables and power networks.

Utilities capex could more than double to €180bn a year

Aggregate annual sector capex by activity, €bn
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Favor the "Climate Champions”

The upgrade in capex and growth would be particularly relevant
for a subset of companies—"Climate Champions'—that enjoy
vast exposure to renewables and power networks.

Given the growth visibility that Green Deal policies will
provide, and in light of the growing importance of scale to
safeguard returns, we expect the relatively fragmented
global renewables market—where the top 10 firms account

The EU’s path to "net zero”
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for only about 15% of market capitalization—to start
consolidating. In Europe, this trend should be particularly
pronounced due to the European Commission's stated
intention to relax antitrust laws to support the leadership of
European companies on the global stage.

Net zero feasibility: a difficult “last mile”

While an 80% reduction in emissions by 2050 should be
feasible (largely through electrification and a complete
decarbonization of the power mix), and 90% could be
achievable (e.g. through an extensive adoption of hydrogen as
feedstock in industrial processes), achieving the last 10%-20%
might prove difficult, for three reasons: (1) this "last mile" would
be more expensive as it would have to rely on less mature
technologies such as carbon capture sequestration or
hydrogen/fuel cells, while yielding a lower marginal gain in
terms of emissions avoided; (2) for global exporting industries,
the costs related to emissions reductions (e.g. carbon levies,
carbon capture equipment) might lower competitiveness, hurt
profitability and have negative implications for employment;
and (3) cost inflation on carbon-intensive habits, such as car
usage and red meat consumption, could disproportionately
affect the spending power of the lower income brackets of
society, creating possible political and social hurdles to
additional emissions reductions.

Alberto Gandolfi, Head of European Renewables Research

alberto.gandolfi@gs.com Goldman Sachs and Co. LLC
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Interview with John Goldstein

John Goldstein is head of the Goldman Sachs Sustainable Finance Group. He shares his

observations and advice about ESG integration strategies for investors and corporates.
The views stated herein are those of the interviewee and do not necessarily reflect those of Goldman Sachs Research.

Allison Nathan: How have you seen
growth in ESG investing evolve?

John Goldstein: | think my own story is a
good illustration of the magnitude of
growth in ESG investing. | co-founded a
small, dedicated ESG and impact
investing firm—Imprint Capital—in 2007,
which went from being a very small firm
to a somewhat small firm over the course
of about eight years, initially working with large US foundations
and then with financial institutions. In 2015, one of those
institutions—Goldman Sachs—endeavored to buy us rather than
become one of our clients. And so our $550 million asset manager
became a part of Goldman Sachs Asset Management, and, over
about four years, what was initially a combined $3 billion in ESG
assets grew to north of $60 billion today.

Alongside this growth in ESG strategies has been substantial
evolution of them. In general, they have become both broader and
deeper; strategies that were once centered in active equities
moved into passive equities, then fixed income, and, most
recently, private equity. And what started as simplistic negative
screening of companies you don’t want to own has transitioned
into the creation of highly thoughtful portfolios across a range of
public and private assets to manage climate risk. Finally, as the
sophistication of these strategies has grown, so has engagement
across different types of investors. Case in point: hedge funds
used to be on the periphery of ESG investing, but interest from
the hedge fund community has surged in the last 6-12 months.

Allison Nathan: Why now for a surge in interest in ESG
investing?

John Goldstein: As Goldman Sachs CEO David Solomon put it,
it's largely the confluence of urgency and economics. Events like
the wildfires in Australia have provided a sense of urgency to the
issue because they're visible in a fundamentally different way
than they've been historically. That alone arguably wouldn't be
enough to drive the growth in interest we're seeing. But on top of
that, we've seen the economics evolve in a way that has
strengthened the business case for ESG investing. For example,
renewables are now the lowest cost form of new energy in many
parts of the world, and comprised more than 70% of new power
generation capacity last year. That is a seismic shift from where
we were even 10 years ago.

We've also seen a new breed of practitioners and firms focusing
resources on ESG integration. And as more and better products
and services enter the market, and investors can implement those
strategies with greater degrees of sophistication, success begets
success; so we've seen somewhat of a virtuous cycle take hold.

Allison Nathan: That said, the original grounding of ESG
investing in ideology has tended to make investors skeptical
of these strategies. What's your response to critics who
argue that ESG investing is just a passing fad? Is there a
durable investment rationale for it?
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John Goldstein: There is often a preconception that these
strategies are an ideological pursuit, which | find typically leads to
two groups of investors—those that are too apt to love them, and
those that are too apt to hate them. But the key is to clear out
these preconceptions and treat ESG like any other investing
question, which requires forming a clear investment thesis. In my
view, this thesis revolves around the recognition that the world is
changing, which is leading to new drivers of returns, risk and
efficiency. Take renewable power; for some companies, it drives
growth—which is really about revenues. For other companies, it
reduces risk—which is really about minimizing losses or
drawdowns. And for still others, it lowers energy expenses—
which is really about margins. Any one of these levers can
provide a clear investment thesis for ESG integration. So today,
the business case is fundamentally different and stronger. That,
along with more sophisticated products that enable crisper
execution, substantially bolsters the investment rationale for ESG
investing.

Allison Nathan: Where should investors that are just
beginning to think about ESG integration start? How should
they think about some of the resources available, like third
party ratings, and what are best practices in terms of
organizing a team around ESG integration?

John Goldstein: In terms of where to start, again, number one is
to approach the ESG discussion as an investment discussion and
have an investment thesis. There's no one magical thesis, but
have a thesis that makes sense relative to your broader strategies.
As investors are finding their footing, data like external ratings can
be a useful starting point. But | think it's important to see them as
an input, not as an answer—similar to a credit agency rating.
Investors should have a clear understanding of what these ratings
are and where they come from; generally, they are the result of
scraping lots of data, some of which is about performance, but
much of which is about whether companies have policies and
make disclosures, which are weighted in various ways. So use
these ratings to begin your process, not end your process, and
consider them in the context of sector and industry specific views
and data, some of which may already exist in your organization.

To that end, while there is no one right answer in terms of team
organization and staffing, we've generally seen that hybrid
approaches that have both PMs/analysts with deep sector
expertise/portfolio construction know-how as well as a dedicated
ESG resource that can provide extra support to the investment
process strike a useful balance; this type of approach avoids
putting ESG expertise in a silo but is also realistic about what it
takes to add new knowledge and capabilities to an organization.

Allison Nathan: It's tempting for new investors to focus on
ESG funds, but many well-known ESG companies look very
highly valued today. Is there an ESG bubble today?

John Goldstein: | think that's probably too strong of a phrase.
Like any investment story, as ESG becomes better understood
and more widely practiced, the bar for adding value rises. That's
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how it should be, and ESG is no different. But as the conviction in
their stories rises, valuations can continue to rise. So some of the
companies with seemingly high premiums today could continue to
skyrocket. That said, investors will likely be rewarded for having
differentiated insight on which names really have an exciting
trajectory, and which ones don't.

Allison Nathan: So where can investors find value today?

John Goldstein: That answer is constantly changing; what's
interesting at one point can quickly become less interesting. But,
generally speaking, in both public and private markets, the key is
finding stories that have graduated from being nascent, high risk
and capital intensive, but are not yet flooded with capital, either
because the market hasn't yet realized that they've reached this
stage, or hasn't yet figured out how to access them. One strategy
we've seen to tap into this space is buying mediocre ESG
companies that want to be great. Other strategies target
companies whose sectors are in significant flux, but have the
potential to transition into successful businesses amid these
shifts. And, in some cases, we've seen investors, such as hedge
fund activists, looking to partner with companies who want to go
through that transition. These all take work, but the market usually
ultimately rewards such efforts. Sweat and complexity are often
ways to make money.

“ The key is finding stories that have
graduated from being nascent, high risk and
capital intensive, but are not yet flooded with
capital, either because the market hasn't yet
realized that they've reached this stage, or
hasn't yet figured out how to access them.”

Allison Nathan: What about credit strategies, and green
bonds in particular?

John Goldstein: Green bonds are a useful tool for both investors
and companies in signaling a commitment to green priorities. For
investors, this is a relatively straightforward proposition; for
basically the same return, investors can reflect a green agenda in
their portfolios. For companies, a bit more work is required in
terms of having to actually issue green bonds, segregate the use
of proceeds and provide accounting for them. And this work does
not generally materially benefit their risk profile. But companies
derive the benefit of diversifying their investor base in a
constructive way and signaling to employees, shareholders and
customers a green direction for their firm.

That said, a new green bond framework that Goldman Sachs
helped ltalian utility Enel implement serves as an intriguing
example of the even deeper economic proposition of making
companies accountable for results. The bond is structured without
segregated proceeds—so that the company can spend the
revenues in any way it wants—but with covenants that require
the company to reach 55% installed renewable capacity by the
end of 2021, or face a 25bps per annum increase in the interest
rate it pays on the bond. In my view, that structure provides an
interesting proposition for everyone involved. For Enel, it sends a
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very clear signal to the market about the seriousness of its
commitment to green objectives, which ultimately helped it save
a material amount of money on the well-subscribed issuance. And
for investors, the structure provides clarity on the company’s
green agenda, allows investors to pay the company for
performance and to get paid themselves if the company fails to
deliver. | think we'll see more of this type of innovation that
enhances the value proposition of some of these instruments
going forward.

Allison Nathan: What regulatory changes do you see coming
down the pipe that investors should be aware of?

John Goldstein: The first change to be aware of is a fairly
extensive set of regulations coming from the European Union on
sustainable finance taxonomy. This was initially designed to help
avoid greenwashing, and is set to include regulations about what
counts as sustainable finance, which will apply to products from
asset managers, as well some products from banks and insurance
companies. Although it's tempting to dismiss these regulations
because they will only take effect in Europe, of course, US
companies have a substantial amount of investors that are based
in Europe, and many US asset managers market products in
Europe. And | think other countries are watching Europe to see
what they can learn, and potentially emulate.

The second change is a softer form of regulation that may
become less soft over time. The Task Force on Climate-Related
Financial Disclosures (TFCD), which is a network of central banks
around the world, is coalescing around a disclosure standard for a
wide variety of companies and financial market participants to
better document, understand and manage climate risk.

And the third change is a broader push for companies to have
better data on fewer things that matter more. Some of that is
embedded in the sustainability accounting standards board
(SASB). Although none of these changes are imminent, market
participants are already beginning to focus on them, and trying to
get ahead of them, which will likely bring forward the timing of
their impact.

Allison Nathan: You speak to a lot of corporates in addition to
investors. What are you hearing from them, and what'’s your
advice for them?

John Goldstein: Corporates are feeling the pressure for more
ESG engagement on all sides. The demand for ESG data points
has exploded; one CFO recently told me she had been asked for
2,000 different ESG data points in the last year. But even beyond
these data requests, shareholders, employees and business
partners are all clearly signaling to corporates the growing
importance of these issues, which is coming through to them loud
and clear.

My advice to corporates is, understand the scrutiny you're under
and be sensible about that; know your ratings and be thoughtful
about them, but also don't chase your tail. Focus on having a
strong core business strategy, a compelling story behind it, and
metrics that reinforce it. In short, when thinking about ESG
integration do what you strive to do every day: run a good
business, have a good strategy, execute well and communicate
thoughtfully.
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Derek Bingham, Americas head of GS SUSTAIN, answers key questions about ESG investing

Q: How is ESG investing defined?

A: ESG investing can mean a lot of different things. The
exclusion of firms from portfolios is probably the oldest and
best known variety, but the greater trend in recent years has
been toward a broader definition of “ESG integration,”
including using ESG as a risk management tool across sectors,
as well as recognizing opportunities inherent in sustainable
business practices and products.

Q: What's driving demand for ESG investing?

A: The demand is primarily coming from clients that are
increasingly requiring asset managers to demonstrate ESG
credentials and principles in order to win mandates. Status as a
signatory to the Principles of Responsible Investment (PRI) is
generally well regarded, as is a program of corporate
engagement. Beyond client demand, other catalysts for the
increasing adoption of ESG include capital markets regulation,
corporate sponsorship, and asset managers’ search for
differentiation and alpha through emerging ESG strategies/data.

Q: Are investors more focused on the E, S, or G today?

A: There are always focal issues in each category at any given
time, and the emphasis will vary by sector and by company.
However, environmental considerations seem to be receiving
the greatest attention from both asset owners and managers
today. This includes a search for companies with smaller
emissions footprints, mitigation solutions, and an active dialog
about the ‘investability’ of the traditional Energy sector.

Q: How big is the ESG investment market today, and how
fast is it growing?

A: Growth in sustainable assets, a broad category of
investments that consider ESG factors in portfolio selection and
management, increased by 34% between 2016-18 to $30.7tn
globally in 2018—up from a 25% increase between 2014-16—
according to GSIA. From that total, negative/exclusionary
screening accounted for $19.8tn AUM, up from $15.1tn in
2016. However, ESG integration has delivered the largest
absolute increase in assets, growing $7.2tn (a 30% CAGR)
since 2016. Sustainability-themed investing has seen the
fastest levels of growth from a smaller base, rising to $1tn in
2018 from just $276bn in 2016, a CAGR in excess of 90%.

ESG AUM has risen substantially in recent years

Total assets incorporating ESG by type, including double counting; $tn
257 $17.5tn represents a realistic

20 | benchmark for AUM of assets

/ legitimately managed on ESG
15 - 2016 m®2018
10 -
: I
0 - ‘ ‘ l ‘ M =

Negative/ ESG Corporate  Norms-based  Positive/  Sustainability ~ Impact/
exclusionary _ integration = engagement screening best-in-class  themed community
screening and screening investing investing

shareholder
action

Source: Global Sustainable Investment Alliance, Goldman Sachs GIR.

The market for "green finance"—bonds earmarked for specific
ESG-related purposes—is also expanding. Green bonds, first
issued in 2007, have seen accelerating issuance, with over 18x
growth from 2013-2018. Europe has largely led the increase,
although North America and Asia have been closing the gap
more recently. Liquidity appears to be slightly worse for green
bonds than for comparable conventional bonds, potentially a
result of the larger buy-and-hold investor-base for these
securities. A host of related products (green loans,
sustainability bonds, social bonds) have also begun to see rising
issuance in recent years.

The market for "green finance" is expanding rapidly
Total sustainable debt issuance by type, $bn

500 Green loans

m Green bonds
450 -| m Sustainability bonds

400 - ® Sustainability-linked loans ® Social bonds

Sustainability-linked bonds
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300
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50 __I
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Source: Bloomberg New Energy Finance, Goldman Sachs GIR.
Q: Are data/metrics sufficient to support ESG investing?

A: Generally speaking, yes. On the environmental side, data
related to waste and emissions are available (e.g. metric tons
of waste generation and scope 1 & 2 GHG emissions), and
disclosures on companies’ resource usage, such as power and
water, is relatively robust. On the social side, data relating to
human capital, including employee health & safety (e.g., injuries
and fatalities) as well as talent attraction & retention (e.qg.,
compensation, turnover, diversity, training, etc.) is plentiful.
Relevant ESG topics will vary by sector, and so will the
available data, which is commonly disclosed in companies’
annual reports, sustainability reports and on corporate
websites. Most of the best-known financial data providers are
also now collecting and offering ESG indicators.

In terms of corporate disclosures specifically, significant data
challenges remain, but disclosures for global (MSCI ACWI)
constituents have climbed steadily from the 30-40% disclosure
range 8 years ago to the 50-60% range today across many of
the most widely cited metrics mentioned above. Focusing on
metrics that are most material by sector, the disclosure picture
looks even better. For example, latest GHG emissions
disclosure among global Chemicals firms in the ACWI is 83%.
For global Airlines it's 86%. Disclosure of energy usage in the
Steel sector is 75%, as is disclosure of water withdrawal by
global Miners.
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In cases where material ESG exposure is hard to measure,
disclosures are insufficient, or good metrics are not available or
only tell part of the story, there are other useful data sources,
including regulatory sources, conventional or social media
feeds, and specialized third-party databases, etc., which could
increasingly complement the ESG mosaic.

ESG disclosure is marching higher
Average disclosure rate for MSCI ACWI constituents, %

70% -
65% -
60% -
55% -
50% -
45% -
40% -

. Women diversity %
35% - Total GHG emissions
30% - = ==Energy usage

. Water withdrawal
25% - Total waste
20% w I ‘

2017 Latest
Avail.

2010 2011 2012 2013 2014 2015 2016

Source: Bloomberg, Thomson Reuters, Goldman Sachs GIR.

Q: How should I think about third-party ratings, and which
are most useful?

A: Third party ratings, such as those from MSCI and
Sustainalytics, often serve as a starting place for investors
beginning to integrate ESG considerations into their investment
processes. These raters offer aggregated scores combining a
large set of company-reported metrics and policies, as well as
some estimates. Generally, as active investors become more
comfortable with analyzing ESG data, they move towards
developing their own methodologies based on a more focused
subset of metrics identified as financially material. This
evolution offers a pathway for ESG-integration to serve as a
differentiating factor for active investors.

Q: Won't incorporating ESG considerations hurt
investment performance?

A: Not necessarily. Our work has indicated that using a sector-
relative approach, companies with better metrics on material,
environmental and social factors have tended to outperform.
This makes sense intuitively. Companies better positioned to
take advantage of ESG-related demand trends will see it on
their top line, while companies that operate more efficiently,
effectively and with better regulatory relations should see cost
benefits. Setting aside whole sectors introduces benchmark
risk, but alternate or custom benchmarks can be substituted
(carbon-free benchmarks, for example) for those wishing to
express particular ESG-related views into their portfolios.

Q: How can | spot “greenwashing” by corporates?

A: Greenwashing comes in many forms and is not always black
and white. Generally speaking, companies touting
environmental and sustainability (E&S) accomplishments that
are materially removed from the operational or product impacts

Goldman Sachs Global Investment Research

Issue 85

of their business could be scrutinized for this practice.
Reporting that heavily favors disclosure of policies rather than
measurable performance metrics or quantitative targets is
another red flag. As investors gain conviction in what they feel
are material E&S factors for a given business, they will more
easily be able to identify greenwashing.

Q: What other pitfalls should investors be aware of?

A: Somewhat related to the topic of greenwashing, a common
pitfall is giving too much credit for ESG disclosure alone, or
penalizing companies for non-disclosure. Our research has
found that this tends to favor larger, lower-growth companies
with more resources and more mature reporting efforts. This
approach can also introduce geographic biases given significant
differences in disclosure rates by region. Related to this is a
failure to narrow one’s focus to issues that are the most
relevant to a given industry. For example, putting a significant
weight on the environmental impact of a packaged software
company is unlikely to lead to a useful investment conclusion.

Q: How might future capital markets regulation affect ESG
investing?

A: Future regulation has the potential to significantly alter how
ESG data is reported and consumed. At present, the vast
majority of ESG data is reported voluntarily by corporates
outside of their annual reports and regulatory filings. The
voluntary nature of disclosure contributes to many of the issues
ESG data currently faces around quality, standardization, and
timeliness. As regulation around corporate disclosure of ESG
data grows, it is possible this data could increasingly migrate
into regulatory filings, diminishing today’s data challenges. On
the investor side, regulation could impact how these groups
measure, structure and communicate their use of ESG data in
their investment processes, as well as how asset managers
market their offerings.

Capital market regulations based on ESG have accelerated
Cumulative ESG capital market regulations and amendments
600 |
Regulations have

500 increased 2X since 2015
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Source: PRI, Data compiled by Goldman Sachs GIR.

Derek Bingham, Americas Head GS SUSTAIN

Email:  derek.bingham@gs.com Goldman Sachs and Co. LLC

Tel: +1-415-249-7435
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Climate change and growth

Climate change has increasingly drawn the attention of economists. Recently, over 3,500 economists—including 27 Nobel
Laureates and 4 former Fed Chairs—signed a statement supporting a carbon tax in the US, and research on the economics of
climate change has grown markedly.

Assessing the welfare effect of climate change

One key challenge economists face is assessing the welfare effects of climate change. Welfare effects include not only output
losses and monetary damages, but effects such as increased mortality, species loss, and environmental degradation. While
there is no clear-cut way to quantify such losses, economists have constructed methods for estimating monetized equivalents.*

Recent academic studies have identified a wide range of channels for a welfare impact of climate change at the micro level,
such as increased frequency of storms, lower crop yields in agriculture, lower productivity in manufacturing, and higher crime
and mortality through which climate change can lower welfare. Researchers have also looked at the relationship between
climate change and growth at the country and region level, with an influential study finding that higher temperatures have likely
already weighed on aggregate growth in poor countries.

Empirical evidence on the welfare effects from climate change by sector
Sector/Channel Study Key Finding/Description of Channel Direct Output effect?
A 2°C increase in the global temperature vs.1995-2005 baseline lowers major crop

Agriculture Moore, Baldos, Hertel & Diaz (2017) vields by 10-30%. Yes (negative)

. . Zhang, Deschenes, Meng, Zhang A day with temperature above 90-F (26-C) decreases China plants' output and TFP .
flaguiaetingl(prodicivity) (2018) by around 0.5%, relative to a day with temperature between 50-60¢F (i.e. 21-26°C). Vs (Egaive)
Energy Aufhammer (2018) Rising temperature increases electricity consumption (e.g. summer AC) but lowers Yes (ambiguous)

natural gas demand (e.g. winter heating) in California.

Tropical cyclones persistenly depress growth rates for 15 years with a 7%

St Hsi d Ji 2014 . o L
orms SIE) G I ) cumulative decline in per capita income after 20 years.

Yes (negative, at least in study)

Sea-level rise NA Houses, offices, plants and infrastructure could be chronically inundated. Yes (ambiguous)

Under a "business as usual" scenario, climate change will increase the US annual
Mortality Deschenes and Greenstone (2011) mortality rate by about 1% by 2100 (and boost annnual residential energy Mostly no
consumption by 20-25%, corresponding to 0.1% of GDP.)

Bohra-Mishra, Oppenheimer, Hsiang

Migration (2014)

Above 25 °C, arise in temperature is related to an increase in outmigration in India.  No
A 1o increase in temperature increases the frequency of interpersonal conflict (e.g.
Crime and conflict Burke, Hsiang, Miguel (2015) domestic violence, murder, road rage) by 2.4% and of intergroup conflict (e.g. riots, No
land invasions, civil war, coups) by 11.3%.

An increase in the temperature from 70°F to 80<F (i.e. 21-C to 26°C) lowers

3 . N
happiness as much as a switch from Sunday to Monday does. °

Temparement/ happiness Baylis (2015)

Species and forestry loss NA Climate change leads to a loss of species and forests. No

Source: compiled by Goldman Sachs Global Investment Research.

An even harder challenge for researchers is estimating

: . : ) . -
the impacts of future climate change. There is Annual long-run welfare loss from climate change by scenario

considerable uncertainty about how much temperatures 30 s
will rise, and even more uncertainty about how that will )
affect natural systems and how humans will adapt. ° e 90t percentile county in scenario

Scientists are particularly worried about potential
nonlinear effects, such as “tipping points” that lead to
sudden and large changes in physical systems, but these
are inherently hard to predict.

20 -

% of GDP
[
(5}

The large uncertainty and different assumptions made by el

researchers have led to a wide range of estimates of the 5 |

welfare effects of long-run climate change. A recent study

by Hsiang et al. that estimates future economic damages 0 — . . .

from climate change in the US finds a large right tail in the 5 17 50 83 95

distribution of potential welfare losses and large Welfare Inss nercentile across scenarios

heterogeneity in estimated welfare losses by region, *From the Hsian_g etal (2017)meta—studywhich si_m_ulateswelfare_loss«_as in 2080-2099 under
A a 5 the Representation Concentration Pathway8.5 (“Minimal Change in Policy/Technology")

underscoring the risk of potentially very large long-run Source: Hsiang et al (2017), Goldman Sachs Global Investment Research.

welfare effects. 2

Assessing the growth effect of climate change

While assessing the welfare effect of climate change is difficult, the potential effects of decarbonization policies on economy-
wide activity is also ambiguous, for three reasons. First, abatement in the polluting industries also requires both capital
investment and the hiring of additional workers. Second, workers and firms typically shift to other often cleaner production or
innovation activities (or less regulated areas). Third, the policy details and fiscal picture also matter.

We note once again, however, that short-term growth is not equivalent to welfare. Overall, our survey of the literature suggests
that policies aimed at curbing emissions could trigger significant shifts in the economy and have the potential to raise welfare of
current and especially future generations.

David Choi and Daan Struyven, GS US Economics Research

1 For instance, economists have relied on estimates on the value of a statistical life and estimates of the economic cost of crime.
2 Solomon Hsiang, Robert Kopp, Amir Jina et al.,"Estimating economic damage from climate change in the United States," Science, 2017.
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The global state of climate

Three sectors account for 85% of global emissions...
Carbon dioxide emissions by sector, %

Agric(L)JItUrE, Commercial
1% i
and public
“" services, 3%
Residential, ‘
6% ‘
Electricity
and heat
producers,
Transport, 9
24% e

Other energy
industries,
5%

Source: International Energy Agency, Goldman Sachs GIR.

..and three fuel sources account for 95%
Carbon dioxide emissions by fuel type, %

Flaring, 1%

\

Cement, 4%

Gas, 20%

Oil, 35%

Coal, 40%

Source: Global Carbon Project, Goldman Sachs GIR.

China is now the biggest polluter on an absolute basis...
Annual carbon dioxide emissions, billions of tons

35 1 mUnited States
EU-28

30 1 = Americas (Other)
Europe (other)

25 Asia and Pacific (other)
u Africa
204 ™ China

HIndia

m Middle East
15

10

1950 1960 1970 1980 1990 2000 2010
Source: World Bank, Goldman Sachs GIR.

..but the US has emitted more historically and per capita
Carbon dioxide emissions, tons (LHS), billions of tons (RHS)

_mEmissions Per Capita (LHS) = Total Emissions 1960-2014 (RHS)

18 1~ - 250

16

14 - 200

12
- 150

{{{WTS

us China Japan India France

10

S |1

Source: World Bank, Goldman Sachs GIR.

Paris Agreement aims to limit global temperature rise to 1.5 °C
Global greenhouse gas emissions, billions of tons

190 7
150 -
No climate policies
110
707 2 Current policies
30
2°C pathw.ays
1.5°C pathways
-10 p y!

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Note: Each band represents a range between high and low estimates.
Source: CAT, IPCC, Goldman Sachs GIR.
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Tracking progress towards Paris emission targets
Annual carbon dioxide emissions per capita, tons

21 o ®2030 Target = Projected Emissions in 2030 under Current Policies

18 { Not expected i Expected to

to meet meet target
15 - target :
12 :
91 5
6 5
3 I | I
0 - : .

EU-28 Japan Australla India China Russia

Note: US pledge to 2025, EU doesn't include Green Deal as hasn't been formalized.
Source: United Nations, Goldman Sachs GIR.
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Glossary of GS proprietary indices

Current Activity Indicator (CAI)

GS CAls measure the growth signal in a broad range of weekly and monthly indicators, offering an alternative to Gross
Domestic Product (GDP). GDP is an imperfect guide to current activity: In most countries, it is only available quarterly and is
released with a substantial delay, and its initial estimates are often heavily revised. GDP also ignores important measures of real
activity, such as employment and the purchasing managers’ indexes (PMls). All of these problems reduce the effectiveness of
GDP for investment and policy decisions. Our CAls aim to address GDP's shortcomings and provide a timelier read on the pace
of growth.

For more, see our CAl page and Global Economics Analyst: Trackin” All Over the World — Our New Global CAl, 25 February
2017.

Dynamic Equilibrium Exchange Rates (DEER)

The GSDEER framework establishes an equilibrium (or “fair”) value of the real exchange rate based on relative productivity and
terms-of-trade differentials.

For more, see our GSDEER page, Global Economics Paper No. 227: Finding Fair Value in EM FX, 26 January 2016, and Global
Markets Analyst: A Look at Valuation Across G10 FX, 29 June 2017.

Financial Conditions Index (FCI)

GS FCls gauge the “looseness” or “tightness” of financial conditions across the world’'s major economies, incorporating
variables that directly affect spending on domestically produced goods and services. FCls can provide valuable information
about the economic growth outlook and the direct and indirect effects of monetary policy on real economic activity.

FCls for the G10 economies are calculated as a weighted average of a policy rate, a long-term risk-free bond yield, a corporate
credit spread, an equity price variable, and a trade-weighted exchange rate; the Euro area FCl also includes a sovereign credit
spread. The weights mirror the effects of the financial variables on real GDP growth in our models over a one-year horizon. FCls
for emerging markets are calculated as a weighted average of a short-term interest rate, a long-term swap rate, a CDS spread,
an equity price variable, a trade-weighted exchange rate, and—in economies with large foreign-currency-denominated debt
stocks—a debt-weighted exchange rate index.

For more, see our FCl page, Global Economics Analyst: Our New G10 Financial Conditions Indices, 20 April 2017, and Global
Economics Analyst: Tracking EM Financial Conditions — Our New FCls, 6 October 2017.

Goldman Sachs Analyst Index (GSAI)

The US GSAl is based on a monthly survey of GS equity analysts to obtain their assessments of business conditions in the
industries they follow. The results provide timely “bottom-up” information about US economic activity to supplement and cross-
check our analysis of “top-down"” data. Based on analysts’ responses, we create a diffusion index for economic activity
comparable to the ISM's indexes for activity in the manufacturing and nonmanufacturing sectors.

Macro-Data Assessment Platform (MAP)

GS MAP scores facilitate rapid interpretation of new data releases for economic indicators worldwide. MAP summarizes the
importance of a specific data release (i.e., its historical correlation with GDP) and the degree of surprise relative to the
consensus forecast. The sign on the degree of surprise characterizes underperformance with a negative number and
outperformance with a positive number. Each of these two components is ranked on a scale from 0 to 5, with the MAP score
being the product of the two, i.e., from -25 to +25. For example, a MAP score of +20 (5;+4) would indicate that the data has a
very high correlation to GDP (5) and that it came out well above consensus expectations (+4), for a total MAP value of +20.
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clients. Hong Kong: Further information on the securities of covered companies referred to in this research may be obtained on request from
Goldman Sachs (Asia) L.L.C. India: Further information on the subject company or companies referred to in this research may be obtained from
Goldman Sachs (India) Securities Private Limited, Research Analyst - SEBI Registration Number INHO00001493, 951-A, Rational House, Appasaheb
Marathe Marg, Prabhadevi, Mumbai 400 025, India, Corporate Identity Number U74140MH2006FTC160634, Phone +91 22 6616 9000, Fax +91 22
6616 9001. Goldman Sachs may beneficially own 1% or more of the securities (as such term is defined in clause 2 (h) the Indian Securities
Contracts (Regulation) Act, 1956) of the subject company or companies referred to in this research report. Japan: See below. Korea: This
research, and any access 1o it, is intended only for "professional investors" within the meaning of the Financial Services and Capital Markets Act,
unless otherwise agreed by Goldman Sachs. Further information on the subject company or companies referred to in this research may be
obtained from Goldman Sachs (Asia) L.L.C., Seoul Branch. New Zealand: Goldman Sachs New Zealand Limited and its affiliates are neither
"registered banks" nor "deposit takers" (as defined in the Reserve Bank of New Zealand Act 1989) in New Zealand. This research, and any access to
it, is intended for "wholesale clients" (as defined in the Financial Advisers Act 2008) unless otherwise agreed by Goldman Sachs. A copy of certain
Goldman Sachs Australia and New Zealand disclosure of interests is available at: https://www.goldmansachs.com/disclosures/australia-new-
zealand/index.html. Russia: Research reports distributed in the Russian Federation are not advertising as defined in the Russian legislation, but are
information and analysis not having product promotion as their main purpose and do not provide appraisal within the meaning of the Russian
legislation on appraisal activity. Research reports do not constitute a personalized investment recommendation as defined in Russian laws and
regulations, are not addressed to a specific client, and are prepared without analyzing the financial circumstances, investment profiles or risk
profiles of clients. Goldman Sachs assumes no responsibility for any investment decisions that may be taken by a client or any other person based
on this research report. Singapore: Further information on the covered companies referred to in this research may be obtained from Goldman
Sachs (Singapore) Pte. (Company Number: 198602165W). Taiwan: This material is for reference only and must not be reprinted without
permission. Investors should carefully consider their own investment risk. Investment results are the responsibility of the individual

investor. United Kingdom: Persons who would be categorized as retail clients in the United Kingdom, as such term is defined in the rules of the
Financial Conduct Authority, should read this research in conjunction with prior Goldman Sachs research on the covered companies referred to
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herein and should refer to the risk warnings that have been sent to them by Goldman Sachs International. A copy of these risks warnings, and a
glossary of certain financial terms used in this report, are available from Goldman Sachs International on request.

European Union: Disclosure information in relation to Article 6 (2) of the European Commission Delegated Regulation (EU) (2016/958)
supplementing Regulation (EU) No 596/2014 of the European Parliament and of the Council with regard to regulatory technical standards for the
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at https://www.gs.com/disclosures/europeanpolicy.html which states the European Policy for Managing Conflicts of Interest in Connection with
Investment Research.

Japan: Goldman Sachs Japan Co., Ltd. is a Financial Instrument Dealer registered with the Kanto Financial Bureau under registration number
Kinsho 69, and a member of Japan Securities Dealers Association, Financial Futures Association of Japan and Type Il Financial Instruments Firms
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Securities Finance Company.
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Sachs (India) Securities Private Ltd.; in Japan by Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul
Branch; in New Zealand by Goldman Sachs New Zealand Limited; in Russia by OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore)
Pte. (Company Number: 198602165W); and in the United States of America by Goldman Sachs & Co. LLC. Goldman Sachs International has
approved this research in connection with its distribution in the United Kingdom and European Union.

European Union: Goldman Sachs International authorised by the Prudential Regulation Authority and regulated by the Financial Conduct Authority
and the Prudential Regulation Authority, has approved this research in connection with its distribution in the European Union and United Kingdom.

General disclosures

This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we
consider reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates
and forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as
appropriate, but various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large
majority of reports are published at irregular intervals as appropriate in the analyst's judgment.

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. We have
investment banking and other business relationships with a substantial percentage of the companies covered by our Global Investment Research
Division. Goldman Sachs & Co. LLC, the United States broker dealer, is a member of SIPC (https://www.sipc.org).

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal
trading desks that reflect opinions that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks
and investing businesses may make investment decisions that are inconsistent with the recommendations or views expressed in this research.
We and our affiliates, officers, directors, and employees, will from time to time have long or short positions in, act as principal in, and buy or sell,
the securities or derivatives, if any, referred to in this research, unless otherwise prohibited by regulation or Goldman Sachs policy.

The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do
not necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs.

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in
the products mentioned that are inconsistent with the views expressed by analysts named in this report.

This research is focused on investment themes across markets, industries and sectors. It does not attempt to distinguish between the prospects
or performance of, or provide analysis of, individual companies within any industry or sector we describe.

Any trading recommendation in this research relating to an equity or credit security or securities within an industry or sector is reflective of the
investment theme being discussed and is not a recommendation of any such security in isolation.

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be
illegal. It does not constitute a personal recommendation or take into account the particular investment objectives, financial situations, or needs of
individual clients. Clients should consider whether any advice or recommendation in this research is suitable for their particular circumstances and,
if appropriate, seek professional advice, including tax advice. The price and value of investments referred to in this research and the income from
them may fluctuate. Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may
occur. Fluctuations in exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all
investors. Investors should review current options and futures disclosure documents which are available from Goldman Sachs sales
representatives or at https://www.theocc.com/about/publications/character-risks.jsp and https://www.fiadocumentation.org/fia/regulatory-
disclosures_1/fia-uniform-futures-and-options-on-futures-risk-disclosures-booklet-pdf-version-2018. Transaction costs may be significant in option
strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation will be supplied upon request.

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by the Global Investment
Research division of GS may vary as compared to that provided to internal and other external clients of GS, depending on various factors including
your individual preferences as to the frequency and manner of receiving communication, your risk profile and investment focus and perspective
(e.g., marketwide, sector specific, long term, short term), the size and scope of your overall client relationship with GS, and legal and regulatory
constraints. As an example, certain clients may request to receive notifications when research on specific securities is published, and certain
clients may request that specific data underlying analysts’ fundamental analysis available on our internal client websites be delivered to them
electronically through data feeds or otherwise. No change to an analyst’s fundamental research views (e.g., ratings, price targets, or material
changes to earnings estimates for equity securities), will be communicated to any client prior to inclusion of such information in a research report
broadly disseminated through electronic publication to our internal client websites or through other means, as necessary, to all clients who are
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All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all
research content is redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our
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research by third party aggregators. For research, models or other data related to one or more securities, markets or asset classes (including
related services) that may be available to you, please contact your GS representative or go to https://research.gs.com.
Disclosure information is also available at https://www.gs.com/research/hedge.html or from Research Compliance, 200 West Street, New York, NY

10282.
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