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Larbonomics

The Futare of Energy in the Age of Climate Change

Climate change is re-shaping the energy industry through
technological innovation and capital markets pressure. Our cost curve
of de-carbonization shows an abundance of large, low-cost investment
opportunities in power generation, industry, mobility, buildings and
nature-based solutions. However, these will not be sufficient to
mitigate the worst effects of climate change. Reducing net carbon
emissions on this scale requires carbon pricing, technological
innovation and a growing role for CO2 sequestration. Capital markets
are taking a leading role in financing the energy transition, while
tightening financing for hydrocarbon assets. This is likely to drive the
energy transition through higher energy prices, lowering the systemic
risk of stranded assets. A new Age of Restraint on new hydrocarbon
developments is leading to consolidation and higher barriers to entry
in the oil & gas industry, with Big Oils transitioning to Big Energy and
non-OPEC oil supply growth terminating by 2021.
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Carbonomics PM Summary: All the Rules on Energy Investing Change in
the Age of Climate Change

11 December 2019

Climate change is re-shaping the energy industry through technological innovation and
capital markets pressure, as we analyse in this report. Our modeling of the cost curves
for carbon conservation (technologies for not emitting CO2) and sequestration (natural or
artificial processes to remove carbon from the atmosphere) show large investment
opportunities in low-cost ways to conserve (mainly in power generation, but also in
buildings, industry and mobility) and sequester (forests and pastures) carbon today that
should make a meaningful impact to global net emissions. However, as the conservation
cost curve becomes steeper, the volume of low-cost conservation and sequestration is
no longer sufficient to meet the scale and pace of net carbon reduction needed to
mitigate the worst effects of climate change. As such, we believe that further
technological innovation will be critical to achieve net zero carbon and that
emerging sequestration technologies will have an important role to play. This
report also looks at how legacy hydrocarbon businesses are changing under the
pressure of capital markets. The increasingly active role of capital markets in tightening
financing for hydrocarbon assets is forcing a dramatic change to the industrial landscape
of the oil & gas industry, leading to consolidation and capital restraint, with important
consequences for corporate returns and the outlook for oil prices in a new Age of
Restraint’.

The cost curve of de-carbonization is steep, calling for more technological innovation,
carbon pricing and a growing role of C02 sequestration

We have 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 resulting carbon
abatement cost curve is steep, with large investment opportunities in low-cost areas,
particularly in power generation, but rapidly rising costs as we move to higher levels of
de-carbonisation. At the current costs of commercially available CO2-abatement
technologies, we estimate that ¢.60% of current anthropogenic GHG emissions can
be abated at an implied CO2 price of less than US$200/tnC0O2eq (ton of carbon
dioxide equivalent, including the impact of other greenhouse gases, such as methane
and nitrous oxide, converted in terms of the amount of CO2 that would create the same
amount of warming). 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 make little impact in mobility, industry or
buildings, excluding technology-specific incentives. Most notably, we estimate that
€.25% of total current anthropogenic GHG emissions are not abatable under currently
available large-scale commercial technologies. This is why we believe that further
technological innovation and greater investment in sequestration technologies will be
needed in order to achieve net zero carbon emissions. Although carbon sequestration
has seen a revival in recent years, it has not yet reached 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,
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with investments in carbon capture, utilisation and storage (CCUS) plants over the
past decade <1% of the investments in renewable power. In particular, direct air
carbon capture and storage (DACCS) has highly uncertain economics, with most
estimates between $40-400/ton (at scale) and only small pilot plants currently in activity.
The importance of DACCS lies in its potential to be almost infinitely scalable and
standardizable, therefore potentially setting the price of carbon in a net zero emission
scenario.

Capital markets are taking a leading role in financing the energy transition, while
severely tightening financing for new hydrocarbon assets

Over the past eight years, investors have taken an increasingly active role in
pushing corporate management towards incorporating climate change into their
business plans and strategy. The number of climate-related shareholder proposals
has almost doubled since 2011 and the % of investors voting in favour has tripled over
the same time period. This investor pressure, however, is not evenly distributed across
sectors and has a clear bias towards energy producers vs. energy consumers. Data
from Proxylnsight shows 50% of proposals target the energy producers (oil & gas,
utilities, coal), with a further 10% targeting financial institutions that lend to energy
producers. In our view, this is creating a severe tightening of financing conditions
across the hydrocarbon industry, leading to a new age of capital constraint: (1)
Reserve-based lending to E&Ps for new oil & gas developments is down 90% from the
peak. Reserve-based lending (long-term lending collateralized with the oil & gas
reserves underground) was the financing of choice for E&Ps and some NOCs as
international operators of mega-projects in the 2000s. High yield credit to the US E&Ps,
the financing of choice of smaller US shale producers, has also dried up since the
beginning of 2019, leading to a 25% fall in US shale activity ytd; (2) NOCs are moving
away from aggressive international expansion as they focus on higherreturn domestic
investments, gas and downstream value chains. Between 2003 and 2014, oil prices rose
well above the budget breakevens of OPEC countries, creating US$1.6 tn of surplus that
was partially re-invested in oil & gas capex, financing the international expansion of
NOCs. Since 2014, the substantial fall in oil prices has pushed NOCs to retrench to their
home basins, making them net sellers of resources and incentivizing stronger
collaboration with Big Oils; and (3) Big Qils" carbon reduction ambitions reduce their
ability to accelerate oil field developments. As we discussed in our report Re-imagining
Big OQils, we believe it is strategically imperative for Big Oils to transform into Big
Energy, in line with the global ambition to contain climate change.

Tightening financial conditions on new hydrocarbon developments is leading to
consolidation and higher barriers to entry in the traditional oil & gas industry

The period between 2004-16 saw two oil & gas revolutions, fuelled by cheap
financing, leading to industry fragmentation and a compounded 10% cost inflation.
The first oil & gas revolution (2004-13) was driven by National Oil Companies (NOCs)
that deployed their rising free cash flow into rapid international expansion, with a
combination of exploration and M&A activities. The second oil & gas revolution (2009-16)
was led by US exploration & production companies, unlocking 100+ bn bls of US shale
oil resources. We believe these revolutions are over, with the market turning away from
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resource expansion in the wake of the low carbon transition, and financial conditions
tightening across the industry. Since 2014, the industry structure started to
rationalize into a more concentrated one, with a small group of companies (the
new ‘Seven Sisters’) emerging as structural winners, continuing to sanction projects
consistently through 2014-18. The three drivers of tighter financial conditions for new oil
fields outlined above are raising the barriers to entry while increasing the equity risk
premium on new long-cycle developments, leading to a more concentrated industry
structure with higher returns and lower volume growth. Over the last five years, Big Qils
have doubled their market share in long-cycle developments and US shale oil,
re-establishing the attractive returns that were lost during the oil & gas revolutions of
the 2000s. Project IRR troughed in 2006-14 at 10%-15% on the back of excessive
competition. We estimate that the FIDs taken (mainly by Big Oils) from 2015 to 2020E
will instead yield a profitability more consistent with what the industry saw in the 1990s:
20%-30% project IRR, which should be consistent with ROACE recovering to 15% +.
This restoration of profitability through scale, concentration and standardization is
leading Big Oils to a position where they can leverage the higher returns from
their traditional oil & gas business to foster innovation and investment in their
transition towards Big Energy.

Big Oils have an important role to play in the de-carbonization process, as they become

Big Energy, providing technology, capital and risk management capabilities

Big Oils have shown tremendous ability to adapt to technological change in their 100+
years of history. We believe it is now strategic that they drive a low-carbon transition
consistent with the global ambition to contain global warming within 2° C. We believe
Big Oils have many tools to achieve this transition towards Big Energy and
become broader, cleaner energy providers, such as: a deeper presence in the global
gas and power chains, including retail, EV charging and renewables; biofuels;
petrochemicals; improved upstream and industrial operations; nature-based solutions
and carbon capture. In our deep-dive analysis, ‘Re-Imagining Big Oils’ we discussed the

options available and argue that the strategic objective can be delivered with improving
corporate returns and renewed value for scale and integration. This transition will require
deep cultural and corporate changes and may leave the higher carbon parts of the value
chain financially stranded and underinvested, such as oil production. We estimate that
this transition, if fully embraced and executed, has the potential to lead to a 20% +
reduction in greenhouse gas emissions (GHG) by 2030 in Big Oils’ direct operations but
also on a ‘'well to wheel’ basis, consistent with a 2° C scenario.

Structural underinvestment in oil to bring an end to non-OPEC oil production growth
from 2021

The underinvestment in the oil sector that followed the 2014 oil price downturn,
combined with the de-carbonization focus is, according to our Top Projects analysis,
putting an end to a decade of credit-fuelled shale oil hypergrowth and we now expect
non-OPEC production to stop growing from 2021. This comes on the back of both:
(1) a thinner pipeline of mega long-cycle developments leading to declining
production ex-shale from 2021, and (2) a deceleration in US shale growth owing to
higher declines from a larger production base, a reduction in profitable drilling locations



Goldman Sachs

and slowing productivity improvements. The intensified focus on de-carbonisation and
substantial tightening of financial conditions lead us to believe that this supply tightness
post 2020 is structural in nature.

While de-carbonization is drastically changing the supply landscape of oil & gas,
demand in the medium term remains robust under the vast majority of potential
de-carbonization scenarios

While we see supply tightness post 2020 in the oil market, as a direct result of
underinvestment and tightening financial conditions in the industry, demand growth is
currently the variable most investors are focusing on. We analyze several scenarios of
de-carbonization of transport, power generation and plastic recycling, showing that
the demand for both oil and gas is likely to remain robust under the vast majority of
decarbonisation scenarios in the medium term (to 2030 for oil and to 2040 for gas). This
supports our view that the capital market focus on de-carbonisation is changing the
supply dynamics of the industry much faster than its demand dynamics, will result in a
tight oil & gas market in the 2020s and is likely to lead to a de-carbonization process
through higher, not lower, energy prices.

11 December 2019 6
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Carbonomics in 12 charts

Exhibit 1: Capital Markets are assuming a key role in the climate
change debate...
Number of climate-related shareholders’ proposals vs. % vote in favour
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Exhibit 2: ...as de-carbonization successfully starts in power
generation, but faces a steep cost curve...

Conservation carbon abatement cost curve for anthropogenic GHG
emissions, based on current technologies and associated costs
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Exhibit 3: ...with an important future role for technological
innovation and sequestration technologies...
Sequestration and Conservation carbon abatement cost curves with

Exhibit 4: The energy sector faces increasing investor climate

change activism...

Split of climate-related shareholder proposals, 2016-19 average, by
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Exhibit 5: ...resulting in tighter financial conditions and structural Exhibit 6: ...including US E&Ps with HY credit issuance at
underinvestment historically low levels
EU E&Ps total amount raised through credit facilities/bank loans, US$Sbn Creditissuance by HY US E&Ps (LHS USS$ bn) and yield in % (RHS)
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Exhibit 7: Tighter financing and higher barriers to entry are leading
to industry consolidation...
Herfindahl Index, Top Projects capex by operator at time of FID
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Exhibit 8: ...and rising returns for the few companies still capable

of developing oil & gas new mega-projects
Top Projects IRR by year of FID split by winzone
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Exhibit 9: Structural underinvestment is starting to impact oil
supply, leading non-OPEC ex-growth from 2021...

Liquids production yoy growth (kblpd) from non-OPEC excluding shale
projects
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Exhibit 10: ...creating a large call on OPEC in the 2020s...

Key drivers of oil supply growth over 2020-25E (mn blpd)
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Exhibit 11: ...while oil demand remains robust to 2030 under most
de-carhonization scenarios...

Oil demand in transport CAGR 2018-30 scenario analysis for different EV
penetration and GDP scenarios
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Exhibit 12: ...as does the demand for gas, with longer-term visibility

to 2040

Natural gas demand CAGR 2018-40 in power generation under different

scenarios of coal and renewables mix

Natural gas CAGR 2018-40 in power generation (%)

Coal in electricity generation mix (%) - 2040

* Assumming electricity generation grows by 2% CAGR 2018-40
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Higher temperatures and environmental damage enhance capital markets
focus on climate change

Climate change is a top of mind topic amongst policy-makers, scientists and investors
and is re-shaping the future of the energy industry through financing, regulation,
technological innovation and investor activism, with a seismic shift in the global
landscape of capital allocation. This comes on the back of temperatures being on a
persistently upwards trajectory while the frequency of natural disasters across the globe
has increased materially over the past decade. While there is still debate about whether
it is possible to attribute the increase in both the number and severity of these natural
catastrophes directly to climate change, there is a general acceptance that the
frequency of at least some of these events, such as extreme heatwaves, flooding and
wildfires, have indeed a considerable correlation with global warming. The Global
Markets Institute analysed the opportunities and costs of urban adaptation to climate
change in ‘Taking the heat: Making cities resilient to climate change’ Natural loss-related
events are typically classified into four categories: (1) geophysical events (e.g.
earthquakes, dry mass movements and volcanic eruption), (2) weather-related events
(e.g. flooding and storm surges), (3) climatological events (e.g. heatwaves, droughts and
wildfires) and (4) meteorological events (e.g. tropical storms and windstorms). The data
suggests that the number of natural hazard-related insurance loss incidents is now rising
at a rate of roughly 5% to 6% per annum, compared to the 10-year historical average of
2%-4%. Weather-related events are an important driver. In 2018, weatherrelated events
alone accounted for about 90% of both the total number of natural hazards and the
financial losses from such hazards (exhibit 14). What's more, over the past decade,
weatherrelated damages have reached roughly $2.8 trillion, which is more than 30%
above cumulative losses from the prior decade.

Exhibit 13: The frequency of above-average temperatures has risen Exhibit 14: ...with the number of natural catastrophe-related loss

substantially over the past decade...

events globally having increased materially over recent years
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De-carbonization has structurally changed capital markets access for
hydrocarbon producers

Climate change is shaping the future of the energy sector, with investors taking an
increasingly active role in driving the low-carbon transition for energy companies

With current emissions on a persisting upwards trajectory, investors are emerging
with a leading role in driving the climate change debate, pushing corporate
management towards incorporating climate change into their business plans and
strategy. The number of climate-related shareholder proposals has almost doubled
since 2011 and the % of investors voting in favour has tripled over the same time
period. This investor pressure, however, is not evenly distributed across sectors and has
a clear bias towards energy producers vs. energy consumers. Data from Proxylnsight
shows 50% of proposals target the energy producers (oil & gas, utilities, coal), while
only 30% of the proposals target the sectors that account for most of the final energy
consumption. In particular, transport, agriculture, basic materials and construction
account for only 10% of total climate change shareholder proposals, while the focus on
utility and oil & gas companies has been the highest and substantially increased over
the past few years.

Exhibit 15: Shareholders are pushing energy companies to

Exhibit 16: ...with investor divestments, already evident in the coal

embrace the energy transition... industry
Number of climate-related shareholders’ proposals vs. % vote in favour # of divesting institutions (LHS) vs. coal stocks EV/EBITDA (RHS)
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Exhibit 17: The climate-related shareholder proposals have a very Exhibit 18: ...with oil & gas having the largest proportion of
targeted focus on the energy sector... climate-related proposals relative to the total shareholder
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% of total shareholder proposals that are climate related split by
industry, 2014-19
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Financial conditions for new oil projects have structurally tightened, increasing the risk
premium for long-cycle developments, leading to a new age of capital restraint

Our annual survey of the world’s most critical energy assets, Top Projects, shows
tangible evidence that de-carbonization is transforming the current landscape of the
industry. Capital availability for new oil developments has tightened significantly over the
past five years, with the market increasingly focused on the low-carbon transition: (1)
Reserve-based lending to E&Ps for new oil & gas developments is down 90% from
the peak, with financial institutions redirecting financing towards renewable
developments. Reserve-based lending (long-term lending collateralized with the oil &
gas reserves underground) was the financing of choice for E&Ps and some NOCs as
international operators of mega-projects in the 2000s. The banks that were most active
in reserve-based lending have substantially reduced their exposure to oil & gas and are
mostly looking to discontinue hydrocarbon financing over the long term. High yield credit
to the US E&Ps, the financing of choice of smaller US shale producers, has also dried up
since the beginning of 2019, leading to a 25% fall in US shale activity ytd; (2) NOCs are
moving away from aggressive international expansion as they focus on
higher-return domestic investments, gas and downstream value chains. Between
2003 and 2014, oil prices rose well above the budget breakevens of OPEC countries,
creating US$1.6 tn of surplus that was partially re-invested in oil & gas capex, financing
the international expansion of NOCs. Since 2014, the substantial fall in oil prices has
pushed NOCs to retrench to their home basins, making them net sellers of resources
and incentivizing stronger collaboration with Big Oils; and (3) Big Oils’ carbon
reduction ambitions reduce their ability to accelerate oil field developments. As we
discussed in our report Re-imagining Big Oils, we believe it is strategically imperative for
Big Oils to show that they can reduce their carbon intensity in line with the global
ambition to contain global warming.

Exhibit 19: E&Ps relying on credit facilities saw their funding Exhibit 20: ...and so have US E&Ps with HY credit issuance at

availability shrink materially... historically low levels

EU E&Ps total amount raised through credit facilities/bank loans, US$bn Creditissuance per quarter by HY US E&Ps by rating (LHS US$ bin) and
yield in % (RHS)
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The cost of de-carbonization is steep, but offers some attractive
large-scale investment opportunities

11 December 2019

The cost curve for de-carhonization through conservation is steep...

The route to full de-carbonisation can be facilitated through two complementary paths,
conservation and sequestration, with the former referring to technologies and efforts
targeting the reduction of gross greenhouse gases emitted and the later referring to
natural sinks and carbon capture and storage technologies (CCS) that aim to reduce net
emissions by subtracting carbon from the atmosphere. The two routes to
de-carbonisation are both generally accepted to be vital in achieving net zero carbon
emissions as climate change pressures intensify and carbon emissions continue to
overshoot the path associated with the more benign global warming paths.

The primary area of interest of policy-makers and investors alike in the climate change
debate has been, to date, focused on conservation technologies and today’s
conservation efforts take many forms - from the shift of coal to gas and renewables in
power generation to increased industrial and building efficiency and electrification of
transport. As part of our analysis, we have constructed a carbon abatement cost curve
for conservation technologies. This shows the cost curve of anthropogenic GHG
emissions’ reduction potential relative to the current global anthropogenic GHG
emissions. In this analysis we primarily address conservation de-carbonization
technologies that are currently available at commercial scale (commercial operation &
development), and present the findings of this analysis at the current costs associated
with each technology’s adoption. We include conservation technologies across all key
emission contributing industries globally; power generation, industry, transport,
buildings and agriculture.

Exhibit 21: The conservation cost curve is steep, with ¢.75% of emissions abatable under current
commercially available technologies (at prices up to US$1,200/tnC02eq)

Conservation carbon abatement cost curve for anthropogenic GHG emissions, based on current technologies and
commodity prices, assuming economies of scale for technologies in pilot phase
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..with some low-hanging fruits in power generation, but rapidly rising abatement costs
particularly for transport

The resulting carbon abatement cost curve for conservation technologies is very
steep, with some low-hanging fruits, particularly in power generation, but rapidly rising
costs as we move to higher levels of de-carbonisation. At costs of commercially
available conservation technologies, we estimate that ¢.50% of current anthropogenic
GHG emissions can be abated at an implied carbon cost of up to US$200/tnC0O2eq.
Carbon prices of less than US$100/tnCO2eq (in the absence of other incentives)
primarily result in a transformation of the power generation industry from
carbon-intensive fuels (coal and oil) to cleaner alternatives (gas, solar, wind), but make a
small dent into the transportation sector. Our correlation analysis indicates that the shift
away from coal to cleaner alternatives accounts for ¢.80% of emissions reduction to
date, yet coal consumption on a global basis is still increasing.

Exhibit 22: Global coal consumption in power generation grew
again in 2017-18 after two years of decline...

Exhibit 23: ...despite evidence suggesting that the shift away from
coal explains ¢.80% of the reduction in carbon intensity by country

Global electricity generation split by fuel (TWh) since 2000.
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However, as we move along the curve to higher levels of de-carbonization, the marginal
cost of further emissions abatement increases rapidly, with the higher end of the cost
spectrum (implied carbon prices of up to US$1,200/tnCO2eq) occupied primarily by the
industry and transport sectors with biofuels in aviation and shipping and the prospect of
full electrification in road transport (considering both long- and short-haul electric trucks,
electric buses, urban and rural electric passenger vehicles), requiring implied carbon
prices of over US$300/tnCO2eq and up to US$1,200/tnCO2eq.
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However, conservation efforts alone are unlikely to reach net zero carbon
without carbon sequestration

There are two complementary paths to enable the world to reach net zero emissions:
conservation and sequestration. \We estimate that we may not be able to abate ¢.25%
of total current anthropogenic emissions under currently available large-scale
commercial technologies. This makes sequestration a critical piece to the puzzle
associated with solving the climate change challenge and achieving net zero
carbon emissions. The cost curve for sequestration and conservation are presented in
the exhibit below. The conservation cost curve has a larger scope for low cost
de-carbonization opportunities and a smaller range of uncertainty, but steepens
exponentially beyond the mid-point. The sequestration cost curve on the other hand
offers fewer low-cost solutions and has greater cost uncertainty, but provides
tremendous long-term potential if an economic solution for direct air carbon capture is
developed.

Exhibit 24: The path to de-carbonization will be driven by technological innovation and economies of scale
for both conservation and sequestration initiatives

Carbon abatement cost curves (US$/tnC02) for conservation and sequestration technologies vs. the GHG
emissions abatement potential (GtC02eq)

1,200 -
S
3
2 1,000
>
(2]
2
2 800 |
o
o
£
£
£ 600 |
s
Qo
©
c
g 400 |
©
(]
200
0 L —r
[4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

-200 -
GHG emissions abatement potential (GtCO2eq)

Sequestration range of uncertainty Conservation range of uncertainty
—= Sequestration abatement curve = Conservation abatement curve

Source: Global CCS Institute, Goldman Sachs Global Investment Research



Goldman Sachs

11 December 2019

The wild card: Carbon sequestration is the key technology that could complement
conservation in unlocking the full de-carbonization potential

While it is generally accepted that carbon sequestration will be vital in order to achieve
net zero carbon emissions, the rate of carbon sequestration technology deployment
remains, to-date, sub-scale. Carbon sequestration efforts can be classified primarily into
two main categories; natural sinks (natural carbon reservoirs that can remove carbon
dioxide with efforts including reforestation, afforestation and agro-forestry) and carbon
capture, utilisation and storage technologies (CCUS). As part of our analysis, we
have constructed a carbon abatement cost curve for sequestration, in a similar manner
to that constructed for conservation.

Exhibit 25: The carbon sequestration curve is less steep compared to the conservation curve but with a
higher range of uncertainty. Direct Air Carbon Capture (DACCS) is the technology with the most uncertainty
and the greatest potential

Carbon sequestration cost curve (US$/tnC02eq) and the GHG emissions abatement potential (GtC02eq)
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Although carbon sequestration has seen a revival in recent years, it has not yet reached
large-scale adoption and economies of scale that traditionally lead to a breakthrough in
cost competitiveness, especially when compared to other CO2-reducing technologies
such as renewables. Despite the key role of sequestration in any scenario of net carbon
neutrality, investments in CCS plants over the past decade have been <1% of the
investments in renewable power. Although we are seeing a clear pick up in CCS pilot
plants after a ‘lost decade’, we do not yet know where costs could settle if CCS
attracted similar economies of scale as solar and wind. The vast majority of the cost of
carbon capture and storage comes from the process of sequestration and is inversely
related to the CO2 concentration in the air stream from which CO2 is sequestered. The
cost curve of CCS therefore follows the availability of CO2 streams from industrial
processes and reaches its highest cost with direct air carbon capture and storage
(DACCS), where economics are highly uncertain, with most estimates between
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$40-400/ton and only small pilot plants currently in activity. The importance of DACCS
lies in its potential to be almost infinitely scalable and standardized, therefore setting the
price of carbon in a net zero emission scenario.

Exhibit 26: Solar PV cost per unit of electricity has fallen 70%+ over Exhibit 27: ...while the languishing investment in CCS sequestration
the last decade as cumulative solar capacity has increased technologies has possibly prevented a similar cost improvement

exponentially...

Annual investment in solar PV (LHS) and large-scale CCS (RHS)

Solar PV capex (US$/kW) vs. global cumulative solar PV capacity (GW)
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Technology-agnostic carbon pricing is key: The symbiotic relationship between carbon
pricing and climate change technological innovation

We believe that carbon pricing will be a critical part of any effort to move to net zero
emissions, while incentivizing technological innovation and progress in de-carbonization
technologies. The very steep carbon abatement cost curve calls for a growing need for
technological innovation, sequestration technologies deployment and effective carbon
pricing. The two approaches to de-carbonisation, conservation and sequestration, are
both vital in achieving net zero carbon emissions as emissions continue to overshoot the
path associated with the more benign global warming paths. In the short term, we
believe that carbon prices should be sufficiently high to incentivize innovation and a
healthy competition between conservation and sequestration technologies while longer
term, such an equilibrium price of carbon is expected to decline on the back of
technological innovation and economies of scale.

Exhibit 28: Conservation, while well understood and widely Exhibit 29: ...with sequestration also critical in achieving the
adopted, shows a steep cost curve with a limit in abatement low-carbon transition yet with a wider range of cost uncertainty
potential based on current technologies... given its current under-deployment

Carbon conservation cost curve with % of total current GHG emissions Carbon conservation cost curve with % of total current GHG emissions
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Carbon pricing initiatives are accelerating, yet still only cover ¢.15%-20% of total global
emissions

At present, 57 carbon pricing initiatives are underway, covering 46 national and 28
regional governments worldwide, mostly through cap-and-trade systems. These
initiatives are gaining momentum, with China, the world’s largest CO2 emitter, expected
to launch the initial phase of its own ETS roadmap in 2020. These carbon pricing
systems have shown varying degrees of success in reducing carbon emissions;
together, according to the World Bank Group, all of these initiatives (including China)
cover 11GtCO2eq, representing ¢.20% of the world's total GHG emissions.

Exhibit 30: The carbon prices associated with global carbon price Exhibit 31: ...with carbon pricing initiatives only covering c.20% of

initiatives (carbon taxes and ETS) show a wide regional

variability...

global GHG emissions with the addition of China by 2020E
Carbon pricing ETS initiatives’ share of global GHG emissions covered

Carbon prices through taxes and ETS (%)

Sweden carbon tax
Switzerland carbon tax
Liechtenstein carbon tax
Finland carbon tax
Norway carbon tax
France carbon tax
UETS

Iceland carbon tax
Denmark carbon tax
Alberta CCIR

Ireland carbon tax

UK carbon price floor
Slovenia carbon tax
California CaT

Spain carbon tax

New Zealand ETS
Portugal carbon tax
Beijing pilot ETS
South Africa carbon tax
Switzerland ETS
Argentina carbon tax
Tokyo CaT

Shanghai pilot ETS
Chile carbon tax
Colombia carbon tax
Singapore carbon tax
Mexico carbon tax
Japan carbon tax

25% -

20% -

o..||||I|I|||”

N
S

°
2
]
>
0
o
23
S 159, B
$2 |
E®S
S5 10% | FEE s
o EEEE
— 0/ =
55 =i NN
33
o
u“ 0% T T T T
° N ® ® O - o ® ¢ v © ~ © W w
o S © © ¥ ¥ ¥ ¥ = = = = = o o
5 S © © © © © © © © © © °© = 9«
3 N N N N N N N N N N N N o o
7] m China national ETS EUETS A N

= Japan carbon tax = Korea ETS

®m South Africa carbon tax ® Australia ERF Safeguard Mechanism

m California CaT = Guangdong pilot ETS

Mexico carbon tax = Ukraine carbon tax
® Fujian pilot ETS Kazakhstan ETS
France carbon tax Others

40 60 80 100 120 140
Carbon price (US$/tnCO2)

Source: World Bank Group

11 December 2019

Source: World Bank Group, Goldman Sachs Global Investment Research

Governments have been successful and incentivizing specific low-carbon technologies,
but efforts have been largely uncoordinated

With current emissions on a continuing upwards trajectory, a wide range of energy
efficiency and low-carbon policies have been put in place in different countries over the
past decade aiming to tackle the challenge of climate change. Some of them have been
very targeted (e.g. ethanol/wind/solar subsidies), while others were broader (fuel
standards). In aggregate, they have been successful at incentivizing clean tech
developments, yet they have not necessarily been a cost-efficient way for reducing
carbon emissions, and they have only fostered technological innovation in narrow areas
of the low-carbon economy. The costs associated with these policy measures
encompass a very wide range, from zero to US$1,000/tCO2, with several of the policies
implying a cost/ton CO2 that is higher than the implied cost of alternative technologies
such as sequestration. The economic studies involved in shaping the estimates
presented below are primarily concerned with policy measures that were in force during
the period 2010-14, with some of those sectors and technologies having experienced a
substantial reduction in costs since then (solar and wind in particular), driven by
accelerated capacity additions that unlocked the benefits of economies of scale.
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Exhibit 32: A number of targeted low-carhon policies have been implemented over the past decade with a
wide range of associated costs
Range of static carbon abatement cost of different past policies (US$/tnC02eq)

1600 -
=
N 1400 -
o
e
=
& 1200 -
]
2
% 1000 -
o
o
(4]
£ 800
©
=
n
> 600 -
2
©°
o 400 -
2007J l .
0 - T T T T T T T T
[) = —~ > » x x x
= > ] 2] [l n = %] c O
8 > § 2 =) v 5 o£ 2 55
£ Sac w S - > B k=l g k=] 20 ~
© T o9 = L3 S Lo [} o Z¥0) D~ ER=ED)
a5 cCT O <2 O oL £ > S~ |7 £ [ =)
° S %50 o8 35% 83 29 3z 28 n =
R T o 2 58 i >2 c o 2=
S S £32< 5 88 ] o g g z0 839
A L L T
2 = £5 3 3 5 38
& n a

* The upper limit of costs associated with policies has been curtailed at USS1600/tCO2 for comparison (* marked costs vary beyond that)

Source: The Cost of Reducing Greenhouse Gas Emissions Kenneth Gillingham James H. Stock Journal of Economic Perspectives vol. 32, Copyright
American Economic Association; reproduced with permission of the Journal of Economic Perspectives



Goldman Sachs

Tightening financial conditions for new hydrocarbon developments is
creating a new oligopoly with high barriers to entry

De-carbonization is transforming the structure of the oil & gas market into a
concentrated industry with high barriers to entry

The period of 2004-16 saw two oil & gas revolutions, fuelled by cheap financing, leading
to industry fragmentation and a compounded 10% cost inflation. The first oil & gas
revolution (2004-13) was driven by National Oil Companies (NOCs) that deployed their
rising free cash flow into rapid international expansion, with a combination of exploration
and M&A activities. In the meantime, market perception of long-term supply shortages
incentivized independent oil & gas players to step up their ambitions, becoming
operators of major developments across the globe. The second oil & gas revolution
(2009-16) was led by US exploration & production companies, unlocking 100+ bn bls of
US shale oil resources. We believe these revolutions are over, with the market turning
away from resource expansion in the wake of the low-carbon transition, and financial
conditions tightening across the industry.

With shrinking funding availability owing to the financial market re-directing financing
towards low-carbon projects, most companies have stopped sanctioning giant oil & gas
projects since 2014, allowing only a few to regain industry leadership. Therefore, since
2014, the industry structure started to rationalize into a more concentrated one with
seven companies (the ‘Seven Sisters’) emerging as structural winners, continuing to
sanction projects consistently through 2014-18. The tighter financial conditions for new
oil fields, as discussed earlier are raising the barriers to entry while increasing the equity
risk premium on new long-cycle developments, leading to a more concentrated industry
structure with higher returns and lower volume growth. We show in exhibit 34 that the
Herfindhal index of market consolidation on FIDs increased from 10%-20% in 2010-14 to
30%-50% in 2018, consistent with an oligopoly. The Herfindahl Index is a measure of
market concentration (calculated by squaring the market share of each of the companies
in the industry and then summing the resulting numbers).

Exhibit 33: Big Qils have regained their Top Projects leadership in Exhibit 34: ...and the market structure for the industry is the most
a newly consolidated market... favourable in 20 years
FIDs by year; Big Qils refers to ExxonMobil, Chevron, RDShell, TOTAL, Herfindahl Index, Top Projects capex by operator at time of FID
ENI, BP, Equinor. Excludes NOC FIDs in their home basin
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This repaired, more consolidated market structure has led to a restoration of the
industry’s profitability

The improvement in market structure that we have examined, together with tighter
financing conditions and improved negotiating positions with host governments, is
leading to a material uptick in profitability of new projects. Over the last five years, Big
Oils have doubled their market share in long-cycle developments and US shale ail,
re-establishing the attractive returns that were lost during the oil & gas revolutions of
the 2000s spawned by National Oil Companies and shale. As exhibit 35 shows, project
IRR troughed in 2006-14 at 10%-15% on the back of excessive competition. This level of
project IRR led Big Qils’ overall ROACE (including overhead costs) to fall to single digits.
We estimate that the FIDs taken (mainly by Big QOils) from 2015 to 2020E will instead
yield a profitability more consistent with what the industry saw in the 1990s: 20%-30%
project IRRs, which should be consistent with ROACE recovering to 15%+. Overall,
IRRs for new oil & gas mega-projects of 15%-30% are 50% higher than the returns
on projects sanctioned in 2004-14. This restoration of profitability through scale,
concentration and standardisation is leading to shorter time-to-market and a more
dynamic cost curve, with Big Oils in a position to leverage the higher returns from their
traditional oil & gas business to foster innovation and investment in their ongoing
low-carbon transition efforts.

Exhibit 35: Profitability of industry projects has returned to

Exhibit 36: ...and with net margin improving to 23% Brent

mid-2000 level with offshore oil projects profitability close to 30% assumption, back to historical highs

in 2018...
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De-carbonization is having an immediate impact on supply, with non-OPEC
supply growth ending in 2020, on our estimates

The underinvestment in the sector that followed the 2014 oil price downturn, combined
with intensified de-carbonization focus that led to the tightening of financial conditions in
the sector is, according to our Top Projects analysis, having a strong impact on oil supply
that will be felt as early as 2021. This comes on the back of both (1) a thinner pipeline
of mega long-cycle developments leading to declining production ex-shale from
2021 and (2) a deceleration in US shale growth owing to higher declines from a
larger production base, a reduction in profitable drilling locations and slowing
productivity improvements. The intensified focus on de-carbonisation and a
substantial tightening of financial conditions lead us to believe that this expected
supply tightness post 2020 is structural in nature.

Exhibit 37: The industry’s drive for resource expansion seems to Exhibit 38: ...and we expect a rising call on OPEC in the 2020s
have come to an end... Key drivers of oil supply growth over 2020-25E (mn blpd)
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1) We see non-0OPEC underinvestment in long-cycle developments leading to declining
production ex-shale over 2021-23...

According to our Top Projects analysis the oil price downturn has been followed by
considerable sector underinvestment with delays in project FIDs translating into ¢.7
mn boepd of lost oil production from long-cycle developments (and 2 mn boepd of
lost LNG production) by 2025 (on our estimates), vs. our Top Projects expectations in
2014. This has been a direct result of falling oil prices and NOCs/international E&Ps
retreating to their domestic basins to focus on balance sheet management.

Lost oil production (vs. 2014 expectations) has mainly been driven by revised production
growth profiles in Irag, Canada (oil sands projects), West Africa, GoM and Brazil
(deepwater). As it normally takes five to six years from FID to plateau production, we
believe underinvestment and the abrupt slowdown in the pace of FIDs in 2015 will
start to impact production growth from 2021.
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Our Top Projects database, which has historically closely tracked non-OPEC, ex-shale
global oil production growth, shows that the pace of production ramp-up of long-cycle
oil mega projects is likely to slow from 1.2-1.4 mn blpd at present to 0.6-0.8 mn
blpd from 2021, leading non-OPEC, ex-shale into a period of decline.

Exhibit 39: FID postponements are likely to induce lost oil
production equivalent to c.7 mn boepd in 2025E...
Top Projects lost offshore and onshore oil production from long-cycle
developments in mn boepd
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Exhibit 40: ...leading non-OPEC ex-US into growth decline in
2021-23E

Liquids production yoy growth (kblpd) from non-OPEC excluding shale
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Exhibit 41: This is the result of a material decline of the number of

sanctioned long-cycle developments since 2014...
Top Projects capex sanctioned by year, split by winzone (US$ bn)
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Exhibit 42: ...with Top Projects oil reserve life falling ¢.20 years
since 2014
Top Projects’ reserve life (years) by breakeven and production

Reserve life (years)
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Source: Company data, Goldman Sachs Global Investment Research
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(2) We expect a deceleration in shale growth with higher decline rates, slowing
productivity improvements and lower resource life
We estimate that a combination of factors outlined in the sections that follow, including

accelerated well decline rates from a larger production base, a halt in length-adjusted

well productivity improvements and reduced availability of profitable drilling

locations/acreage revealed by our geospatial analysis, will result in a material
slowdown in US shale growth post 2020, corresponding with the maturing of the
most prolific areas in Bakken/Eagle Ford and a higher underlying decline in all basins,
including Permian. Overall, we see US shale production growth decelerating from
>1.9 mn blpd in 2018 to ¢.1.4 mn blpd in 2019 and ¢.1.1 mn blpd in 2020 before
declining substantially from 2021.

Exhibit 43: The majority of liquids production growth from US shale

is attributed to the Big Four basins and dominated by Permian...

Unconventional liquids production by shale play (mn blpd)
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Exhibit 44: ...but we forecast a material deceleration in growth in
the 2020s across basins
Unconventional liquids production growth yoy (kb/d) by basin
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Exhibit 45: We estimate that c.3 mnblpd of new production will be

needed to keep production flat from 2020 onwards...

Production required to maintain flat production annually (mIn blpd) in

the big four US shale basins
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Exhibit 46: ...at a time when shale activity is decreasing despite a
range-bound oil price that remains above shale breakeven
Rig count vs. 3-month lagged WTI oil price
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Source: Baker Hughes, Goldman Sachs Global Investment Research
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The shale treadmill accelerates with steeper decline rates from a higher production
base

The US saw record-breaking growth in liquids production in 2018 at ¢.2.2 mn b/d. This
level of growth surpassed our expectations, with almost all of the beat driven by shale
where production growth (which was higher than anticipated) was geographically
broad-based with all the major shale basins contributing. This was driven by a vast shale
resource base, a well-equipped US services sector, a fragmented network of operators,
and relatively low base decline rates. The mechanics of shale production involve drilling
tens of thousands of wells at low cost, each of them with moderate peak production
and a rapid decline, creating a unique dynamic. While this has enabled substantial
production growth to date, by 2021, we see shale moving into maturity, with higher
decline rates from a larger production base resulting in slower incremental
growth. The geology of shale, with high initial well productivity and rapid decline rates (a
70% decline rate in year 1 is not uncommon, as shown in exhibit 48), provides different
growth and decline rate characteristics vs. conventional reservoirs. Growth can be very
rapid in the early years of a basin, but as the production base becomes larger, so do
decline rates, especially following a couple of years of very intensive developments,
when a large part of the production base is made up of high-decline wells in their first
1-2 years of life. Effectively, as shale rapidly increases its global market share, we
believe higher activity would be needed to maintain flat production - the shale
treadmill is accelerating.

Exhibit 47: 2018 was a record year of production growth for the

us...

Yearly increase in liquids production historically (kboepd)
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Exhibit 48: ...yet the well characteristics of shale are very different
from traditional long-cycle developments, with a very steep rate of
decline
Decline rates with peak production rebased to 100%
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Source: ANP, Alaska DoE, BOEM, Goldman Sachs Global Investment Research

Our well analysis of the Big Four basins shows a trend of accelerated decline rates in
individual wells. While wells continue to achieve higher 1-month production rates (partly
owing to increased proppant loading, longer lateral length and high grading), decline
rates between months 1 and 12 have been accelerating in all basins since 2015.
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Exhibit 49: All four major US shale basins have seen accelerated Exhibit 50: ...and between months 24 and 36, particularly in the
initial decline rates vs. 2015.... Permian basin
Decline in % seen between months 3 and 12 of production Decline in % seen between months 24 and 36 of production
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Length-adjusted productivity improvements seem to have stalled as productivity comes
at the expense of longer wells

Over the past 18-24 months, we have seen lateral length-adjusted productivity
improvements flatten off, broadly in sync with a flattening of proppant intensity (in lb/m).
However, increasing well lengths, especially in the Permian basin, have enabled overall
IP rates to continue growing. All plays saw significant increases in proppant usage per
length in previous years, driving greater EURs (Estimated Ultimate Recovery). But
proppant usage per m flattened, and productivity improvements stalled through late
2017-18. This suggests that more frac stages and proppant (as well as high grading)
were the major drivers of productivity improvements.

Exhibit 51: Wells have seen 2-8x increases in output since 2010... Exhibit 52: ...but length-adjusted productivity improvements
Average 3-month production in barrels/day for the Big 4 US shale basins (adjusted for lateral length) seems to have stalled since 2017 and in
by year of well start-up (blpm) some cases reversed
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Our proprietary geospatial analysis shows a declining backlog of profitable well
locations in US shale

We estimate that the Big 4 shale plays have a reserve life of ¢.30-35 years, down from
almost 80 years in 2016. This is driven by rapid growth in production, especially in the
Delaware and Midland basins, as well as our view that resources are reducing
progressively in the Bakken and Eagle Ford basins. By 2023, we believe shale could
have a resource life of under 20 years, increasing the focus on resource depth.

With resource depth/reserve life coming into focus, we have (in cooperation with GS
DataWorks) mapped the productivity of every well drilled since 2015 in the Big 4 major
US shale basins. Mapping wells that produce at different rates, and grouping them
together based on distribution density, revealed different areas of productivity, i.e.
“zones” This enabled the determination of the extent of core and non-core acreage, as
well as the drilling density to date. This provided a gross area breakdown from which
already drilled wells (since 2010) were subtracted (scaled to account for lateral
length/productivity) by zone (regardless of the production of historical wells). Further
economic analysis, based on each of the five zones, determined the breakeven price for
the remaining resources. An example of this analysis is shown in exhibit 54.

Exhibit 53: More than half the area (with breakeven below Exhibit 54: Delaware and Midland have the largest proportion of
USS$70/bl) of Eagle Ford and Bakken has already been drilled low breakeven (< US$50/bl) undeveloped resources
Reserve life and production from the Big 4 plays according to 2019 Top Liquid resources in the Big 4 basins classified by breakeven (mn boe)
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Our geospatial mapping shows uneven productivity of the acreage of all plays. When
combining undrilled acreage and our type curve analysis, we see that Bakken and Eagle
Ford have drilled between 50% and 60% of their economic acreage that has a
breakeven below US$70/bl. We think this is starting to show in the well decline profiles,
with decline rates at an accelerated pace. Accounting for longer and more productive
wells in the future, we believe it is possible that these areas could be practically fully
drilled in 2021-23. Meanwhile, our analysis suggests the Permian basin has both the
greatest remaining undrilled areal extent and potentially multiple levels/benches of
vertical zones which can contribute to production.
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While de-carbonization is drastically changing the supply landscape of oil
& gas, demand changes more slowly

11 December 2019

While we see supply tightness post 2020 in the market, a direct result of
underinvestment and tightened financial conditions in the industry caused by
de-carbonisation concerns, demand is currently the variable most investors are focusing
on in terms of the long-term oil & gas market landscape. We believe that while
de-carbonisation is changing the oil & gas supply dynamics, the demand for both
hydrocarbons remains robust under the vast majority of de-carbonisation
scenarios in the medium term (to 2030 for oil & 2040 for gas). In other words,
de-carbonisation is changing the supply dynamics of the industry much faster
than it changes demand resulting in a tight overall market in the 2020s. Absent a
material recession, we expect demand for both hydrocarbons to remain robust for at
least the next decade.

0il demand remains robust under most de-carbonization scenarios (considering
passenger vehicle electrification, plastics recycling and GDP)

The impact of increasing electric vehicles penetration in road transport and increased
growth of plastics recycling form two of the main concerns surrounding global oil
demand growth longer term (in addition to the health of the economy through GDP
growth). Transport today accounts for ¢.55% of global oil demand (2018) with petchems
having the second-largest contribution to global oil demand, accounting for ¢.13%. We
have conducted a sensitivity analysis to assess the potential impact of different EV
penetration scenarios in road transport to 2030 at different GDP growth levels. The
results are presented below, with oil demand growing (CAGR 2018-30E) under the vast
majority of scenarios. Only if the EV penetration in transport reaches ¢.40% by 2030
does there appear to be oil demand deceleration in transport, while total oil demand
remains on a growth trajectory at all other scenarios where GDP growth levels vary
between 2.3% to 3.9%. In our analysis, we assume EVs are comprised 56% pure EV
and 44% PHEV. This is on top of ¢.10% hybrids penetration assumed in 2030.
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Exhibit 55: Total oil demand keeps growing to 2030 under most electrification and GDP growth scenarios

Transport oil emissions in 2030 and oil emissions change in 2018-30 (GtC02eq) at different electrification and GDP growth scenarios
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Exhibit 56: Global oil demand continues to grow under all EV penetration scenarios considered (assuming

GDP >2% and moderate growth in petchems)

Total global oil demand under different GDP and EV penetration scenarios for 2030 (min bpd)
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A similar scenario analysis was performed to assess the potential impact of plastics

recycling on oil demand for petrochemicals, the second-largest contributor to oil

demand. Our GS colleagues discussed the potential benefits and impact of plastics

recycling in the report ‘The plastics paradox’, with currently ¢.20% of single-use plastics

being recycled. The results of the analysis indicate, similarly to electric vehicle

penetration, that under the vast majority of potential scenarios oil demand for
petrochemicals continues to grow to 2030, unless GDP growth falls below 2.3%. The

sensitivity of plastics recycling to total oil demand is even lower, with global demand for

oil growing under all plastics recycling rate growth scenarios considered.
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Exhibit 57: 0il demand for petrochemicals shows growth to 2030 under the vast majority of plastics recycling growth scenarios, assuming a
GDP of >2.3%

Sensitivity analysis for assumed plastics recycling growth and GDP for oil petchems demand (LHS) and total oil demand (RHS) CAGR 2018-30E
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Exhibit 58: Oil demand for petrochemicals is expected to grow under all single-use plastics recycling
scenarios considered, assuming GDP exceeds 2.3%
0il demand for petrochemicals under different GDP and single-use plastics recycling scenarios in 2030 (min bpd)
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Natural gas remains the hydrocarbon with the most constructive longer-term outlook as
it plays a vital role in the transition away from more carbon-intensive coal in power
generation, industry and heating

We believe that natural gas is the hydrocarbon with the most constructive demand
outlook owing to the importance of the shift of heavily coal-dependent economies to
cleaner fuels such as gas and renewables. As we have outlined in the previous section,
the shift away from coal can explain ¢.80% of emissions reduction across the largest
countries globally, and we believe that the shift away from coal in power generation,
particularly in Asia (and other emerging markets), is likely to continue and accelerate. In
the analysis presented in the table below, we have considered a number of different
scenarios for potential growth of demand for natural gas in power generation. In
particular, we have considered the combined effect of a potential reduction of coal in the
power mix and increased penetration for renewables assuming a base case CAGR of
electricity growth of 2% to 2040 (broadly in line with IEA “Stated Policies’ scenario) as
electrification in transport and industry accelerates. The scenarios considered vary from
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25% of coal fuel in the power generation mix by 2040 (from 38% in 2018) to 5%
(broadly in line with IEAs sustainable development scenario), and from 40% to 65% of
renewable fuel in electricity generation mix in 2040 (vs. 26% currently, including solar,
wind, hydroelectric, geothermal & biomass).

The result indicates that with the exception of a rare case where coal declines from
38% currently to 25% in the electricity generation mix, and renewables share in
electricity generation grows from ¢.25% currently to over 60%, in line with the
sustainable development scenario, gas demand in power generation is likely to grow.
More specifically, the scenarios under which gas declines due to aggressive uptake of
renewables yet non-deceleration in coal are shown to result in a higher carbon intensity
for electricity generation (based on current carbon intensities of coal, gas and
renewables in power generation). The sensitivity analysis assumes that nuclear energy
share in power generation remains at ¢.9% and excludes any impact from CCS.

Exhibit 59: Natural gas demand will grow under the vast majority of potential scenarios, with the
exception of when coal declines less than current policies suggest and renewables grow at sustainable
development levels

Natural gas demand in power generation under different scenarios of coal and renewables % fuel mix in power
generation and associated carbon intensity of electricity generation mix (kg/kWh)

Natural gas CAGR 2018-40 in power generation (%) Carbon intensity of electricity generation (kg/kWh)
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* Assumming electricity generation grows by 2% CAGR 2018-40 * Carbon intensity for electricity generation for coal, natural gas and oil

** Renewables include solar, wind, hydro, geothermal & biomass taken to be the current electricity generation carbon intensity for each

fuel (excl. efficiency gains and CCUS)

Source: Goldman Sachs Global Investment Research

Exhibit 60: A shift of power generation away from coal causes the most notable decrease in emissions
associated with electricity generation under the scenarios considered

Emissions from electricity generation in 2040 and change in emissions in 2018-40 (GtC02eq) for different coal and
renewables share in electricity generation mix in 2040 (%)

Emissions from electricity generation (Gt CO2eq)

Change in electricity emissions 2018-40 (GtCO2eq)

Renewables share in electricity generation mix (%) - 2040

Renewables share in electricity generation mix (%) - 2040

40% 45% 50% 55% 60% 65%

25% - 12.8 12.4 11.6 10.7 9.7

20% | 13.2 12.3 1.3 10.6 9.7 8.8

40% 45% 50% 55% 60% 65%

25% - 0.1 -0.3 =1 -2.0 -3.0

20% 0.6 -0.4 -1.4 -2:1 -3.0 -3.9

15% | 122 11.3 10.3 9.6 8.7 7.8 15% = -0.4 -1.4 -2.4 -3.1 -4.0 -4.9

city generation mix (%) - 2040

10% 113 10.3 9.3 8.6 77 6.8 10% -1.4 -23 -3.3 -4.1 -4.9 -5.9

5% 10.2 9.3 8.3 7.6 6.7 - 5% -2.4 -3.3 -4.3 -5.1 5.9 -

Source: Goldman Sachs Global Investment Research

Coal in electricity generation mix (%) - 2040
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A new ‘Age of Restraint”: De-carbonization leads to a tight oil market in
structural backwardation

We believe that the industry is currently entering the new ‘Age of Restraint, as we
highlighted in our industry overview report. Abundant OPEC spare capacity kept the
curve in backwardation in the 1990s, the previous ‘Age of Restraint’, as it created a
sense of long-term abundance, while providing enough short-cycle production to
counteract supply shocks, but not enough to move the physical market into a surplus.
We view this ‘Age of Restraint’ as similar in nature, with de-carbonisation now
playing a similar role in incentivizing investments in long-cycle capacity, while
shale is setting the price in the short term through periods of expansion vs. hibernation
and OPEC gaining market share. We view this backwardated market as structural in
nature.

Oil prices have doubled from the trough in 2016. Similar oil price moves in 2004 to 2007
led to a doubling of hydrocarbon investments, ultimately leading to higher non-OPEC
supply half a decade later, alongside cost inflation and industry fragmentation. However,
in our view, a broken financial transmission mechanism invalidates the historical
relationship between oil prices, investments and future oil production. As such, the
tight oil market that we forecast in the 2020s, based on underinvestment and project
FID delays as well as a deceleration in US shale growth, is likely to be structural in
nature. The primary cause of this broken transmission mechanism is substantial
tightening in capital availability for new hydrocarbon developments as the market
becomes increasingly focused on the transition towards low carbon.

Exhibit 61: The Restraint phase is characterised by a

Exhibit 62: ...the underinvestment and consolidated market

backwardated forward curve, providing incentive for short-cycle structure resulted in Big Oils returns improving throughout the
production, and high barriers to entry for long-cycle investments Restraint phase

0Oil prices (real terms, LHS) and timespreads (RHS), US$/bl
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Source: FactSet, Goldman Sachs Global Investment Research
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Exhibit 63: In the 1990s, OPEC spare capacity played a key role in

keeping the market in ‘Restraint'...

OPEC spare capacity (kbd, LHS) and as % of demand (RHS) in the

various phases of the cycle

Exhibit 64: ...and we expect the 2020s to be similar, with a c.1mn
blpd annual call on OPEC from 2021 on the back of a material

slowdown of non-OPEC growth

Key drivers of oil supply growth over 2020-25E (mn blpd)
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Big Oils have a key role to play in de-carbonization as they transition to Big
Energy

Big Oils have many tools to become broader, cleaner energy providers: Gas value
chains (incl. LNG), clean power & retail, biofuels, petrochemicals, sequestration and
reforestation

Big Oils have shown tremendous ability to adapt to technological change in their 100+
years of history. We believe it is now strategic that they drive a low-carbon transition
consistent with the global ambition to contain global warming within 2° C. We believe
Big QOils have many tools to achieve this transition towards Big Energy and become
broader, cleaner energy providers: a deeper presence in the global gas and power

chains, including retail, EV charging and renewables; biofuels; petrochemicals; improved

upstream and industrial operations; and carbon capture. In our deep-dive analysis,
'Re-Imagining Big Qils’, we discussed the options available and argue that the strategic

objective can be delivered with improving corporate returns and renewed value for scale
and integration. This transition will require deep cultural and corporate changes and may

leave the higher carbon parts of the value chain financially stranded and underinvested,
such as oil production (particularly oil sands and older fields), as outlined in the previous
sections of this report, and refining, likely leading to higher oil prices and refining
margins in the coming decade.

We estimate that this transition, if fully embraced and executed, has the potential to

lead to a 20%+ reduction in greenhouse gas emissions (GHG) by 2030 in Big Qils’ direct

operations but also on a ‘well to wheel’ basis, consistent with a 2° C scenario. Further,
we estimate that Big Oils can see improving returns in their path to becoming Big
Energy, as the improved market structure that now characterises the oil & gas industry
(increased consolidation and higher barriers to entry) will likely foster improved returns
in the traditional oil & gas business. These higher returns from the traditional oil & gas
business should in turn provide Big Oils with further funding to re-imagine their
business, showing renewed value for scale and integration.

Exhibit 65: We estimate that Big Oils can deliver an equivalent
20%+ reduction in GHG by 2030 in their direct operations...
Big Qils scope 1/2 GHG emissions intensity 2018-30 bridge
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Exhibit 66: ...and on a ‘well to wheel’ basis, transforming
themselves into ‘Big Energy’
Big Qils scope 3 GHG emissions 2018-30 bridge
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Overall, we see European Big Qils already spending ¢.50% of their capex on the
low-carbon transition and path to Big Energy, when accounting for all low-carbon
activities; gas, power & retail, petrochemicals, biofuels, renewables, natural sinks and
carbon capture.

Exhibit 67: Big Qils are already spending ¢.50% of their capex in low-carbon activities including gas, power & retail, petrochemicals,
biofuels, renewables and sequestration

RDShell

TOTAL

BP

Equinor

ENI

Repsol

omv

Galp

US$bn

GSe capex on
renewables forecast Company capex guidance carbon transition (incl. gas, on low carbon

pa
(2019-30)

0.44

0.71

0.79

0.60

0.19

0.01

0.01

Low carbon transition capital expenditure
% US$bn US$bn %

Annual renewables GSe capex expected on low Company total capex

Gse capex % of 2019

Gse capex on low carbon & clean energies power, retail, petchems, transition as % of
P biofuels, clean energies) GSe 2019-21E capex
1.8% $1-2 bn to 2020, $10-14 bn pa 2019-20, 539
= $2-3bn pa for 2021-25 $13-17 bn pa 2021-25 °
5.3% $1-2 bn pa to 2020 $7 bn pa to 2021 49%
3.2% $0.5bn pa $7 pa to 2021 45%
7.7% 15-20% capex by 2030 $4.5 bn pa to 2021 42%
6.8% €1.4bn (2019-22) €4.1-4.2 bn pa to 2021 49%
5.1% €2.5bn (2018-20) €2.0bn pa to 2021 51%
0.2% N/A €1.0 bn pa to 2021 46%
5% capex by 2020,
1.5% 10-15% capex in renewables new €0.4 bn to 2021 39%
business 2020+

Median 47%

Source: Company data, Goldman Sachs Global Investment Research

11 December 2019

LNG and power the imprint of Big Oils’ de-carbonization strategy

LNG has been a cornerstone of Big QOils’ businesses for decades. However, the market
has structurally changed over the past decade. Historically, Big Oils would take the
project and commodity price (oil price) risk of the projects, but the volume risk and the
basis risk (gas prices vs. oil prices) would be incurred by the utility customers. Since
2000, the average length of LNG offtake contracts signed has almost halved to ¢.10
years and so has the average contract volume, with a larger share of the volumes sold
on the spot market, as utilities can no longer pass through the volume and basis risk to
the final customer. This ‘de-regulation’ of the LNG market is changing the industry
dynamics, with the emergence of large portfolio players (Big Oils) with global scale and
the ability to act as ‘market makers’ in an illiquid market with volume and basis risk. This
is creating clear economies of scale and higher barriers to entry. As Asian utilities
continue to de-risk through signing shorter and smaller contracts, only a handful of
companies including Big Oils and a few NOCs, in our view, will be in a position to
undertake major new LNG developments.
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Exhibit 68: The average contract length for signed LNG contracts Exhibit 69: Spot LNG cargo deliveries have started to gain
commencing each year has almost halved since 2000 momentum at the expense of contracted LNG volumes over the past
Average contract length at year of contract start and 3-year moving five years

average Spot LNG cargo delivery (LHS) vs. spot LNG market share (RHS)
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Big Oils have emerged as the key LNG market makers in a vacuum of traditional
long-term contracts, allowing a number of new developments to move ahead

Among Big Qils, RDShell (followed by TOTAL and BP) has built a leadership position in
global LNG volumes, both produced (equity), sourced (long-term supply) and traded
(spot), as shown in exhibit 71. They have built in LNG an equivalent of the "pyramid’ in
oil, where their equity oil production is levered into a larger refining throughput and even
larger trading and retail volumes, with an accelerating contribution of third-party LNG
volumes in their portfolio. Both RDShell and TOTAL have laid out ambitious expansion
strategies in the global LNG market, with increasing market share over the past decade.

We believe that we are currently entering the next wave of LNG projects, dominated
by Big Qils, with LNG sanctions likely to continue to accelerate in 2019-20. LNG is the
hydrocarbon with the most constructive long-term demand outlook, primarily driven by
the ongoing policy shift in China and its blue-sky policy. In exhibit 70, we show the
reserves sanctioned by the ‘Seven Sisters’, according to our Top Projects analysis, split
by type of product (oil, gas and LNG), with LNG dominating project sanctions by the
majors in 2018 and expected to continue to lead to a healthy pace of FIDs in 2019-20,
further cementing Big Oils’ shift towards Big Energy.
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Exhibit 70: We are entering the next wave of LNG projects
sanctions...

Top Projects reserves sanctioned by the ‘Seven Sisters’ (RDShell,
TOTAL, BP, ENI, Equinor, ExxonMaobil, Chevron)
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Exhibit 71: ...driven by Big Oils, as they transition to Big Energy
LNG production capacity (split by producing, pre-sanctioned and under
development) and as a % of total 2018 oil & gas production for Big Oils
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Exhibit 72: RDShell's LNG volumes have more than doubled over
the past five years, with a larger contribution from third-party
volumes...

RDShell LNG volumes (mtpa) - LHS split by equity production (%) - RHS
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Exhibit 73: ...adopting a similar model to its integrated oil
operations, with oil products volumes sold 4x larger than the
company'’s equity production

RDShell’s oil volume produced, processed and oil products sold (kbpd)
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Exhibit 74: TOTAL has also been increasing its LNG volumes, a
balanced portfolio of equity and third-party production...

TOTAL LNG managed volumes (mtpa)-RHS split by equity production
(%)-RHS
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Exhibit 75: ...a similar model to the oil products vertical integration
of the company, with oil product sales currently more than double
the company’s equity production
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Appendix: De-carbonization cost curve in detall

Exhibit 76: De-carbonization conservation cost curve with the carbon abatement price range (US$/tnC02eq) and abatement potential

(GtCO2eq) split by industry

Conservation carbon abatement routes

Power generation - switch from coal to gas
Switch coal to gas - North America (ex-US)

Switch coal to gas - US

Switch from coal to gas -CIS

Switch from coal to gas -Middle East

Switch from coal to gas -Asia Pacific (low gas price)
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Switch from coal to gas -Europe
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Switch from coal to gas -Other Europe

Switch from coal to gas -Asia Pacific (high gas price)
Power generation - switch to renewables

Solar low cost cost scenario, high gas price
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Exhibit 77: De-carbonization conservation cost curve with the carbon abatement price range (US$/tnC02eq) and abatement potential

(GtCO2eq) split by industry

Conservation carbon abatement routes

Industry & industrial waste
Secondary production through scrap/recycling in aluminium
Efficiency gains & plastics recycling

Energy & process efficiency through recycling and BAT in pulp & paper
Other petrochemical process gains

Ammonia efficiency gains
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representing medium (15%-30%) probability and 3 representing low (0%-15%) probability. For companies ranked 1 or 2, in line with our standard
departmental guidelines we incorporate an M&A component into our target price. M&A rank of 3 is considered immaterial and therefore does not
factor into our price target, and may or may not be discussed in research.

Quantum
Quantum is Goldman Sachs' proprietary database providing access to detailed financial statement histories, forecasts and ratios. It can be used for
in-depth analysis of a single company, or to make comparisons between companies in different sectors and markets.

Disclosures

Coverage group(s) of stocks by primary analyst(s)

Michele Della Vigna, CFA: Europe-Energy:Qil-Integrated. Nikhil Bhandari: Asia Chemicals, Asia Refining, India/ASEAN Oil & Gas. Neil Mehta:
America-Integrated Oils, America-Refining & Marketing. Brian Singer, CFA: America-Exploration & Production. Geydar Mamedov: CEEMEA (ex-MENA)
Basic Materials, CEEMEA Energy. Mark Wiseman, CFA: A-share Energy, China Energy, China Gas. Bruno Amorim, CFA: Latin America-Airlines, Latin
America-Construction, Latin America-Diversified Industrials, Latin America-Energy, Latin America-Infrastructure. Baden Moore: Australia-Energy,
Australia-Utilities. Duncan Milligan: Europe-Energy:Oil-E&P Sahar Islam: Europe-Energy:Qil-Services. Vinit Joshi: India/ASEAN Oil & Gas.

A-share Energy: China Qilfield Services (A), China Petroleum & Chemical (A), PetroChina (A).

America-Exploration & Production: Antero Resources Corp., Apache Corp., Brigham Minerals Inc., Cabot Oil & Gas Corp., California Resources Corp.,
Chesapeake Energy Corp., Cimarex Energy Co., Concho Resources Inc., Continental Resources Inc., Devon Energy Corp., Diamondback Energy Inc.,
Encana Corp., EOG Resources Inc., EQT Corp., Hess Corp., Laredo Petroleum Inc., Marathon Oil Corp., Murphy Qil Corp., Noble Energy, Occidental
Petroleum Corp., Parsley Energy Inc., Pioneer Natural Resources Co., Range Resources Corp., Southwestern Energy Co., Viper Energy Partners, WPX
Energy Inc..

America-Integrated Oils: Canadian Natural Resources Ltd., Cenovus Energy Inc., Chevron Corp., ConocoPhillips, Exxon Mobil Corp., Husky Energy Inc.,
Imperial Oil Ltd., Kosmos Energy Ltd., MEG Energy, Suncor Energy Inc..

America-Refining & Marketing: Calumet Specialty Products Partners, CVR Energy Inc., Delek US Holdings, HollyFrontier Corp., Marathon Petroleum
Corp., Par Pacific Holdings, PBF Energy Inc., Phillips 66, Valero Energy Corp..

Asia Chemicals: China Steel Chemical, Far Eastern New Century Corp., Formosa Chemicals & Fibre, Formosa Petrochemical Corp., Formosa Plastics,
Hanwha Chemical, IRPC PCL, Kumho Petro Chemical Co., LG Chem, Lotte Chemical, Nan Ya Plastics, Petronas Chemicals Group, PTT Global Chemical,
Siam Cement PCL, Taiwan Synthetic Rubber Corp..

Asia Refining: Bangchak Corp PCL, Bharat Petroleum, GS Holdings, Hindustan Petroleum, Indian Qil Corp., Reliance Industries, Reliance Industries
(GDR), S-Oil Corp., SK Innovation, Thai Oil.

Australia-Energy: Beach Energy, Caltex Australia Ltd., Oil Search, Origin Energy, Santos Ltd., Viva Energy Group, Woodside Petroleum.

Australia-Utilities: AGL Energy, APA Group, AusNet Services, Contact Energy, Genesis Energy Ltd., Mercury NZ Ltd., Meridian Energy Ltd., Spark
Infrastructure.

CEEMEA (exMENA) Basic Materials: Alrosa, Erdemir, Evraz Plc, KGHM Polska Miedz SA, Magnitogorsk Steel, Norilsk Nickel, Novolipetsk Steel,
PhosAgro, PJSC Polyus, Polymetal International Plc, Severstal, United Co. Rusal.

CEEMEA Energy: Gazprom, Gazprom Neft, Lukoil, MOL, Motor Qil, Neste OYJ, Novatek, OMV Petrom SA, PKN, Romgaz, Rosneft, Surgutneftegaz,
Surgutneftegaz, Tatneft, Tatneft, Tupras.
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China Energy: China Qilfield Services (H), China Petroleum & Chemical (ADS), China Petroleum & Chemical (H), CNOOC (ADR), CNOOC (H), ENN
Ecological Holdings, INPEX Corp., Offshore Qil Engineering Co., PetroChina (ADR), PetroChina (H), Sinopec Engineering Group, Yantai Jereh QOilfield.

China Gas: China Gas Holdings, China Resources Gas Group, ChinaTian Lun Gas, CLP Holdings, ENN Energy Holdings, Hong Kong & China Gas,
Kunlun Energy Co., Sinopec Kantons, Towngas China Company Ltd..

Europe-Energy:Oil-E&P: Aker BP ASA, Cairn Energy Plc, DNO ASA, Genel Energy, Lundin Petroleum, Tullow Qil Plc.

Europe-Energy:Oil-Integrated: BP Plc, BP Plc, ENI, Equinor, Galp, OMV, Repsol, Royal Dutch Shell Plc, Royal Dutch Shell Plc, Royal Dutch Shell Plc,
Royal Dutch Shell Pic, Total SA.

Europe-Energy:Oil-Services: Aker Solutions ASA, Borr Drilling, CGGVeritas, Golar LNG, Hunting Plc, John Wood Group, Petrofac, Petroleum Geo
Services ASA, Saipem, Subsea 7 SA, Tenaris SA, Tenaris SA, TGS Nopec, Vallourec.

India/ASEAN Qil & Gas: First Resources, Gas Authority of India, Golden Agri-Resources Ltd., Gujarat State Petronet, Indraprastha Gas Ltd., Oil &
Natural Gas Corp., Oil India, Perusahaan Gas, Petronet LNG, PTT Exploration and Production PCL, PTT Public Co., Wilmar International.

Latin America-Airlines: Azul SA, Azul SA, Copa Holdings, GOL Linhas Aereas Inteligentes SA, GOL Linhas Aereas Inteligentes SA, LATAM Airlines
Group, LATAM Airlines Group, Volaris, Volaris.

Latin America-Construction: Cemex, Cemex SAB.
Latin America-Diversified Industrials: Localiza Rent a Car SA, Weg SA.
Latin America-Energy: BR Distribuidora, Cosan Ltd., Cosan SA, Petrobras, Petrobras, Petrobras, Petrobras, Ultrapar, Ultrapar.

Latin America-Infrastructure: Corporacion America Airports S.A., Grupo Aeroportuario del Centro Norte, Grupo Aeroportuario del Centro Norte, Grupo
Aeroportuario del Pacifico, Grupo Aeroportuario del Pacifico, Grupo Aeroportuario del Sureste, Grupo Aeroportuario del Sureste, Grupo CCR, Grupo
Ecorodovias, Pinfra, Rumo SA.

Distribution of ratings/investment banking relationships
Goldman Sachs Investment Research global Equity coverage universe

Rating Distribution Investment Banking Relationships
Buy Hold Sell Buy Hold Sell
Global 43% 42% 15% 64% 56 % 50%

As of October 1, 2019, Goldman Sachs Global Investment Research had investment ratings on 2,987 equity securities. Goldman Sachs assigns stocks
as Buys and Sells on various regional Investment Lists; stocks not so assigned are deemed Neutral. Such assignments equate to Buy, Hold and Sell for
the purposes of the above disclosure required by the FINRA Rules. See ‘Ratings, Coverage groups and related definitions’ below. The Investment
Banking Relationships chart reflects the percentage of subject companies within each rating category for whom Goldman Sachs has provided
investment banking services within the previous twelve months.

Regulatory disclosures

Disclosures required by United States laws and regulations

See company-specific regulatory disclosures above for any of the following disclosures required as to companies referred to in this report: manager or
co-manager in a pending transaction; 1% or other ownership; compensation for certain services; types of client relationships; managed/co-managed
public offerings in prior periods; directorships; for equity securities, market making and/or specialist role. Goldman Sachs trades or may trade as a
principal in debt securities (or in related derivatives) of issuers discussed in this report.

The following are additional required disclosures: Ownership and material conflicts of interest: Goldman Sachs policy prohibits its analysts,
professionals reporting to analysts and members of their households from owning securities of any company in the analyst's area of coverage.
Analyst compensation: Analysts are paid in part based on the profitability of Goldman Sachs, which includes investment banking revenues. Analyst
as officer or director: Goldman Sachs policy generally prohibits its analysts, persons reporting to analysts or members of their households from
serving as an officer, director or advisor of any company in the analyst's area of coverage. Non-U.S. Analysts: Non-U.S. analysts may not be
associated persons of Goldman Sachs & Co. LLC and therefore may not be subject to FINRA Rule 2241 or FINRA Rule 2242 restrictions on
communications with subject company, public appearances and trading securities held by the analysts.

Distribution of ratings: See the distribution of ratings disclosure above. Price chart: See the price chart, with changes of ratings and price targets in
prior periods, above, or, if electronic format or if with respect to multiple companies which are the subject of this report, on the Goldman Sachs
website at https://www.gs.com/research/hedge.html.

Additional disclosures required under the laws and regulations of jurisdictions other than the United States

The following disclosures are those required by the jurisdiction indicated, except to the extent already made above pursuant to United States laws and
regulations. Australia: Goldman Sachs Australia Pty Ltd and its affiliates are not authorised deposit-taking institutions (as that term is defined in the
Banking Act 1959 (Cth)) in Australia and do not provide banking services, nor carry on a banking business, in Australia. This research, and any access to
it, is intended only for “wholesale clients” within the meaning of the Australian Corporations Act, unless otherwise agreed by Goldman Sachs. In
producing research reports, members of the Global Investment Research Division of Goldman Sachs Australia may attend site visits and other
meetings hosted by the companies and other entities which are the subject of its research reports. In some instances the costs of such site visits or
meetings may be met in part or in whole by the issuers concerned if Goldman Sachs Australia considers it is appropriate and reasonable in the specific
circumstances relating to the site visit or meeting. To the extent that the contents of this document contains any financial product advice, it is general
advice only and has been prepared by Goldman Sachs without taking into account a client’s objectives, financial situation or needs. A client should,
before acting on any such advice, consider the appropriateness of the advice having regard to the client’'s own objectives, financial situation and needs.
A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests and a copy of Goldman Sachs’ Australian Sell-Side Research
Independence Policy Statement are available at: https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html. Brazil: Disclosure
information in relation to CVM Instruction 598 is available at https://www.gs.com/worldwide/brazil/area/gir/index.html. Where applicable, the
Brazil-registered analyst primarily responsible for the content of this research report, as defined in Article 20 of CVM Instruction 598, is the first author
named at the beginning of this report, unless indicated otherwise at the end of the text. Canada: Goldman Sachs Canada Inc. is an affiliate of The
Goldman Sachs Group Inc. and therefore is included in the company specific disclosures relating to Goldman Sachs (as defined above). Goldman Sachs
Canada Inc. has approved of, and agreed to take responsibility for, this research report in Canada if and to the extent that Goldman Sachs Canada Inc.
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disseminates this research report to its 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 to 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 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 technical
arrangements for objective presentation of investment recommendations or other information recommending or suggesting an investment strategy
and for disclosure of particular interests or indications of conflicts of interest is available 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 Association.
Sales and purchase of equities are subject to commission pre-determined with clients plus consumption tax. See company-specific disclosures as to
any applicable disclosures required by Japanese stock exchanges, the Japanese Securities Dealers Association or the Japanese Securities Finance
Company.

Ratings, coverage groups and related definitions

Buy (B), Neutral (N), Sell (S) -Analysts recommend stocks as Buys or Sells for inclusion on various regional Investment Lists. Being assigned a Buy or
Sell on an Investment List is determined by a stock’s total return potential relative to its coverage. Any stock not assigned as a Buy or a Sell on an
Investment List with an active rating (i.e., a stock that is not Rating Suspended, Not Rated, Coverage Suspended or Not Covered), is deemed Neutral.
Each region’s Investment Review Committee manages Regional Conviction lists, which represent investment recommendations focused on the size of
the total return potential and/or the likelihood of the realization of the return across their respective areas of coverage. The addition or removal of
stocks from such Conviction lists do not represent a change in the analysts' investment rating for such stocks.

Total return potential represents the upside or downside differential between the current share price and the price target, including all paid or
anticipated dividends, expected during the time horizon associated with the price target. Price targets are required for all covered stocks. The total
return potential, price target and associated time horizon are stated in each report adding or reiterating an Investment List membership.

Coverage groups: A list of all stocks in each coverage group is available by primary analyst, stock and coverage group at
https://www.gs.com/research/hedge.html.

Not Rated (NR). The investment rating and target price have been removed pursuant to Goldman Sachs policy when Goldman Sachs is acting in an
advisory capacity in a merger or strategic transaction involving this company and in certain other circumstances. Rating Suspended (RS). Goldman
Sachs Research has suspended the investment rating and price target for this stock, because there is not a sufficient fundamental basis for
determining, or there are legal, regulatory or policy constraints around publishing, an investment rating or target. The previous investment rating and
price target, if any, are no longer in effect for this stock and should not be relied upon. Coverage Suspended (CS). Goldman Sachs has suspended
coverage of this company. Not Covered (NC). Goldman Sachs does not cover this company. Not Available or Not Applicable (NA). The information
is not available for display or is not applicable. Not Meaningful (NM). The information is not meaningful and is therefore excluded.

Global product; distributing entities

The Global Investment Research Division of Goldman Sachs produces and distributes research products for clients of Goldman Sachs on a global basis.
Analysts based in Goldman Sachs offices around the world produce research on industries and companies, and research on macroeconomics,
currencies, commodities and portfolio strategy. This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in
Brazil by Goldman Sachs do Brasil Corretora de Titulos e Valores Mobilidrios S.A.; Ombudsman Goldman Sachs Brazil: 0800 727 5764 and / or
ouvidoriagoldmansachs@gs.com. Available Weekdays (except holidays), from 9am to 6pm. Ouvidoria Goldman Sachs Brasil: 0800 727 5764 e/ou
ouvidoriagoldmansachs@gs.com. Horério de funcionamento: segunda-feira a sexta-feira (exceto feriados), das 9h as 18h; in Canada by either Goldman
Sachs Canada Inc. or Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman 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
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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.

The analysts named in this report may have from time to time discussed with our clients, including Goldman Sachs salespersons and traders, or may
discuss in this report, trading strategies that reference catalysts or events that may have a near-term impact on the market price of the equity securities
discussed in this report, which impact may be directionally counter to the analyst's published price target expectations for such stocks. Any such
trading strategies are distinct from and do not affect the analyst's fundamental equity rating for such stocks, which rating reflects a stock’s return
potential relative to its coverage group as described herein.

We and our affiliates, officers, directors, and employees, excluding equity and credit analysts, 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.

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 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/characterrisks.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 entitled to receive such reports.

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

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.

© 2019 Goldman Sachs.

No part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed without the prior written
consent of The Goldman Sachs Group, Inc.
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