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USD28trn of fossil-fuel revenues at risk in a 450-ppm world
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A 450-ppm world would threaten high-cost, high-carbon revenues
Under a global climate deal consistent with a 2°C world, we estimate that the
fossil-fuel industry would stand to lose USD28trn (in constant 2012 US
dollars) of gross revenues over the next two decades, compared with
business as usual. We derive this number by comparing the IEA’s base-case
scenario for global energy trends out to 2035 and its scenario consistent with
a 2°C world. The oil industry accounts for USD19.3trn of this, gas USD4trn,
and coal USD4.9trn. The revenues most at risk would be concentrated in the
high-cost, high-carbon sources of production. For the oil industry, this means,
above all, deepwater, oil-sands, and shale-oil plays.

But business as usual also has big risks for fossil-fuel companies
The oil industry’s increasingly unsustainable dynamics - as manifested, for
example, by ongoing capex reductions amid record-high oil prices - mean
that stranded-asset risk exists even under business-as-usual conditions: high
oil prices will encourage the shift away from oil towards renewables (whose
costs are falling) while also incentivising greater energy efficiency.

Engagement now key for stress-testing climate scenarios

Ongoing negotiations in preparation for COP-21 next year are only likely to
increase the pressure for greater transparency on carbon risk. Against this
backdrop, we think investors need more details on the breakdown of oil
companies’ assets by project type and on their capital-allocation processes in
order to be able to better assess carbon risk and cost/revenue risk. We see an
opportunity for the oil industry to engage in a transparent dialogue with
investors on the carbon risks it faces and thus provide a transparent stress
test of its business model against potential future climate-policy scenarios.
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Fossilised revenues - an overview

We see USD28trn of fossil-fuel revenues at risk in a 450-ppm world

In a carbon-constrained world consistent with the policy goal of limiting greenhouse-gas
(GHG,) concentrations in the atmosphere to 450ppm of CO2-equivalent (CO2e) and hence
restricting the increase in the average global temperature to no more than 2°C above pre-
industrial levels, we estimate that the fossil-fuel industry would stand to lose c. USD28trn
(in constant 2012 USD) of gross revenues over the next two decades relative to the current
trajectory. We derive this number by comparing the IEA’s base-case scenario for global
energy trends out to 2035 (known as the New Policies Scenario, or NPS) with its 450-
Scenario (its scenario consistent with a 2°C world).

Under the IEA’s 450-Scenario (450S), both the demand for and the prices of fossil fuels
would fall as policies were put in place to restrict CO2 emissions from energy, which
diverge sharply under the two scenarios. By 2035, energy emissions under the 450S are
15Gt lower than under the NPS (22Gt and 37Gt respectively), and this gives rise to a
cumulative difference over the next two decades of 156Gt. The measures required to
achieve these emission reductions under the IEA’s modelling include both carbon pricing
and mandated measures and standards (particularly with regard to energy efficiency), with
the 450S positing higher and more widespread carbon pricing across the world than the
NPS.

In terms of the volume impact of these policy measures relative to the NPS, we estimate
that cumulative demand for fossil fuels over the next two decades under the 450S would be
lower by 45,000m tonnes of oil equivalent (mtoe) - which equates to four years of fossil-
fuel demand at the 2011 rate of consumption - with coal accounting for c. 50% of this
difference, oil c. 30%, and gas c. 20%. Cumulative oil demand (crude oil plus natural-gas
liquids) over 2012-35 under the 450S is lower by 94bn barrels (bbls) than under the NPS,
cumulative gas demand by 10.6trn cubic metres (tcm), and cumulative coal demand by
31bn tonnes of coal equivalent (tce).

In terms of the price impact of these measures, prices would be lower for all fossil-fuels
under the 450S than under the NPS. Under the 450S the IEA sees oil prices averaging
USD109/bbl (in constant 2012 USD) out to 2035 compared with USD120/bbl under the
NPS, and coal USD87/tonne under the 450S versus USD 105/tonne under the NPS. For gas,
the picture is more complicated, as prices vary greatly across the world, but in all regions
prices are on average lower under the 450S than under the NPS (by 9% in North America,
13% in Europe, and 10% in Japan).

The net impact of these volume and price effects under the 450S would be to reduce the
revenues of the oil industry by USD19.3trn over the IEA’s projected timeframe of 2013-35,
those of the gas industry by USD4trn, and those of the coal industry by USD4.9trn (all in
constant 2012 USD).
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Climate politics very tough, but carbon-scenario analysis a useful risk tool
The IEA’s 4508S is primarily intended to help policymakers make informed choices to put
the global energy system on a sustainable pathway consistent with what the climate
science says is both necessary and possible if the world is to stand a chance of mitigating
the worst impacts of climate change.

In this respect, the third instalment of the Fifth Assessment Report of the

Intergovernmental Panel on Climate Change published earlier this month is a timely
reminder of why the IEA’s modelling of the 450S is so important.

At the same time, though, the usefulness of the IEA’s modelling extends far beyond the
insights it provides for policymakers, and we think that comparing the very different
outcomes for the fossil-fuel industry under the NPS and the 450S can also help investors.
Specifically, we think that this kind of comparative scenario analysis can help investors
reach a clearer understanding of the magnitude of the risks that fossil-fuel companies face
in a world where the threat of a much more carbon-constrained policy framework is one
only likely to increase in the future.

This is not to say that we assume the ongoing climate negotiations through the United
Nations Framework Convention on Climate Change (UNFCCC) will result in a global policy
deal at the 21" meeting of the Conference of the Parties (COP-21) in Paris in December
2015 consistent with a 450-ppm world. On the contrary, we think the political obstacles to
be overcome are extremely formidable, and that a deal of such ambition is very unlikely
within such a short timeframe.

Rather, it is simply to argue that the fossil-fuel industry can no longer afford to ignore the
issue of carbon risk, and that a transparent stress-testing of its business model against the
risk of a 450-ppm world would be the best way of kick-starting a dialogue with investors
and other stakeholders over a meaningful risk-mitigation process. This is because a
transparent stress test of this kind would reveal where the biggest risks lie in fossil fuel
companies’ portfolios, and would therefore begin an engagement process with
shareholders and other stakeholders over how these risks should be managed in the future
as climate policies continue to evolve at the national, regional, and global level.

ExxonMobil’s recent carbon-risk report was a missed opportunity

In response to recent pressure from shareholders and NGOs, ExxonMobil published a
report on 31 March explaining how it evaluates the carbon risk in its portfolio (the report is
entitled Energy and carbon - managing the risks). We think Exxon’s report was: 1) too

dismissive of the risk of a co-ordinated global policy response ever happening; and 2) far
too binary in its assessment of the climate-policy risks the oil industry faces.

On the first of these points, we have already acknowledged that a 450-ppm deal by
December 2015 does not look at all likely, but the point about global climate policy is as
much the direction of travel as the speed, and in effectively dismissing the likelihood of
policymakers ever getting genuinely serious in terms of policy ambition, we think
ExxonMobil is giving itself a free pass in terms of the need to at least contemplate what a
450-ppm world would mean. Just because it is highly unlikely to happen at COP-21 in Paris
next year does not mean that a much more carbon-constrained policy framework will never
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be implemented. Viewed in this way, stress-testing for a much more carbon-constrained
world within, say, a ten-year timeframe, would simply be sensible risk assessment.

On the second point, we think ExxonMobil’s report was too binary because carbon risks
relate not only to a potential global climate deal, but also to regional and national climate
policy. In other words, whether a global policy framework consistent with a 450-Scenario is
ultimately put in place or not, there is always also the risk of tighter legislation that could
lead to stranded assets in certain markets.

A good example of such a risk at the moment relates to the ongoing debate over the
Keystone XL (KXL) pipeline between Canada and the US. If President Obama ultimately
decides to veto KXL, this could create stranded assets in the oil-sands plays both for
ExxonMobil and other oil companies.

Indirectly, one could argue that the momentum building among institutional investors to
screen for carbon risk (as exemplified by the recent pressure applied to ExxonMobil by
Arjuna Capital and As You Sow via the shareholder resolution they filed and then withdrew
in exchange for Exxon’s agreeing to publish a report on the carbon risks it faces) is itself a
form of climate-policy risk for fossil-fuel companies. After all, if investors were to start
shunning those fossil-fuel companies perceived to be at greatest risk from a more carbon-
constrained world, then over time those companies would likely face much greater
difficulty financing their operations.

In short, had ExxonMobil published a report looking at a nuanced range of carbon risk to its
project portfolio encompassing both extremes of the spectrum - the 450-ppm end on the
one hand, and the business-as-usual (BAU) end on the other with an analysis of the
potential options in between - this would already have entailed a higher degree of
disclosure regarding future revenues potentially at risk and thus have taken the debate
over the carbon risk facing fossil-fuel companies to a new level. Instead, Exxon Mobil chose
to focus almost exclusively on the business-as-usual case, and in this way did not advance
the debate at all.

Revenuerrisk for oil industry focused on deepwater, oil sands, and shale oil
In our view, the key point about the revenues under threat for the fossil-fuel industry under
a 450-ppm framework is that the risks would be concentrated on the marginal producers,
i.e. on the companies at the high end of the respective industry cost curves. For the oil
industry, the high-cost, high-carbon sources of production - comprising deep and ultra-
deepwater plays, Canadian oil-sands projects, and the shale plays in the US - are
dominated by the international majors and independent private companies. Indeed, the
data given by the IEA suggests that over 70% of current output from these sources is in the
hands of the international majors or private independents. This amounts to some 6.1mbd
(2.23bn barrels a year) of unconventional production out of total current unconventional
production of 8.4mbd (3.07bn barrels a year).

Given that 9.2m barrels per day (3.34bn barrels per year) of crude oil burned under the
NPS would be unburnable under the 450S, then on the face of it from a straightforward
economic point of view, all of this 8.4mbd of unconventional production would be the first
to be shut in under a 450-ppm policy framework.

5 keplercheuvreux.com
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The key question, though, relates to timing.

Inits 2013 World Energy Outlook (WEQ), the IEA argues that reserves that are already being
produced from existing oil fields “will produce without additional investment and, because the
rate of natural decline exceeds any conceivable rate of demand drop due to climate policies, this
category [of oil production] is unlikely to be stranded” (2013 WEOQ: p.436).

In other words, the IEA is saying that all existing production would probably be safe from
being shut in even under a 450S because existing production would exhaust itself both well
within the carbon budget assumed for oil under the 450S and well before alternative
sources of production could displace it. The production at risk of being shut in under a 450-
ppm framework would therefore relate to reserves that are already proven but that are yet
to be developed.

And in our view, the proven reserves most at risk of having their future production shut in
under a 450-ppm framework over the second half of the forecast period would be the high-
cost, high-carbon unconventional plays that are yet to be developed.

However, under the IEA’s modelling unconventional output increases over the forecast
period even under the 450S, while production from conventional crude oil declines sharply:
by 2035, unconventional production under the 450S is 11.3mbd compared with 5mbd in
2012, while conventional crude output is 27% lower in 2035 than in 2012 (51mbd and
69mbd respectively).

We find this counter-intuitive, as if and when global climate policy were to tighten
significantly over time, we think this would start to squeeze out the high-cost, high-carbon
sources first. In particular, we think that OPEC countries sitting on lower-cost, lower-
carbon reserves would likely want to optimize their output in a 450-ppm world. Allowing
for the time needed to upgrade infrastructure to enable higher levels of production, we
think this would mean higher levels of lower-cost conventional output over 2025-35 than
the [EA is assuming under its 450S.

Economics of high-cost, high-carbon plays exposes them to stranding risk

The idea of unburnable carbon as developed by the Carbon Tracker Initiative (CTI) in its
2011 and 2013 reports on this topic has put the question of stranded-asset risk at the
centre of debate for energy investors." Since lost revenues ultimately translate into lost
earnings and hence lost value, this would suggest to us that it is the undeveloped
deepwater, oil-sands, and LTO assets, which, based on the ownership of existing production
from such sources, would be predominantly owned by the majors and private independents
- that would be most at risk of stranding under a far-reaching global climate settlement.

Moreover, even if the political will to address climate change in a genuinely meaningful way
were not forthcoming within the next decade, we would still see a risk of stranded assets to
the oil industry under BAU conditions, namely from rising prices brought on by constrained

supply.

! See the reports by Carbon Tracker Unburnable Carbon: Are the World’s Financial Markets Carrying a Carbon Bubble?
(2011), and Unburnable Carbon 2013: Waste Capital and Stranded Assets (2013).
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Business as usual brings its own risks for fossil-fuel companies

For many other reasons in addition to climate change - for example, increasing costs and
capital intensity, increasing reliance on NGLs in the face of stalling crude-oil production
since 2005, declining exports of crude oil globally since 2005 as OPEC consumes more and
more of its own production, and the ever-present but recently heightened geo-political
risks - the oil industry’s current dynamics look unsustainable to us. Given all these
challenges, it seems reasonable to suggest that there could be significant upside risk to the
IEA’s base-case scenario for oil prices over the next two decades as set out in its NPS.

Meanwhile, in stark contrast to the observed long-term trend in the oil industry, the
renewable-energy industry has achieved tremendous cost reductions in recent years, and
we think this trend is likely to continue over the next two decades.

Other things being equal, the steeper the upward trajectory for oil costs and prices into the
future, the greater the incentive will be to accelerate the deployment of renewable-energy
technologies and to achieve greater energy-efficiency savings.

This suggests, perhaps paradoxically, that there could be a real risk to the oil industry from
rising oil prices under a BAU scenario, as combined with continuing reductions in the costs
of renewable technologies this could drive the accelerated substitution of oil in the global
energy mix over the next two decades. In turn, this would risk creating stranded assets over
the medium to longer term both for the oil industry itself and - owing to the central role of
oil in energy pricing more generally - for the global fossil-fuel industry as a whole.

The implications of such a scenario would be momentous, as it would mean that the oil
industry potentially faces the risk of stranded assets not only under a scenario of falling oil
prices brought about by the structurally lower demand entailed by a future tightening of
climate policy, but also under a scenario of rising oil prices brought about by rising demand
under increasingly constrained supply conditions.

We will have more to say on all of this in a forthcoming report. For now, it is enough to note
that in its recent report ExxonMobil also missed the opportunity to engage on whether the
respective cost dynamics of the oil and renewable-energy industries might lead to much
greater substitution of oil by renewables over the next two decades than it is currently
assuming.

Engaging the majors on stranded-asset risk

In our view, ExxonMobil’s missed opportunity creates a chance for other oil companies to
address these risks in a more comprehensive manner and thus gain industry leadership in
this area. In this respect we would highlight the following points as the ones oil companies
should be engaging on with their investors and other stakeholders.

First, our analysis in this report leads us to conclude that a detailed breakdown of assets by
project type (especially those in the high-cost bracket such as deepwater, oil sands, and
light-tight oil) would be an essential first step to giving investors greater clarity both on the
carbon risk and the cost risk. This would usefully include both the level of current and
targeted production from such assets, and the amount of capital already invested in and
future investment earmarked for such projects.
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Second, companies should be explaining their capital-allocation processes for new projects
in greater detail: how are different opportunities benchmarked against one another? How
do hurdle rates vary across project types? And how sensitive are internal carbon-price
assumptions to different projects, different regions, and different timeframes?

Third, if oil companies are investing in renewable-energy projects, how do their
assumptions on all the variables just listed compare with those they use for new oil and gas
projects?

There are many other questions that arise out of this subject area, of course, and we will be
expanding upon these and other points in our next report. In conclusion here we would
simply say that the companies that understand that a new age of engagement on carbon
and stranded-asset risk has already begun are the ones that stand to benefit in terms of
investor perception and market reputation.

8 keplercheuvreux.com
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Overview of NPS and 450S

The IEA’s 2013 World Energy Outlook (2013 WEQ) published last November updated its
three scenarios for global energy-market trends out to 2035. These scenarios are:

e The New Policies Scenario (NPS): This is the IEA’s base-case scenario for global
energy trends out to 2035. The NPS models “the evolution of energy markets
based on the continuation of existing policies and measures as well as cautious
implementation of policies that have been announced by governments that are yet
to come into effect” (2013 WEQO: p. 33);

e The 450-Scenario (450): This models the energy path consistent with a global
policy framework aimed at restricting GHG-emissions to 450pmm of CO2e. As
such it is the IEA’s projection of the energy trends needed to put the world on
track “to have a 50% chance of keeping to 2°C “the long-term increase in average
global temperature” (2013 WEO: p. 33);

e The Current Policies Scenario (CPS): This is the business-as-usual scenario, as
it “takes account only of policies already enacted as of mid-2013” (2013 WEO: p.
33) and hence assumes no further tightening of energy or climate policies over
the next two decades. The CPS is not directly relevant to our argument in this
report, and beyond the brief comparison of all three scenarios immediately
below we do not consider it further in this report.

Chart 1 overleaf shows the IEA’s modelling of energy demand under these three scenarios
and the emissions associated with each one, and Chart 2 shows the change in the energy
mix under each scenario.

Chart 1: Global demand and emissions by scenario Chart 2: Change in global demand by fuel and scenario
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Source: IEA, 2013 World Energy Outlook (© OECD/IEA) Source: IEA, 2013 World Energy Outlook (© OECD/IEA)

Global primary energy demand stood at 13,070m tonnes of oil equivalent (mtoe) in 2011,
and as can be seen from Chart 1, it rises out to 2035 under all three IEA scenarios.
However, the rate of growth in demand is much lower under the 450S (14%) than both the
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NPS (33%) and the CPS (43%), and the composition of demand is also very different (Chart
2). Under the NPS and the CPS the demand for all fossil fuels continues to rise over the next
two decades, while under the 450S the demand for both coal and oil declines, with gas the
only fossil fuel to see an increase.

As a result of these differing demand-growth and demand-composition profiles, emissions
vary greatly under the NPS and the 450S. GlobalCO2 emissions from energy stood at
31.2Gt in 2011, and as Chart 1 shows the 450S is the only one under which energy-related
emissions fall over the period. Since emissions have to start falling sharply over the next
two decades if the world is to stand a chance of limiting the increase in the average global
temperature to 2°C, this means that the emissions profile of the trajectory the world is
currently on under the NPS is unsustainable.

Current energy emissions unsustainable in a 450-ppm world

Tables 1 and 2 summarise the projected evolution of global energy demand and emissions
out to 2035 under the NPS and the 450S respectively. Under the NPS, global primary-
energy demand increases by 33% by 2035 versus 2011 (to 17,386mtoe from 13,069mtoe),
with the demand for fossil-fuel energy rising by 24% (to 13,208mtoe from 10,668mtoe).
Output from renewable-energy sources grows by 77% and covers 24% of global demand by
2035 compared with 18% in 2011.

Table 1: Global primary energy demand (mtoe) and CO2 emissions (Gt) under the IEA’s NPS

NPS Change by 2035 versus 2011

1990 2011 2020 2035 (mtoe) %
Qil 3,664 4,108 4,470 4,661 655 13.5%
Gas 2,073 2,787 3,273 4,119 2,540 47.8%
Coal 2,357 3,773 4,202 4428 445 17.4%
Fossil fuels 8,094 10,668 11,945 13,208 201 23.8%
Nuclear 676 674 886 1119 547 66.0%
Hydro 225 300 392 501 584 67.0%
Bio-energy 1,016 1,300 1,493 1,847 1,332 42.1%
Other renewables 60 127 309 711 4,317 459.8%
Renewables 1,301 1,727 2,194 3,059 1,332 77.1%
WORLD (mtoe) 10,071 13,069 15,025 17,386 655 33.0%
CO2 emissions (Gt) 23.7 31.2 34.6 37.2 6 19.2%

Source: IEA, 2013 WEO (© OECD/IEA)

Under the 450S, global demand increases by a much lower 14% (to 14,907mtoe from
13,069mtoe), with the demand for fossil fuels falling by 24% (to 9,467mtoe from
10,668mtoe). Renewable energy doubles its share of demand from 18% in 2011 to 36% in
2035.
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Table 2: Global primary energy demand (mtoe) and CO2 emissions (Gt) under the IEA’s 4505

4508 Change by 2035 versus 2011

1990 2011 2020 2035 2020 2035
Qil 3,664 4,108 4264 3,577 -531 -12.9%
Gas 2,073 2,787 3,148 3,357 570 20.5%
Coal 2,357 3,773 3,715 2,533 -1,240 -32.9%
Fossil fuels 8,094 10,668 11,127 9,467 -1,201 -11.3%
Nuclear 676 674 924 1,521 847 125.7%
Hydro 225 300 401 550 250 83.3%
Bio-energy 1,016 1,300 1,522 2,205 905 69.6%
Other renewables 60 127 342 1,164 1037 816.5%
Renewables 1,301 1,727 2,265 3,919 2,192 126.9%
WORLD (mtoe) 10,071 13,069 14,316 14,907 1,838 14.1%
CO2 emissions (Gt) 23.7 31.2 31.7 21.6 -9.6 -30.8%

Source: [EA, 2013 WEO (© OECD/IEA)

Looking at the cumulative impact over the entire 2012-35 period, we estimate that relative
to the NPS demand for fossil fuels under the 450S would be lower by 45,000mtoe -
equivalent to four years of fossil-fuel demand at the 2011 rate of consumption - with coal
accounting for c. 50% of this difference, oil c. 30%, and gas c. 20%. Cumulative oil demand
(crude oil plus natural-gas liquids) over 2012-35 under the 450S is lower by 94bn barrels
(bbls) than under the NPS, cumulative gas demand lower by 10.6trn cubic metres (tcm), and
cumulative coal demand lower by 31bn tonnes of coal equivalent (tce).

As can be seen by comparing Tables 1 and 2, CO2 emissions from energy diverge sharply
under the two scenarios from 2020 onwards, such that by 2035 energy emissions under
the NPS are 15Gt higher than under the 450-Scenario (37Gt and 22Gt respectively). Chart
3 shows the cumulative difference in emissions between the two scenarios. Under the NPS,
cumulative CO2 emissions out to 2035 are 156Gt higher than they need to be to give the
world a reasonable change of restricting the average global temperature increase to 2°C.

Chart 3: World energy-related CO2 emissions by scenario

MNew Policies Scenario

g 156 Gt

20

15, T T T T

19390 19495 2000 2005 2010 2015 2020 2025 2030 2035

Source: IEA, Re-drawing the Energy-Climate Map, 2013 (© OECD/IEA)

This stark difference between the two scenarios in terms of global fossil-fuel demand and
CO2 emissions reflects the much tougher policy framework assumed under the 450S.
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Closing the gap: the policy framework under the 450S

This massive reduction in global fossil-fuel demand and CO2 emissions over the next two
decades modelled by the IEA under its 450S pre-supposes a radically more carbon-
constrained policy framework than under the NPS.

450S versus NPS: closing the emissions gap

As can be seen by comparing Tables 1 and 2 below, a major driver of the shift away from
fossil fuels under the 450-Scenario is the introduction of higher and more widespread
carbon pricing across the world than under the NPS.

Table 1 shows the IEA’s assumptions for carbon pricing globally under the NPS. Prices
reach USD40/t by 2035 in the EU, Australia, New Zealand, and Korea, and USD30/t in
China and South Africa, but there is no carbon pricing in either the United States or
Canada, even by 2035.

Table 3: CO2 prices under the NPS (in 2012 USD per tonne)

Region Sectors 2020 2030 2035
European Union Power, industry, aviation 20 33 40
Australia & New Zealand All* 20 33 40
Korea Power and industry 20 33 40
China All 10 24 30
South Africa Power and industry 8 15 20

Source: IEA, 2013 WEO (© OECD/IEA); *Agriculture is not assumed to be covered in New Zealand

Under the 450S by contrast, the IEA projects that carbon prices of USD20-35/tonne in real
terms (i.e. constant 2012 USD) would be necessary by 2020 across the entire developed
world (including the US and Canada), USD95/tonne by 2030, and USD125/t by 2035.
Indeed, the 450S assumes that even China, Russia, Brazil, and South Africa will be pricing
CO2 emissions at a rate of USD100/t by 2035.

Table 4: CO2 prices under the 450S (in 2012 USD per tonne)

Region Sectors 2020 2030 2035
United States & Canada Power and industry 20 95 125
European Union Power, industry, aviation 35 95 125
Japan Power and industry 20 95 125
Korea Power and industry 35 95 125
Australia & New Zealand All 35 95 125
China™*, Russia, Brazil, and South Africa Power and industry 10 70 100

Source: IEA, 2013 WEO (© OECD/IEA); *All sectors are assumed to be covered in China

In addition to higher and more widespread carbon pricing, the 450S envisages a number of
more specific policies tailored for different parts of the global energy system. These
measures complement and/or reinforce the carbon-pricing overlay that pervades the
global energy system under the 450S. Half of the emissions reductions under the 450S are
achieved via what the IEA calls its “4-for-2°C” scenario, and the remaining 50% via the
much greater deployment of low-carbon technologies, especially in power generation
(Chart 4).
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Chart 4: World energy-related CO2 emissions by scenario
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As shown in Chart 5, the 4-for-2°C scenario focuses on four main measures, namely 1) a
much greater focus on mandated energy-efficiency measures (responsible for 49% of the
savings under the 4-for2°C), 2) restricting the construction of new, low-efficiency coal
plants (21%), 3) minimizing methane emissions from the upstream oil-and-gas industry
(18%), and 4) partially phasing out fossil-fuel subsidies in both net-importing and net-
exporting countries (12%). As can be seen, energy-efficiency measures are the most
important in terms of the emissions reductions achieved. The IEA states that c. 60% of the
total emissions-reductions achieved under the 4-for2°C scenario come from lower coal

Source: |[EA, Re-drawing the Energy-Climate Map, 2013 (© OECD/IEA)

use, 25% from oil, and 17% from gas.
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Beyond these specific and largely mandated measures, a large part of the remaining 50% of
reductions envisaged under the 450S comes from much greater deployment of low-carbon
technologies in the power-generation industry, including renewables, nuclear, but also
carbon-capture and storage (CCS).

Overall, aggregating all of the emissions savings achieved under the 450S relative to the
NPS, we estimate that reduced demand for coal accounts for c. 70% of total CO2 savings
from energy over the period, for oil c. 17%, and for gas c. 13%.

A daunting policy challenge, but what if ...?

The 450S is primarily meant to inform policymakers in the run-up to the global climate
negotiations in 2015, and in this respect, it offers them a hard-headed and practical path to
achieving sustained long-term reductions in global CO2 emissions. However, modelling a
pathway and achieving a deal in global climate negotiations are two very different things,
and in reality we think it will be extremely challenging to arrive at a deal in 2015 consistent
with the measures outlined in the 450S.

However, this does not mean that fossil-fuel companies can carry on with business as usual
without having to concern themselves with the implications of a 450-ppm pathway for
their business models. On the contrary, we think fossil-fuel companies should be asking
themselves the following question: what if a 450S or something like it were at some point
to be implemented?
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The revenues at risk in a 450-ppm world

The lower demand for fossil fuels under the 450S, together with higher and more
widespread CO2 pricing, implies not only lower emissions compared with the NPS, but also
lower fossil-fuel prices.

450S versus NPS: implications for fossil-fuel prices

Under the 4508, oil prices average USD109/bbl (in constant 2012 USD) out to 2035 versus
USD120/bbl under the NPS, and coal USD87/tonne under the 450S versus USD105/tonne
under the NPS. Gas prices are on average 9% lower under the 450S in North America, 13%
lower in Europe, and 10% lower in Japan.

Fossil-fuel prices under the NPS continue to rise in real terms out to 2035

Table 5 shows the IEA’s projections for fossil-fuel prices in real terms (constant 2012 USD)
out to 2035 under the NPS. Given the rising demand for all fossil fuels over the period, and
hence the need for the marginal unit supplied to come from ever higher up the respective
industry’s cost curve, the prices for all fuels are projected to rise over the next two decades.

Table 5: Fossil-fuel import prices under the NPS in real terms (constant 2012 USD per unit)

Fuel Unit 2012 2035 2035 versus 2012
Qil bbl 109 128 17.4%
Natural Gas

us mmbtu 2.7 6.8 152%
Europe mmbtu 11.7 12.7 8.5%
Japan mmbtu 16.9 14.9 -11.8%
Steam coal tonne 99 110 11.1%

Source: IEA, 2013 WEO (© OECD/IEA)

Oil prices are projected to rise by 17% in real terms over the period, reaching USD128/bbl
in 2035 compared with USD109/bbl in 2012. Gas prices, which unlike those for oil and coal
vary greatly by region, are assumed to rise by 152% in the US, and by 9% in the EU, but to
fall by 12% in Japan as the Asian market benefits from increasing supplies of LNG from the
Middle East, Australia, and North America. Coal prices rise by a modest 11%, reaching
USD110/bbl in 2035 versus USD99/bbl in 2012.

Fossil-fuel prices under the 450S are lower in real terms by 2035

Table 6 shows the projections for fossil-fuel prices in real terms (constant 2012 USD) out to
2035 under the 405S. Given the falling demand for oil and coal over the period, and the
lower demand for gas than under the NPS, the prices for all fuels are projected to fall over
the next two decades, except for gas prices in the US (these rise more modestly than under
the NPS and despite falling prices in the EU and Japan are still lower than in both of these
regions by 2035, albeit by a narrower margin).
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Table 6: Fossil-fuel import prices under the 450S in real terms (constant 2012 USD per unit)

Fuel Unit 2012 2035 2035
Qil bbl 109 100 -8.3%
Natural Gas

us mmbtu 2.7 5.9 118.5%
Europe mmbtu 11.7 9.5 -18.8%
Japan mmbtu 16.9 11.7 -30.8%
Steam coal tonne 99 75 -24.2%

Source: IEA, 2013 WEO (© OECD/IEA)

Qil prices are assumed to fall by 8% in real terms, dropping to USD100/bbl in 2035
compared with USD109/bbl in 2012. Gas prices are estimated to fall by 19% and 31% in the
EU and Japan respectively by 2035, but to increase by 119% in the US. Coal prices fall by a
quarter by the end of the period, reaching USD75/bbl in 2035 compared with USD99/bbl in
2012.

Lower volumes at lower prices: 450S implies substantially lower revenues
Given that the 450S assumes lower volumes of fossil fuels sold at lower average prices than
under the NPS, it follows that the total revenues of the fossil-fuel industry over 2013-35
would be much lower under the 450S than under the NPS.

450S versus NPS: implications for fossil-fuel revenues

We calculate that the net impact of the volume and price effects assumed under the 450S
would be to reduce the projected revenues of the global upstream fossil-fuel industry
relative to the NPS by USD28 trillion (in constant 2012 USD) over 2013-35. This breaks
down as USD19.3trn of lost revenue for the oil industry, USD4trn for the gas industry, and
USD4.9trn for the coal industry (again, all in constant 2012 USD).

Oil industry most exposed, with USD19.3trn at stake

We calculate that the net impact of the volume and price effects assumed under the 450S
would be to reduce the projected revenues of the global upstream-oil industry relative to
the NPS by USD19.3trn (in constant 2012 USD) over 2013-35. This breaks down as
USD13.8trn of lost revenue from the sale of conventional crude oil, USD2.8trn from the
sale of natural-gas liquids (NGLs), and USD2.6trn from the sale of unconventional crude oil
(again, all in constant 2012 USD).

We calculate global upstream-oil revenues at USD86.4trn under NPS...
Table 7 shows the actual volume of oil demand by category in 2012 and the projected
volume of demand in 2035 under the NPS. The final column then shows our estimate of
total cumulative demand over 2013-35 using a simple linear interpolation of the IEA’s
numbers for 2012, 2020 and 2035. On this basis, we calculate total demand for petroleum
liquids over 2013-35 at 777bn barrels, comprising 566bn barrels of conventional crude oil,
128bn barrels of natural-gas liquids (NGLs), and 84bn barrels of unconventional crude oil.

16 keplercheuvreux.com



4:‘ Kepler

ESG research Cheuvreux

Table 7: Global oil demand under the NPS, 2012-35 (mbd in 2012 & 2035, bn barrels over 2013-35)

2012 2035 Total demand over 2013-35
Crude oil 69.4 654 565.8
NGLs 12.7 17.7 127.6
Unconventional 5.0 15.0 84.0
Total 87.1 98.1 777.4

Source: For 2012 & 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand over 2013-35, Kepler-Cheuvreux estimates based on IEA data

Table 8 shows our estimates for total revenues to the oil industry over 2013-35. To
calculate these numbers we first take the volumes for 2012, 2020, and 2035 as given by the
IEA, and then multiply these either by the oil price assumed in each of these years by the
IEA (the case for crude oil), or by a price discounted to the IEA number (the case for NGLs
and unconventional crude). For NGLs, we assume a price equivalent to 70% of the IEA’s
crude-oil price in each year, and for unconventional crude a price equivalent to 85% of the
IEA’s crude-oil price.

The reason we discount the price for NGLs is that NGLs contain less energy per barrel than
crude oil. NGLs typically contain 4.4 Gigajoules of energy per barrel compared with
6.3GJ/bbl for crude oil. The reason we discount the price for unconventional crude is that
much of the unconventional crude sold today - e.g. US light-tight oil or so-called shale oil,
and Canadian oil sands - sells at a discount in the market to conventional crude for a
number of reasons, for example because it is landlocked, or because it does not meet
refinery specifications.

Accordingly, we derive annual revenues for the upstream oil industry of USD3.3trn in
2012, USD3.6trn in 2020, and USD4.2trn in 2035. The final column then shows our
estimate of total cumulative revenues for the upstream oil industry over 2013-35 using a
simple linear interpolation of our estimates for 2012, 2020 and 2035. On this basis, we
derive total cumulative revenues of USD86.4trn, comprising USD67trn from conventional
crude, USD10.7trn from NGLs, and USD8.8trn from unconventional crude.

Table 8: Global upstream-oil industry revenues (USDbn) under the NPS (constant 2012 USD)

2012 2020 2035 Total upstream industry
Crude-oil price 109/bbl USD113/bbl USD128/bbl revenues over 2013-35
Crude oil 2,761 2,792 3,055 66,891
NGLs 354 427 579 10,724
Unconventional 169 365 596 8,795
Total 3,284 3,584 4,230 86,410

Source: Prices for 2012, 2020, and 2035, IEA, 2013 WEO (© OECD/IEA); all revenue numbers are Kepler-Cheuvreux estimates based on IEA data

...but under 450S we estimate revenues USD19.3trn lower at USD67.1trn
Tables 9 and 10 show total oil demand and total upstream oil revenues over 2013-35
respectively under the 450S. As shown in Table 9, using the same methodology as in the
case of Table 7 above, we calculate total demand for petroleum liquids over 2013-35 at
683bn barrels, comprising 505bn barrels of conventional crude oil, 110bn barrels of NGLs,
and 68bn barrels of unconventional crude.
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Table 9: Global oil demand under the NPS, 2012-35 (mbd in 2012 & 2035, bn barrels over 2013-35)

2012 2035 Total demand over 2013-

35

Crude oil 694 50,8 504,5
NGLs 12,7 13,6 1104
Unconventional 5.0 11,3 68,4
Total 87,1 75,7 6834

Source: For 2012 & 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand over 2013-35, Kepler-Cheuvreux estimates based on IEA data

As set out in Table 10, using the same methodology as in the case of Table 6 above, we
derive annual revenues for the upstream oil industry of USD3.3trn in 2012, USD3.3trn in
2020, and USD2.5trn in 2035. Using our simple linear-interpolation method again, we
derive total cumulative revenues of USD67.1trn, comprising USD53trn from conventional
crude, USD8.1trn from NGLs, and USDétrn from unconventional crude.

Table 10: Global upstream-oil industry revenues (USDbn) under the NPS (constant 2012 USD)

2012 2020 2035 Total upstream industry
Crude-oil price 109/bbl USD113/bbl USD128/bbl revenues over 2013-35
Crude oil 2,761 2,614 1,854 53,076
NGLs 354 385 347 8,063
Unconventional 169 334 351 5,976
Total 3,284 3,333 2,552 67,115

Source: Prices for 2012, 2020, and 2035, IEA, 2013 WEO (© OECD/IEA); all revenue numbers are Kepler-Cheuvreux estimates based on IEA data

As shown in Table 11, this means that using our methodology the implied loss to the
upstream oil-industry under the 450S in terms of revenues forgone would be USD19.3trn
(in2012 USD).

Table 11: Upstream-oil industry revenues forgone under the 450S vs. NPS (USDbn in 2012 USD)

NPS 4508 Revenues forgone under 450S
Crude oil 66,891 53,076 -13,815
NGLs 10,724 8,063 -2,661
Unconventional 8,795 5,976 -2,819
Total 86,410 67,115 -19,294

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

This breaks down as USD13.8trn of lost revenue from conventional crude oil, USD2.7trn
from NGLs, and USD2.6trn from unconventional crude oil (again, all in constant 2012 USD).

As we explained in our introductory chapter (page 6), we find the IEA’s assumption of rising
unconventional production all the way out to 2035 even under the 450S counter-intuitive,
a point we return to in our concluding chapter below.

Gas industry less exposed, but we see USD4trn revenues at risk

As already explained above, gas prices currently vary greatly by region, and although the
differences between North American, European, and Japanese prices diminish somewhat
over the IEA’s forecast period, gas is still projected to be much cheaper in North America by
2035 than in Europe and Japan under both the NPS and the 450S.
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The IEA does not give price assumptions for other regions under either the NPS or the
450S, which means that in order to estimate the impact of lower demand projected under
the 450S in the rest of the world (ROW), we have to make much more speculative price
estimates. As a result, here we first look at the implications of the 450S on the OECD
countries (excluding Australia, New Zealand, and South Korea) in terms of the revenues at
risk, and then attempt to estimate the impact of the 450S on the gas industry’s revenues in
the ROW.

Overall, we estimate that the net impact of the volume and price effects assumed under the
450S for the upstream-gas industry in the OECD (excluding Australia, New Zealand, and
South Korea) would be to reduce revenues relative to the NPS by USD2.4trn (in constant
2012 USD) over 2013-35. This breaks down as USD900bn of lost revenue in North
America, USD1.3trn in Europe, and USD300bn in Japan. For the ROW, our estimates are by
their nature more speculative, but taking what we think is a conservative view we see a
further USD1.6trn of revenues at risk for the gas industry over 2013-35.

In total, then, we estimate that up to USD4trn of revenues would be at risk for the
upstream-gas industry over the next two decades under a global climate-policy framework
consistent with a 450-ppm world.

We calculate upstream-gas revenues at USD11.5trn in OECD under NPS
Table 12 shows the actual volume of natural-gas demand between OECD and non-OECD
countries in 2011, and the projected volume of demand in 2035 under the NPS. Global
demand rises by 48% over the period from 3.4trn cubic metres (tcm) a year in 2011, to
nearly 5tcm in 2035, with the OECD’s share in the total declining from 45% in 2011 to 36%
in 2035.

The third column shows our estimate of total cumulative demand over 2013-35 using a
simple linear interpolation of the IEA’s numbers for 2011, 2020 and 2035. On this basis, we
calculate total demand for natural gas over 2013-35 at 96trn cubic metres, of which 40tcm
(42%) is consumed in the OECD countries, and 56tcm (58%) in non-OECD countries.

Table 12: Global gas demand under NPS, 2012-35 (bcm)

P, Kepler
‘b’ Cheuvreux

2011 2035 Total demand over 2013- Increase over period
35
OECD 1,597 1,885 40,043 18.0%
Non-OECD 1,773 3,086 55,879 74.1%
Total 3,370 4,971 95,922 47.5%
OECD % of total 45% 35.7% 41.7%

Source: For 2011 and 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand and increase over 2013-35, Kepler-Cheuvreux estimates based on IEA data

Table 13 breaks down demand by region. The global demand increase of 48% disguises big
regional variations, and not surprisingly it is the emerging markets that see by far the
biggest growth.

Other Asia (comprising China, India, and other fast-growing countries in the region) is
projected to increase its gas demand by 165% over the period, Latin America and Africa by
over 80% each, and the Middle East by 75%. The OECD regions, by contrast, see much
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lower growth rates, especially Japan, whose demand barely grows at all over the period
(annual demand of 124bcm in 2035 versus 120bcm in 2011).

Table 13: Global gas demand under NPS, 2012-35 (bcm)

2011 2035 Total demand over Increase over period
2013-35

North America 869 1,044 22,000 20.1%
Europe 525 605 12,995 15.2%
Aus/NZ 82 112 2,231 36.6%
Japan 120 124 2,806 3.3%
Eurasia 703 817 17,480 16.2%
Other Asia 410 1,088 17,227 165.4%
Middle East 399 700 12,639 75.4%
Africa 111 204 3,623 83.8%
Latin America 149 277 4,899 85.9%
TOTAL 3,368 4,971 95,899 47.6%

Source: For 2011 and 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand and increase over 2013-35, Kepler-Cheuvreux estimates based on IEA data

Table 14 shows the IEA’s gas-price assumptions over 2013-35 for the three regions it
makes projections for, namely North America, Europe, and Japan, but this time as priced
per thousand cubic metres. As already explained above, gas prices currently vary greatly by
region, and although the differences between North American, European, and Japanese
prices are projected to diminish over the period, gas is still projected to be much cheaper in
North America by 2035 than in Europe and Japan.

Table 14: Gas prices under NPS (constant 2012 USD) per thousand cubic metres (kcm) for OECD (excl. Aus, NZ & Korea)

2011 2020 2035 2035 versus 2012
North America 99.1 187.2 249.6 152%
Europe 4294 436.7 466.1 8.5%
Japan 620.2 521.1 546.8 -11.8%

Source: Kepler-Cheuvreux estimates for $/kcm prices based on IEA prices given in $/mmbtu in 2013 WEO (© OECD/IEA)

Table 15 shows our estimates for total revenues to the gas industry in the OECD countries
(excluding Australia, New Zealand, and South Korea) over 2013-35.

To calculate these numbers we first take the volumes for 2012, 2020, and 2035 as given by
the IEA, and then multiply these by the IEA’s assumed gas price for each of the key OECD
regions in each of these years.

Accordingly, we derive annual revenues for the upstream gas industry in the OECD
countries of USD386bn in 2012, USD476bn in 2020, and USD436bn in 2035. The final
column then shows our estimate of total cumulative revenues for the upstream gas
industry in OECD countries over 2013-35 using a simple linear interpolation of our
estimates for 2011, 2020 and 2035.

On this basis, we derive total cumulative revenues of USD11.5trn, comprising USD4trn
from North America, USD5.8trn from Europe, and USD1.6trn from Japan.
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Table 15: Upstream-gas industry revenues (USDbn) under NPS (constant 2012 USD) for OECD (excl. Aus, NZ & Korea)

2011 2020 2035 Total revenues 2013-35
North America 86.1 179.1 162.1 3,986
Europe 2254 234.5 217.9 5,835
Japan 74.4 62.0 56.3 1,636
Total 386.0 475.7 436.2 11,457

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

450S implies OECD industry revenues USD2.4trn lower at USD67.1trn
Table 16 shows global gas demand over 2013-35 as projected under the 450S. In this
scenario, demand still rises over the period, but by a more modest 20%. Total global
consumption reaches 4tcm in 2035, with the OECD’s share in the total again declining from
45%in 2011 to 36% in 2035.

The third column shows our estimate of total cumulative demand over 2013-35, again
using a simple linear interpolation of the IEA’s numbers for 2011, 2020 and 2035. On this
basis, we calculate cumulative demand for natural gas under the 450S at 85.3trn cubic
metres, of which 35.5tcm (42%) is consumed in the OECD countries, and 49.8tcm (58%) in
non-OECD countries. Note that under the 450S, OECD demand is actually lower in 2035
thanin 2011.

Table 16: Global gas demand under the 4508, 2012-35 (bcm)

2011 2035 Total demand over Increase over period
2013-35
OECD 1,597 1,493 35,535 -6,5%
Non-OECD 1,773 2,554 49,761 44,0%
Total 3,370 4,047 85,296 20,1%
OECD % of total 45% 35.7%

Source: For 2011 and 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand and increase over 2013-35, Kepler-Cheuvreux estimates based on IEA data

Table 17 reveals that exactly the same pattern of growth holds under the 450S as under
the NPS (albeit at lower absolute levels), with the main drivers of increasing global demand
again being Other Asia (posting demand growth of 116%), Latin America (51%), Africa
(50%), and the Middle East (43%).

Table 17: Global gas demand under 4508, 2012-35 (bcm)

2011 2035 Total demand over Increase over period
2013-35

North America 869 850 19,768 -2.2%
Europe 525 493 11,702 -6.2%
Australia/NZ 82 91 1,992 11.2%
Japan 120 101 2,541 -15.9%
Eurasia 703 665 15,734 -5.4%
Other Asia 410 886 14,901 116.0%
Middle East 399 570 11,142 42.8%
Africa 111 166 3,186 49.6%
Latin America 149 226 4,307 51.4%
TOTAL 3,368 4,047 85,273 20.2%

Source: For 2011 and 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand and increase over 2013-35, Kepler-Cheuvreux estimates based on IEA data
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Table 18 shows the gas-price assumptions over 2013-35 for North America, Europe, and
Japan under the 450S. Prices increase over the period in North America, but decline in
Europe and Japan by 19% and 31% respectively. Nevertheless, prices in North America are
still projected to be 40% land 50% lower than in Europe and Japan respectively in 2035.

Table 18: Gas prices under 4508 (constant 2012 USD) per thousand cubic metres (kcm) for OECD (excl. Aus, NZ & Korea)

2011 2020 2035 2035 versus 2012
North America 99.1 176.2 216.5 119%
Europe 429.4 422.1 348.7 -18.8%
Japan 620.2 491.8 4294 -30.8%

Source: Kepler-Cheuvreux estimates for $/kcm prices based on IEA prices given in $/mmbtu in 2013 WEO (© OECD/IEA)

Table 19 shows our estimates for total revenues to the gas industry in the OECD countries
(excluding Australia, New Zealand, and South Korea) under the 450S using the same
methodology as in the case of Table 15 above.

Accordingly, we derive annual revenues for the upstream gas industry in the OECD
countries of USD386bn in 2012, USD436bn in 2020, and USD39%bn in 2035. This gives
total cumulative revenues of USD%trn, comprising USD3.1trn from North America,
USD4.6trn from Europe, and USD1.3trn from Japan.

Table 19: Upstream-gas industry revenues (USDbn) under 4508 (constant 2012 USD) for OECD (excl. Aus, NZ & Korea)

2011 2020 2035 Total revenues 2013-35
North America 86.1 162.1 184.0 3,107
Europe 2254 217.9 171.7 4,567
Japan 744 56.3 43.3 1,354
Total 386.0 436.2 399.1 9,028

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

As shown in Table 20, this means that using our methodology the implied loss to the
upstream-gas industry under the 450S in terms of revenues forgone in the OECD regions
would be USD2.43trn (in 2012 USD).

Table 20: Upstream-gas industry revenues forgone under 4508 vs. NPS (USDbn in2012 USD)

NPS 450S Revenues forgone under

450S

North America 3,986 3,107 -880
Europe 5,835 4,567 -1,268
Japan 1,636 1,354 -281
Total 11,457 9,028 -2,429

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

This breaks down as USD880bn of lost revenue from North America, USD1.3trn from
Europe, and USD280bn from Japan (again, all in constant 2012 USD).
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We estimate revenues forgone in ROW would be c. USD1.6trn

Estimating the revenues that the gas industry would stand to lose under the 450S in
regions for which the IEA makes no price forecasts is by definition more speculative, but we
can nonetheless make an effort. To do this, we begin by looking at the sales volumes
forgone in the ROW outside the OECD regions already covered above (note, however, that
although Australia, New Zealand, and South Korea are all in the OECD we have included
them here rather than above as the IEA does not give separate gas-price estimates for
these countries as it does for the US, Europe, and Japan).

Table 21 shows that the total sales volume forgone under the 450S relative to the NPS is
6.8trn cubic metres, which breaks down as 2.6tcm in Asia and Oceania, 1.7tcm in Eurasia,
and 2.5tcm in the Middle East, Africa, and Latin America.

Table 21: Upstream-gas sales volumes forgone in ROW under 450S compared with NPS (bcm)

NPS 450S Volumes forgone under

450S

Asia/Oceania 19,458 16,893 -2,565
Eurasia 17,480 15,734 -1,746
ME, Africa, LatAm. 21,160 18,635 -2,525
Total 58,098 51,262 -6,836

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

The next step is to identify which regions are net importers of gas at benchmarked
international prices, or price gas in their domestic markets at benchmarked international
prices. For Asia, China and India account for c. 70% of the total demand over the period (c.
53% and c. 17% respectively), and in these markets we estimate that 40% of total demand
is imported. We assume that these Chinese and Indian imports are priced at an average
level between the IEA’s Japanese and European import prices over the period, which
equates to an average price over the period of USD479/kcm (in constant 2012 USD).

The other countries either importing (South Korea) or pricing at or ever closer to
international benchmarks over 2013-35 are Australia and New Zealand. For these
countries we again assume an average price over the period of USD479/kcm (in constant
2012 USD). For the remaining ROW we assume prices average a much lower USD200/kcm,
reflecting the large share of low-cost producers (especially the Middle East and parts of
Eurasia) in this component.

Accordingly, we derive total revenues at risk in the ROW at USD1.6trn (Table 22).

Table 22: Upstream-gas revenues forgone in ROW under 450S compared with NPS (bcm)
Sales volumes forgone Assumed price (USD/kcm)  Revenues forgone (USD

bn)
China & India imports -651 479 -312
Australia,NZ, & Korea -239 479 -115
Other ROW -5,945 200 -1,190
Total -6,836 -1,617

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO
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Table 23 combines our speculative (but probably conservative) estimate for the revenues
forgone in the ROW with the numbers we calculated for North America, Europe and Japan
above.

Table 23: Gas Volumes and revenues forgone under 4505 compared with NPS (USDbn in2012 USD)

Volumes under Volumes under Difference Revenues forgone

NPS (bcm) 4508 (bcm) under 450S

OECD (ex. Aus, NZ, SK) 37,801 34,011 -3,790 -2,429
Non-OECD (incl. Aus, NZ, SK) 58,098 51,262 -6,836 -1,617
Total 95,899 85,273 -10,626 -4,046

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

As can be seen, on this basis we estimate that the total revenues at risk for the upstream-
gas industry under the 450S relative to the NPS would be USD4trn (in 2012 USD).

Coal industry would have USD5trn to lose over 2013-35

We calculate that the net impact of the volume and price effects assumed under the 450S
would be to reduce the projected revenues of the global upstream coal industry relative to
the NPS by USD4.9trn (in constant 2012 USD) over 2013-35. This breaks down as
USD4.2trn of lost steam-coal revenues, USD715bn of lost coking-coal revenues, and
USD30bn of lost lignite revenues (again, all in constant 2012 USD).

We calculate global upstream-coal revenues at USD14.6trn under NPS...
Table 24 shows coal demand by category in 2011 and the projected volume of demand in
2035 under the NPS. The final column then shows our estimate of total cumulative demand
over 2013-35 using a simple linear interpolation of the IEA’s numbers for 2011, 2020 and
2035.

Accordingly, we estimate total demand over 2013-35 at 135bn tonnes, comprising 107bn
tonnes of steam coal (also known as thermal coal), 21bn tonnes of coking coal, and 6bn
tonnes of lignite (also known as brown coal).

Table 24: Global coal demand under the NPS, 2011-35 (mtce)

2011 2035 Total demand over 2013-35
Steam coal 4,220 5,152 107,778
Coking coal 858 929 20,551
Lignite 313 246 6,429
Total 5,391 6,327 134,757

Source: For 2011 & 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand over 2013-35, Kepler-Cheuvreux estimates based on IEA data

Table 25 shows our estimates for total revenues to the upstream-coal industry over 2013-
35.

To calculate these numbers we first take the volumes for 2011, 2020, and 2035 as given by
the IEA, and then multiply these either by the steam-coal price assumed in each of these
years by the IEA (the case for steam coal), or by a price at a premium to the |[EA number (the
case for coking coal) or a discount (the case for lignite).
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For coking coal, we assume a price equivalent to 150% of the IEA’s steam-coal price in each
year (the kind of premium at which coking coal typically trades), and for lignite a much
lower price of USD17/tonne in 2011, falling to USD15/tonne in 2020 and USD13/tonne in
2035 (there is no traded market in lignite, so we have taken the USD17/tonne price for
2011 from the US Energy Information Administration’s website at
http://www.eia.gov/coal/ and then assumed a falling price out to 2035 in line with the IEA’s
projection for falling demand over the next two decades).

Table 25: Global upstream-coal industry revenues (USDbn) under the NPS (constant 2012 USD)

2011 2020 2035 Total upstream industry
Steam-coal price 99/bbl USD106/bbl USD110/bbl  revenues over 2013-35
Steam coal 418 497 567 11,322
Coking coal 127 158 153 3,228
Lignite 5 5 3 91
Total 550 660 723 14,641

Source: Kepler-Cheuvreux estimates based on |IEA data from 2013 WEO

On this basis, we derive annual revenues for the upstream oil industry of USD550bn in
2012, USD660bn in 2020, and USD723bn in 2035. The final column shows our estimate of
total cumulative revenues over 2013-35 using a simple linear interpolation of our
estimates for 2012, 2020 and 2035. On this basis, we derive total cumulative revenues of
USD14.6trn, comprising USD11.3trn from steam coal, USD3.2trn from coking coal, and
USD91bn from lignite.

...but under 450S we estimate revenues to be USD4.9trn lower at USD9.7trn
Tables 26 and 27 then show total coal demand and total upstream coal revenues over
2013-35 under the 450S. As shown in Table 26, using the same methodology as in the case
of Table 24 above, we calculate total demand for coal over 2013-35 at 104bn tonnes,
comprising 80bn tonnes of steam coal, 19.2bn tonnes of coking coal, and 4.7bn tonnes of
lignite.

Table 26: Global coal demand under the 4508, 2011-35 (mtce)

2011 2035 Total demand over 2013-35
Steam coal 4,220 2,712 79,718
Coking coal 858 810 19,182
Lignite 313 97 4,715
Total 5,391 3,619 103,615

Source: For 2011 & 2035 numbers, IEA, 2013 WEO (© OECD/IEA); for total demand over 2013-35, Kepler-Cheuvreux estimates based on IEA data

As set out in Table 27, using the same methodology as above (but lower prices for lignite of
USD12/tonne in 2020 and USD8/tonne in 2035), we derive annual revenues for the
upstream coal industry of USD550bn in 2012, USD55%9bn in 2020, and USD295bn in 2035.
Using our simple linear-interpolation method again, we derive total cumulative revenues of
USD9.7trn, comprising USD7.1trn from steam coal, USD2.5trn from coking coal, and
USDé63bn from lignite.
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Table 27: Global upstream-coal industry revenues (USDbn) under the 450S (constant 2012 USD)

2011 2020 2035 Total upstream industry
Steam-coal price USD99/tonne USD101/tonne USD75/tonne  revenues over 2013-35
Steam coal 418 411 203 7,144
Coking coal 127 145 91 2,513
Lignite 5 3 1 63
Total 550 559 295 9,720

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

As shown in Table 28, this means that using our methodology the implied loss to the
upstream coal industry under the 450S in terms of revenues forgone would be USD4.9trn
(in2012 USD).

Table 28: Upstream-coal revenues forgone under the 450S compared with NPS (USDbn in2012 USD)

NPS 450S Revenues forgone under

450S

Steam coal 11,322 7,144 -4,178
Coking coal 3,228 2,513 -715
Lignite 91 63 -28
Total 14,641 9,720 -4,921

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

This breaks down as USD4.2trn of lost steam-coal revenues, USD715bn of lost coking-coal
revenues, and USD30bn of lost lignite revenues (again, all in constant 2012 USD).

USD28trn of fossil-fuel revenues at risk in a 450-ppm world

Table 29 brings together our estimates for the revenues forgone by the upstream oil, gas,
and coal industries under the IEA’s 450S compared with the NPS. The total amount comes
to USD28.3trn, of with oil accounting for 68% of this difference, gas 14%, and coal 18%.

Table 29:Fossil-fuel revenues forgone under 4505 compared with NPS (USDbn in 2012 USD)

Volumes under NPS Volumes under 450S Difference Revenues forgone under

4508

Qil 100,844 88,378 -12,466 -19,294
Gas 79,419 70,656 -8,763 4,046
Coal 94,312 72,519 -21,793 -4,921
Total 274,574 231,553 -43,022 -28,261

Source: Kepler-Cheuvreux estimates based on IEA data from 2013 WEO

Oil demand is lower by a cumulative 12.5bn tonnes under the 450S, and with lower average
prices as well this results in revenues forgone of USD19.3trn (in 2012 USD). Gas demand is
lower by 8.7bntoe, and combined with lower prices, this results in lost revenues of
USD4trn. Finally, for coal, lower demand of 21.8bntoe and lower average prices means that
on our estimates the industry would stand to lose USD4.9trn of revenues under a global
policy framework consistent with a 450-ppm world.
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Risk is to high-cost, high-carbon producers

The point about the revenues under threat for the fossil-fuel industry under a 450-ppm
policy framework is that the risks are not spread evenly across all players. Rather, the risks
are concentrated on the marginal producers - the companies that are at the high end of the
respective industry cost curves.

In this respect, it is also important to note that the high-cost sources of production tend to
be the most carbon-intensive ones. This is because high-cost sources of production
typically require more energy to be consumed in the extraction process, thereby leading to
more CO2 emissions in the development of these resources than is the case for more easily
extracted reserves.

This can be seen very clearly with reference to the oil industry, and as our analysis above
has shown it is the oil industry that would stand by far the most to lose in terms of forgone
revenues under a 450-ppm framework. Accordingly, and as a prelude to a more detailed
analysis of the value at risk to the oil industry under a 450-ppm policy framework that we
will offer in a forthcoming report, we here conclude with a quick look at the supply curve
for the global upstream oil industry.

A quick look at the oil industry’s cost curve

Chart 6 shows the IEA’s estimate of the oil industry’s long-run marginal cost curve (LRMC)
as set out in the 2013 WEO published last November. Once again, all figures are in constant
2012 USD.

Chart 6: LRMC of petroleum liquids
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Source: IEA, 2013 World Energy Outlook (© OECD/IEA)

As can be seen, the world’s lowest-cost remaining reserves are the conventional onshore
reserves of Middle Eastern and North African (and mostly OPEC) countries, where the
LRMC isin the range of USD10-25/bbl.
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Other conventional oil (essentially onshore and shallow offshore) has a LRMC range of
USD15-70/bbl, but beyond that it can be seen that the three main sources of
unconventional oil already producing today - extra heavy oil and bitumen (Canadian oil
sands), light-tight oil or LTO (also known as shale oil), and ultra-deepwater - all have much
higher cost ranges. For Canadian oil sands the IEA estimates the range at USD50-90/bbl,
for US light-tight oil USD50-100/bbl, and for ultra-deepwater USD70-90/bbl.

If we then look at the allocation of global oil production by company type (Chart 7), it can
be seen that the IEA’s numbers show conventional oil production dominated by national oil
companies (NOCs, these being majority or partially state-owned companies with a
monopoly or dominant share of production in their home country) and international
national oil companies (INOCs, these being majority or partially state-owned companies
with significant international interests relative to their domestic interests). Together,
NOCs and INOCs accounted for nearly 70% of conventional oil production in 2012 on the
IEA’s numbers, with the international majors and independent private companies
accounting for just over 30%. This means that the lowest-cost sources of production are
predominantly government owned.

Chart 7: Oil production by selected resource and company type, 2012
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Source: |EA analysis based on A5 Rystad Energy.

Source: IEA, 2013 World Energy Outlook (© OECD/IEA)

If we then look at the higher cost, unconventional sources of production, it can be seen that
while NOCs and INOCs together account for just over 40% of deepwater production, their
share of oil sands and LTO production is much lower (less than 10% in each case).

This means that the high-cost, high-carbon sources of production are dominated by the
international majors and independent private companies. Indeed, looking at the 8.4mbd of
production from these sources in 2012, Chart 7 would suggest that c. 73% was owned by
the international majors or private independents. This amounts to some 6.1mbd, or 2.23bn
barrels per year. If we assume that the highest-cost, most carbon-intensive barrels would
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be the ones most at risk of not being produced under a 450-ppm policy framework, then on
the face of it all of these barrels would be at risk under a 450-ppm global climate deal.

In reality, for the reasons already explained in our introductory chapter (pages 5-6), the
production from existing unconventional fields would likely be safe even in a 450-ppm
world. Instead, we think the production most at risk under a 450-ppm agreement would be
potential future output from the proven unconventional reserves that are yet to be
developed.

This is because if and when global climate policy were to tighten significantly, over time we
think this would start to squeeze out the high-cost, high-carbon sources first. In particular,
we think OPEC countries sitting on lower-cost, lower-carbon reserves would likely want to
optimise their output in a 450-ppm world. Allowing for the time needed to upgrade
infrastructures to enable higher levels of production, we think this would mean higher
levels of lower-cost conventional output over 2025-35 than the IEA is assuming under its
4508S.

Since lost revenues ultimately translate into lost earnings and hence lost value, this would
suggest to us that it is the undeveloped deepwater, oil-sands, and LTO assets (which, based
on the ownership of existing production from such sources, would be predominantly owned
by the majors and private independents) that would be most at risk of stranding under a
far-reaching global climate settlement.

Value risk to fall on high-cost, high-carbon producers

As our analysis throughout this report has shown, the risk entailed by a 450-ppm global
policy framework for fossil-fuel companies is one of structurally lower demand and hence
lower prices and lower revenues than under the trajectory the world is currently on.

Given that lost revenues translate into lost earnings and hence lost value, investors are
becoming increasingly concerned about the risk of stranded assets associated with carbon
risk. Indeed, in this respect, the agreement last month between Arjuna Capital and As You
Sow on the one hand, and ExxonMobil on the other, can be seen as a landmark event. In
exchange for the withdrawal of a shareholder resolution prepared by Arjuna Capital, Exxon
agreed on 20 March to publish a report giving much more detail on how it is preparing for a

more carbon-constrained world.

The press release issued by Arjuna Capital and As You Sow in response to their agreement
with ExxonMobil made particular reference to the risk of stranding that faces
“unconventional ‘frontier’ assets” such as deep-water plays and the oil-sands projects in
Alberta, saying:

“These reserves are not only the most carbon intensive, risky, and expensive to extract, but the
most vulnerable to devaluation. As investors, we want to ensure our Companies’ capital will yield
strong returns, and we are not throwing good money after bad”.

And in our view, the fact that ExxonMobil's report published only ten days after its
agreement with Arjuna Capital and As You Sow - entitled Energy and Carbon -Managing
the Risks - then dismissed the idea that the company is facing any risk of asset stranding

from its operations is beside the point.
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What matters is that this has set a precedent for the world’s major oil companies to engage
with investors on the subject of the carbon risk in their asset portfolio and their
preparedness for a more carbon-constrained world.

With this in mind, we will extend our analysis of the implications of a 450-ppm world for
fossil-fuel revenues by looking in a forthcoming report at the value at risk for the oil
industry of a more carbon-constrained world.

This forthcoming report will look not only at the value at risk under the IEA’s 4508, but will
highlight three other risks in parallel to this that should be of concern to ExxonMobil and
any other companies in its peer group that think a global policy settlement consistent with
450-ppm world is essentially unachievable.

The first of these risks is tighter national or regional climate policy. In other words, whether
a global policy framework consistent with a 450-Scenario is ultimately put in place or not,
there is always also the risk of tighter legislation that could lead to stranded assets in
certain markets.

A good example of such a risk at the moment relates to the ongoing debate over the
Keystone XL (KXL) pipeline between Canada and the US. If President Obama ultimately
decides to veto KXL, this could create stranded assets in the Alberta oil-sands plays both
for Exxon and other oil companies.

Second, there is the risk that certain kinds of investments - notably high-cost, high carbon
assets such as Canadian oil sands - could become socially unacceptable as investments for
growing numbers of institutional investors over time. Indeed, this was one of the assets
explicitly cited by As You Sow in its shareholder resolution that ultimately forced Exxon to
write the report it published yesterday.

Third, we can also envisage a risk of stranded assets arising for oil companies under a
scenario of rising oil prices. Specifically, if oil prices rise faster in future than currently
assumed by the IEA in its base-case projections, we think this could lead to an acceleration
of the policy incentives for, and deployment of, renewable-energy technologies and
energy-efficiency measures, and hence a faster shift away from oil in the global energy mix
over the next three decades than ExxonMobil assumes.
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To the extent permitted by applicable law, no liability whatsoever is accepted for any direct or consequential loss, damages, costs or prejudices whatsoever
arising from the use of this publication or its contents.

KEPLER CHEUVREUX (and its affiliates) have implemented written procedures designed to identify and manage potential conflicts of interest that arise in
connection with its research business, which are available upon request. The KEPLER CHEUVREUX research analysts and other staff involved in issuing and
disseminating research reports operate independently of KEPLER CHEUVREUX Investment Banking business. Information barriers and procedures are in
place between the research analysts and staff involved in securities trading for the account of KEPLER CHEUVREUX or clients to ensure that price sensitive
information is handled according to applicable laws and regulations.

Country and region disclosures

United Kingdom: This document is for persons who are Eligible Counterparties or Professional Clients only and is exempt from the general restriction in
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information is provided for informational purposes only and does not constitute a solicitation to buy or an offer to sell any securities under the Securities Act of
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cautionary statement.

France: This publication is issued and distributed in accordance with Articles L.544-1 and seq and R. 621-30-1 of the Code Monétaire et Financier and with
Articles 313-25 to 313-27 and 315-1 and seq of the General Regulation of the Autorité des Marchés Financiers (AMF).

Germany: This report must not be distributed to persons who are retail clients in the meaning of Sec. 31a para. 3 of the German Securities Trading Act
(Wertpapierhandelsgesetz - “WpHG”). This report may be amended, supplemented or updated in such manner and as frequently as the author deems.

Italy: This document is issued by Kepler Capital Markets, Milan branch and Crédit Agricole Cheuvreux S.A., branch di Milano, authorised in France by the
Autorité des Marchés Financiers (AMF) and the Autorité de Contréle Prudentiel (ACP) and registered in Italy by the Commissione Nazionale per le Societa e la
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and the ACP and registered in Italy by CONSOB. This document is for Eligible Counterparties or Professional Clients only as defined by the CONSOB
Regulation 16190/2007 (art. 26 and art. 58).Other classes of persons should not rely on this document. Reports on issuers of financial instruments listed by
Article 180, paragraph 1, letter a) of the Italian Consolidated Act on Financial Services (Legislative Decree No. 58 of 24/2/1998, as amended from time to time)
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Markets S.A and Crédit Agricole Cheuvreux, Société Anonyme (S.A.)warns on the significant interests of Kepler Capital Markets S.A and Crédit Agricole
Cheuvreux, Société Anonyme (S.A.)indicated in Annex 1 hereof, confirms that there are not significant financial interests of Kepler Capital Markets S.A and
Crédit Agricole Cheuvreux, Société Anonyme (S.A.)in relation to the securities object of this report as well as other circumstance or relationship with the issuer
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