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Executive Summary
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Drawing on our Carbon Supply Cost Curegorts, here
we compile and update our previous demand estimates
into a fully-fledged set of regional and global energy
demand projections by fuel through 2035. The purpose
of our “Low-Demand Scenario” (LDS) is to thoroughly
account for key risk factors which may diminish future
demand for fossil fuels. Though LDS modeling covers all
regions and sources of global energy demand, we focus
on the markets of chief interest to private-sector
investors; these include the global market for oil and key
regional markets for gas (North America, Europe, LNG)
and thermal coal (the seaborne export market, and the
domestic markets of China the United States, South
Africa, Russia, and Indonesia). We benchmark the Low-
Demand Scenario against the New Policies Scenario (NPS)
and 450 Scenario in the 2014 World Energy Outlook
published by the International Energy Agency (IEA).!

Modeling the key downside risks to fosdiiel demand:
Our recent Lost in Transitioneport? examined eight key
assumptions that underpin projections of future energy
demand — and explored how plausible variations on
these assumptions affects future demand for energy, and
in particular demand for fossil fuels. In the Low-Demand
Scenario we model these drivers explicitly, with a focus
on energy intensity trends and renewable energy
penetration rates.

! International Energy Agency (IEA), World Energy Outlook 2014

(WEO 2014p014.

2 Carbon Tracker Initiative, Lost in Transition: How the energy se

Is missing potential demand destructj@tt 2015,
http://www.carbontracker.org/report/lost_in_transition/

FossilHfuel demand in a
carbon-constrained world:
integrated projections of
coal, oil, and gas demand
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energy demandhrough 2035; we

compare LDS projections with the New
Policies Scenario (NPS) and 450 Scenario
from the IEA 2014 World Energy Outlook.

Relative to 2014 levels, projected changes
in 2035 global demand by scenario are:

Oil: -2% (LDS) +11% (NPS)L6% (450)

Thermal coal: -8% (LDS) +15% (NPS)
- 30% (450)

Gas: +35% (LDS) +44% (NPS) +19% (450)

Excluding met coal emissions, the 2015
20352°C global carbon budget is 551
GtCQ@; LDS emissions exceeds this budget
by 85 GtC&X15%) and NPS emissions by
134 GtCQ(24%).

LDS global primary energy demand per $
of GDP declines 46% by 2035 (vs. 40% in
the NPS and 53% in the 450 Scenario).

In the LDS the noifiossil share of global
primary energy demand rises from 21% in
2014 to 31% by 2035 (vs. 26% in the NPS
and 36% in the 450 Scenario).

In a2°C scenario, delaying largecale CCS
deployment from 2020 to 2030 requires
additional reduction in fossifuel demand
and puts ~$1 trillion of revenues at risk.

CTI: Reid Capalino ETA: Mark Fulton
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TableES1 Estimates of average 2042035 demand for thermal coal, oil, and natural gas

Oil demand (mbpd)

Total World Oil Demand
CTL and GTL
Processing Gains

Net World Oil Demand

Natural gas demand (bcm)

North America
Europe
LNG export

Thermal Coal demand (Mt)

Seaborne export
US domestic
China domestic
India domestic

Pl
92.4
0.3
2.2
89.9

2014
938
548
333

2014
993
757

3040
534

2015-2035 avg. demand

NPS LDS 450
98.3 93.2 88.0
0.8 0.8 0.7
2.7 2.6 2.5
94.8 89.8 84.7

2015-2035 avg. demand

NPS LDS 450
1040 1016 954
651 609 596
520 496 487

2015-2035 avg. demand

NPS LDS 450
1132 774 771
621 548 468
3358 3003 2067
738 699 662

2035 demand level

NPS LDS 450
102.8 90.3 77.9
1.9 0.7 0.6
3.0 2.8 2.6
97.9 86.8 74.7

2035 demand level

NPS LDS 450
1141 1098 900
759 644 610
699 666 632

2035 demand level

NPS LDS 450
1240 771 513
514 400 305
3241 2803 1489
988 826 636

Note: LNG exports and seaborne thermal coal exports are netted out from regional and national demand totals.
Source: IEA, BP Statistical Review of World Energy 2015, Institute for Energy Economics and Financial Analysis, Carbon Tracker analysis of
Rystad Energy UCube database and Wood Mackenzie Global Economic Model.
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Oil demand: flat in LDS, 2035 global demand 16% below current levels in 450 Scenario

Relative to the 2014 New Policies Scenario, the Carbon Tracker Low-Demand Scenario assumes greater
improvements in demand-side energy efficiency, broader deployment of renewable energy technologies
in power generation, and modesty faster uptake of biofuels and electric vehicles within transport. As a
result, through 2035 global demand for oil declines to 90.3 million barrels per day (MBPD) versus 2014
global demand of 92.4 MBPD; average demand over this period is averages 93.2 MBPD.> The medium
and long-term trajectory of global oil demand depends on a tussle between growth in emerging markets
(principally in Asia) and declines in developed markets. In the Low-Demand Scenario, transport
efficiency limits the increase in oil demand even as hundreds of millions of new cars and trucks hit the
road in China, India, and other Asian countries (causing global oil demand to peak in 2020). Note,
however, that to control climate change to 2 degrees Celsius (2°C) global oil demand must decline far
more rapidly than in the LDS; for example, the LDS 2035 demand level of 90.3 MBPD is 12.3 MBPD (16%)
above the level in the IEA’s 450 Scenario. Achieving this requires faster deployment of electric vehicles
met by a cleaner electricity system and biofuels.

FigureES1 Global oil demand in Carbon Tracker EDamand Scenario vs. IEA New Polanes450 Scenarios, 202935
(mbpd)
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Source: IEA, Carbon Tracker analysis 2015

3 Note that in our companion supply analysis we adjust global oil demand to exclude the portion met by coal-to-
liquids, gas-to-liquids, and refinery gains.
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Thermal coak LDSavg. seaborne export and US domestic demand 25% below current leiretgir
September 2014 report we argued that global demand for thermal coal has entered into a structural
decline and will peak prior to 2020 (coincident with a peak in China’s thermal coal demand).*
Developments since publication have strengthened our conviction on the structural headwinds set to
constrain thermal coal demand. These include the Intended Nationally Determined Contribution (INDC)
plans submitted by the three-largest coal consumers — China, the United States and India. Key targets in
these plans (analyzed later in this report) — such as for peaks in CO, emissions, reductions in CO,
intensity, and increases in nuclear and renewable energy deployment — are all poised to suppress
demand for thermal coal.> In the Low-Demand Scenario the seaborne export and US domestic markets
(which together currently account for nearly one-third of global coal demand) see average 2015-2035
demand 25% below current levels.

FigureES2 Global thermal coal demand in Carbon Tracker-Demand Scenario vs. IEA Newlicies and 450 Scenarios, 2012
2035 (mtce)
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Source: IEA, IEEFA, Carbon Tracker analysis 2015

4Carbon Tracker Initiative (CTl) and Institute for Energy Economics and Financial Analysis (IEEFA), Thermal coal
demand: comparing projections and examining riSkstember 2014, http://www.carbontracker.org/wp-
content/uploads/2014/09/Coal-Demand-IEEFA-complete.pdf

5 Rajesh Kumar Singh, “Coal Revival Seen Fading as India’s Rising output Trims Imports,” Bloomberg Businesaug
12 2015, http://www.bloomberg.com/news/articles/2015-08-12/coal-revival-seen-fading-as-india-s-rising-output-
trims-imports
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Gasg LDSCAGRs of 0.4% for Europe, 1% for North America, and 3.5% far@aN@ the only fossil fuel
in which the Low-Demand Scenario projects continued demand growth through 2035. Globally, demand
for gas through 2035 grows at a CAGR of 1.3% versus 1.6% in the New Policies Scenario and 0.8% in the
450 Scenario. The delta between the New Policies and Low-Demand Scenarios reflects the Low-Demand
Scenario assuming greater investments in energy efficiency and accelerated cost reductions for
renewable energy technologies. Within the Low-Demand Scenario, 2012-2035 CAGRs vary significantly
across regions — from 0.4% for Europe, to 1.0% for North America, and 3.5% for LNG. Rapid projected
growth in LNG demand reflects in part large increases in LNG consumption from China and India.

FigureES3 Global natural gas demand in Carbon Tracker-Demand Scenario vs. IEA New Policies and 450 Scenarios, 2012
2035 (bilion cubic meters)
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Source: IEA, Carbon Tracker analysis 2015
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A 20352°C global carbon budgédor energyrelated emissionof 551-593 GCQ: To achieve at least a

50% chance of limiting climate change to 2°C, Carbon Tracker has previously written of a 2013-2049
global “carbon budget” for energy-based emissions of 1075 billion tons of CO; (i.e. 1075 GtCO;). Basing
off of the IEA’s 450 Scenario, from 2015-2035 the 2°C global carbon budget for energy-based emissions
is 593 GtCO,. For comparison, 2014 global emissions from the burning of fossil fuels were 32.2 GtCO,.

In a 2°C scenario such emissions must go to 22 GtCO; by 2035, and then to roughly 17 GtCO; (i.e. less
than half of current levels) by 2050. By 2075-2100 energy-related CO, emissions in 2°C scenario must
approach 0 GtCO, per year.

FigureES4 CumulativeCQ emissions by scenario, 262835 (GEQ)

800 NPS total =738 GtCO,
less met coal = 685 GtCO, LDS total = 686 GtCO,
less met coal = 636 GtCO,

700
450 total =583 GtCO,
less met coal = 551 GtCO,

600
500

400

GtLu,

300

200

100

NP5 LDS

B Thermal Coal mOil mGas W M Metallurgical Coal

Source: IEA, Carbon Tracker analysis 2015
¢2 SYLKIFaAlT S GKS Nmxnala YvYz2aid NBt SOl 3rdglobatcabddh G G S A
budgetto exclude 42 @Q of emissions related to metaligical coal (i.e. coking coalyhich, owing to

its essential role in steelmaking, faces lesgHierm demand risk than does thermal coal in a climate
constrained scenarié. The result is a 203%5°C global carbon budget of 551G&, with 33% of

& Thermal coal (i.e. steam coalicounts for nearly 80% of current global coal demand. It is mainly used for heat
production or steam-raising in power plants and, to a lesser extent, in industry. Typically, thermal coal is not of
sufficient quality for steel making. Metallurgical coal (i.e. coking coalgcounts for around 15% of global coal
demand. Its composition makes it suitable for steel making (as a chemical reductant and source of heat), where it
produces coke capable of supporting a blast furnace charge. Ligniteaccounts for 5% of global coal demand. Its low
energy content and usually high moisture levels generally make long-distance transport uneconomic. Over 90% of
global lignite use today is in the power sector. IEA, WEO 20132013, Box 4.1.
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cumulative emissions coming from thermal coal, 40% coming from oil, and 27% coming from natural

gas. Carbon budgets excluding met coal emissions are emphasized throughout this study.

Initiative
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! R 2 d201581%2°C global carbon budgdor energyrelated emissionf 446 GtCQ: Note that
in our companion supply analysis we adjust carbon budgets for thermal coal and gas due to (1)
incomplete data coverage of global thermal coal production; and (2) a goal of emphasizing markets of
chief interest to investors. Hence, we focus only on thermal coal production that is captured in Wood
Mackenzie’s Global Economic Model (as of 2015, equivalent to 76% of global thermal coal production)
as well as the domestic coal market of India. Within gas, we focus only on the markets of North America
and Europe, and well as the liquefied natural gas (LNG) market (collectively, these three markets cover
roughly 53% of 2015-2035 gas-related emissions). Incorporating these adjustments into our carbon
budget reduces the 2035 2°C global carbon budget by 105 Gt, and brings the 2°C global carbon budget
for energy-related emissions to 446 GtCO,. For more discussions, see Appendix C.

FigureES5 Adjusted 2018035 450 Scenario global carbon budge(QQGj

700

450 total =593 GtCO,
less met coal =551 GtCO,
less non-modeled coal/gas = 446 GtCO,
600
500
400
o
2
a2
300
200
100

B Modeled Thermal Coal [ Jolil B Modeled Gas B Non-Modeled Gas and Thermal Coal m Metallurgical Coal

Note: “Non-modeled Gas and Thermal Coal” refers to emissions from potential thermal coal and natural gas production in markets that either
are omitted from our supply databases or in markets of secondary interest to investors. Source: IEA, Carbon Tracker 2015 analysis of data from
Wood Mackenzie Global Economic Model, Wood Mackenzie Coal Market Service, and Rystad UCube database
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Low-Demand Scenario shows continuation of ftahe in globalCQ emissionsIn 2014 global energy-
related emissions of CO, were 32.2 billion tons. This was unchanged from the 2013 level, prompting the

IEA to note “the first time in 40 years in which there was a halt or reduction in emissions of the

"7 In our Low-Demand Scenario annual

greenhouse gas that was not tied to an economic downturn.
global CO; emissions remain near current levels through 2035, as modestly lower emissions from coal
and oil compensate for rising emissions from natural gas. This marks a structural change from the years

since 1990, when annual global CO, emissions have increased at 1.9% per year.

FigureES6 Global energysectorCQ emissions1990-2035

40

35 /

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

e \PS e | DS 450

Source: IEA, Carbon Tracker analysis 2015

Relative to the IEA’s New Policies Scenario, Carbon Tracker’s Low-Demand Scenario sees a reduction in
cumulative 2015-2035 global emissions of 49 GtCO,; staying within the 2°C global carbon budget,
however, requires reducing cumulative emissions over this period by another 85 GtCO..

7IEA, “Global energy-related emissions of carbon dioxide stalled in 2014,”13 Mar 2015,
http://www.iea.org/newsroomandevents/news/2015/march/global-energy-related-emissions-of-carbon-dioxide-
stalled-in-2014.html
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Low-Demand Scenario projects fulfillment of key INDC targetss the primary drivers of growth in
global energy demand, the national ambitions of China and India will heavily influence future
consumption of fossil fuels. Hence there is much significance in the INDC (Intended Nationally
Determined Contribution) plans that each of these countries has put forth as part of the COP-21 round
of the United Nations Framework Convention on Climate Change (UNFCCC) negotiations; among other
things, INDC plans set concrete targets for stabilizing or reducing CO, emissions (or CO, emissions per
dollar of GDP) and deploying non-fossil energy sources.® The Low-Demand Scenario sees the three
largest CO, emitters (China, the US, and India) delivering on and exceeding their major INDC
commitments; this causes global energy-related CO, emissions to remain nearly constant through 2030,
whereas in the IEA’s INDC Scenario 2030 emissions are 2.6 GtCO; (i.e. 8%) above 2014 levels.’ Note,
however, that achieving at least a 50% chance of a 2°C climate outcome requires 2030 emissions to be
21% below2014 levels. Recognizing this underscores how the national commitments embodied in the
INDC Scenario, though encouraging, deliver only partial initial progress toward putting the world’s
energy system on a 2°C trajectory.

FigureES7 Global energyelated CQ emissions in the INDC, NPS, LDS and 450 Scenarie20B890

40

35 f

1990 2000 2010 2020 2030

e [NDC e NPS e | DS 450

Source: IEACarbon Tracker analysis 2015

8 For more information on INDCs, see Climate Action Tracker at http://climateactiontracker.org.

9 Note that both scenarios, in addition to the New Policies and 450 Scenarios, project the global economy to grow
by roughly 88% by 2030. For more analysis of the global impact of all INDC plans, see the IEA’s recent Energy and
Climate Changsepecial report IEA, World Energy Outlook Special Report: Enargy Climate Changeo015,
Chapter 2.
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Analyzing the drivers of emissions reductiowe quantify the impact of different initiatives in reducing
CO; emissions in the Low-Demand and 450 Scenarios. Key initiatives include more efficient use of

energy (on both the supply and demand side), deployment of low-carbon generation technologies in the
power sector, deployment of biofuels and electric vehicles, and, in the 450 Scenario, deployment of
carbon capture and sequestration (CCS) technology in industry and power generation.

TableES2 Measures to reduc€Q emissionsn the LowDemand Sceaario and savings relative to the New Policies Scenario
20152035

Measure Emissions savings (GtCO,) Activity
End-use efficiency and more efficient power plants limit annual
Energy efficiency - electricity 15 growth in electricity demand to 1.3%

More fuel-efficient vehicles and improvements in building

design/operation limti annual growth in transport and buildings
Energy efficiency - other fuels 11 energy demand to 0.8%

Installed wind power capacity grows from 367 GW to 1363 GW,

and share of global electricity mix increases from 3.6% to 10%.

Installed solar PV capacity grows from 175 GW to 957 GW,

and share of global electricity mix increases from 0.9% to
Wind and solar PV 13 3.8%.

Installed "other renewables" capacity grows from 112 GW to
505 GW (chiefly due to investment in bioenergy and CSP), and

Other renewables 7 share of global electricity mix increases from 2.2% to 7.2%.
World adds 163 GW of nuclear capacity and share of global
Nuclear 0 electricity mix remains ~12%, in line with NPS.
World adds 471 GW of hydro capacity and share of global
Hydro 0 electricity mix remains ~16-17%, in line with NPS.

Minimal large-scale CCS deployment through 2035 results in
CCS power 0 cumulative CO2 capture < 1 Gt, in line with NPS.

Minimal large-scale CCS deployment through 2035 results in
CCS industry 0 cumulative CO2 capture < 1 Gt, in line with NPS.

Biofuels scale up from 1.2 mboepd (2% of transport energy
Biofuels 2 demand) to 5.8 mboepd (9% of transport energy demand).

EV sales begin to accelerate post-2020, and cumulative EV

fleet grows from <1MM today to 275MM in 2035 (for a 3% share
Electric vehicles 1 of transport energy demand)

Total 49

Note: Savings represent reduction in 2015-2035 cumulative CO; emissions relative to the New Policies Scenario. Source: IEA, Carbon Tracker
analysis 2015
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TableES3 Measures to reduc€Q emissions in the 450 Scenario and savings relative to theDiesmand Scenario, 202935

Measure Emissions savings (GtCO,)

Energy efficiency - electricity 6

Energy efficiency - other fuels 20
Wind and solar PV 2
Other renewables 1
Nuclear 6
Hydro 4
CCS power 15
CCS industry 9
Biofuels 2
Electric vehicles 2
18

Total 85

Activity
Further gains to reduce 2012-2035 CAGR to 1.0%

Further gains to reduce transport CAGR to 0.4% and buildings
to 0.6%

Additional 191 GW of wind bring 2035 share of global
electricity mix to 12.2%. Additional 137 GW of solar PV bring
2035 share of global electricity mix to 4.6%.

Additional 72 GW of "other renewables" increases 2035 share
of global electricity mix to 8.8%.

Additional 200 GW of nuclear increase share of 2035
electricity mix to 17%.

Additional 260 GW of hydro increase share of 2035 electricity
mix to 20%.

Addition of CCS-enabled plants averages 20 GW/yr in 2020s
and 50+ GW/yr in 2030s; by 2035, nearly 500 GW of global
CCS capacity, equal to 12% of total fossil-fuelled power
generation capacity.

Beginning in 2020s, widespread CCS deployments in the
production of cement/chemicals/paper, oil refining, gas-to-
liquids, and natural gas processing

Additional scale-up results in 2035 biofuels of 7.3 mboepd
(13% of transport energy demand). Advanced biofuels (e.g.
from non-food, cellulosic feedstocks and algae) reach
commercial scale in 2020.

2035 EV fleet reaches 350MM vehicles (4% of transport
energy demand)

Coal-to-gas switching in power generation; displacement of
coal and liquid fuels in industry and building applications

Note: Savings represent reduction in 2015-2035 cumulative CO. emissions relative to the Low-Demand Scenario. Source: IEA, Carbon Tracker

analysis 2015

9 Transport efficiencyLDS efficiency measures reduce 2035 global energy consumption in transport
by roughly 10% relative to the New Policies Scenario, saving the equivalent of 6.7 million barrels of

oil per day; to achieve a 450 scenario requires improved efficiency measures capable of saving

another 6.7 mbpd of oil. Combined 2035 efficiency savings across both scenarios are equal to one-
fourth total 2013 transport oil demand of 48.7 mbpd.

1 Power generatiorefficiency: Proliferation of energy-efficient devices limits growth in global power
demand in the LDS to a 2015-2035 CAGR of 1.3% (versus 1.6% in the New Policies Scenario and 1%
in the 450 Scenario).’® LDS efficiency measures reduce 2035 power demand by 7%, saving the

10 From 2015-2035 global electricity generation grows at CAGRs of 2% in LDS, 2.2% in NPS, and 1.8% in the 450

Scenario.
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equivalent of 6,000 Terawatt-hours (TWh); in a 450 Scenario, 2035 demand would fall by an
additional 4,400 TWh. Combined 2035 savings across the LDS and 450 Scenarios of 10,400 TWh are

equal to total 2012 US power consumption.

1 Cleaner energy supplies addition to using energy more efficiently, the LDS and 450 scenarios also
reduce emissions by supplying a greater portion of energy demand through low-carbon energy
sources. As of 2012, 20% of global energy demand came from non-fossil sources (i.e. nuclear,
hydroelectric, biomass, wind, solar, geothermal, and other renewable energy sources). In the LDS,
by 2035 this share grows to 31% (versus 26% in the New Policies Scenario); achieving a 450 Scenario
requires a 2035 non-fossil share of 36%.

9 EVs and biofuelsTransport accounts for over half of global oil consumption, and behind power
generation accounts for a larger share of global CO, emissions than any other sector. Hence finding
options to reduce oil use in transport is critical. Sound options for displacing oil in transport exist,
chiefly in the form of advanced biofuels and electric vehicles (EVs)!!; as of 2012, however, these two
alternatives supplied less than 3% of total energy used in transport (amounting to less than 2 million
barrels of oil equivalent per day). In the Low-Demand Scenario each of these options scales up
considerably, so that by 2035 advanced biofuels and electric vehicles are displacing 7.9 mboepd; in
the 450 scenario, by 2035 these options are displacing 9.9 mboepd. From 2015-2035 advanced
biofuels reduce emissions by 2 GtCO; in the Low-Demand Scenario (relative to the New Policies
Scenario) and another 2 GtCO; in the 450 Scenario (relative to the Low-Demand Scenario).

T CCSWithin the 2035 timeframe, high-upfront capital costs and need for sustained government
support limit CCS deployments in the New Policies and Low-Demand Scenario (with cumulative CO,
capture of less than 1 Gt). In the 450 scenario, however, CCS deployment at scale begins around
2025 and steps up in the 2030s; from 2015-2035 CCS deployment results in 24 GtCO; of emissions-
reduction relative to the Low-Demand Scenario (equivalent to ~25% of the total difference in
cumulative emissions between the Low-Demand and 450 Scenarios).}? Of this 24 GtCO,, roughly 19
GtCO; (80%) comes from coal and 5 GtCO, (20%) from gas. Note that as of year-end 2014 there
were roughly 13 large-scale CCS projects operating that capture a total of 26 MtCO; per year (with
only 5.6 MtCO, of this being sequestered and subject to monitoring and verification).®® In the 450
Scenario, annual CO; capture must rise to 4 Gt by 2035 —an amount 148 times greater than today.
Deployment of CCS is concentrated in China and the United States, with India and the Middle East

11 Here we follow the IEA definitions, where EVs refer to both battery-electric vehicles and well as plug-in hybrid
vehicles. Advanced biofuels include fuels yielded from conversion technologies that currently are not yet

commercially deployed (i.e. are in the research and development, pilot, or demonstration phase).

12 Note this includes only CO; savings related to thermal coal. From 2015-2040, cumulative emissions captured

across both thermal and metallurgical coal rise to 52 GtCO2. IEA, World Energy Outlook Special Report: Energy and
Climate Change015, 115-122,
https://www.iea.org/publications/freepublications/publication/WEQ2015SpecialReportonEnergyandClimateChang
e.pdf.

13 For the purpose of CCS, the IEA uses “large-scale” or “industrial-scale” to describe projects capable of capturing

at least 1 MtCO; per year. See http://www.iea.org/topics/ccs/ and IEA, WEO 20152015, 45, Table 1.5.
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also seeing notable activity. China in particular dominates — for example, accounting for half of the

740 GW of CCS-equipped power generation capacity that emerges through 2040 in the 450 Scenario
(versus 0.1 GW of CCS-equipped generation capacity as of 2014).1

1 Ina2°Cdelays in CC8eployment couldrequire 2035 thermal coal consumptioto be lowerby
25% Delays in CCS deployment can significantly steepen the required reductions in coal
consumption by 2035 in a 2°C scenario. For example, in the 450 Scenario of the IEA 2014 World
Energy Outlookhermal coal consumption declines from a 2012 level of 4443 million tonnes of coal
equivalent (mtce) to a 2035 level of 3085 mtce'®; should the introduction of large-scale CCS be
delayed from 2020 to 2030, 2035 thermal coal consumption would have to be reduced by another
800 mtce (i.e. by ~¥25%) in order to maintain an even chance of a 2°C emissions trajectory.

1 Knockon effects from delayed CCS deploymdot oil and gasBy affecting the trajectory of coal
and gas consumption in a 2°C, CCS deployment has knock-on implications for the permissible level of
oil consumption. In the event of delays in CCS deployment, oil and gas consumption must decline
even further in order to stay within a given carbon budget (even assuming reductions in coal
consumption). The IEA has previously estimates risks to 2035 oil consumption of 1.3 mbpd, and
risks to revenues from fossil-fuel producing countries of $1.35 trillion, as a result of large-scale CCS
deployment being delayed from 2020 to 2030.%°

1 Lower population or economic growth would also reduce fossil fuel demand and emissions
Relative to the 2014 IEA New Policies Scenario, Carbon Tracker’s Low-Demand Scenario sees a
reduction in 2015-2035 cumulative CO; emissions from oil, gas, and thermal coal of 49 GtCO; (i.e.
7%) and the IEA 450 Scenario sees a reduction in 2015-2035 cumulative CO, emissions of 134 GtCO,
(i.e. 20%). Note that these CO; reductions result from projected changes in energy intensity and
carbon intensity, rather than from differences in assumed population or economic growth rates.”
Inasmuch as such rates materialize below IEA assumptions, however, this could provide another
pathway to lowering demand for fossil fuels and consequent CO, emissions.

141EA, WEO 2015Table 8.6, 331.

5 1EA, WEO 2014“Annex A: Fossil-fuel supply,” 604.

18 1EA, World Energy Outlook Special Report: Redrawing the Ex@ingyate Map 10 June 2013, Figure 2.21, 80.
17 |EA, WEO 2014Table 1.1 and Table 1.2.
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Combining ourlong-term projections of fossitfuel demand

Drawing on our Carbon Supply Cost Curve reports,'® here we compile our previous demand estimates
into a full-fledged set of regional and global energy demand projections by fuel through 2035. The
purpose of our “Low-Demand Scenario” (LDS) is to thoroughly account for key risk factors which may
depress future demand for fossil fuels. Though the LDS covers all regions and sources of global energy
demand, we vary our regional focus across fuels in order to highlight developments of chief interest to
investors. Hence we focus on the global market for oil and key regional markets for gas (North America,
Europe, LNG) and thermal coal (the seaborne export market, and the domestic markets of China the
United States, South Africa, Russia, and Indonesia). We benchmark the LDS against the New Policies
Scenario (NPS) and 450 Scenario from the International Energy Agency (IEA) 2014 World Energy
Outlook®

Tablel Estimates of average 204235 demand fothermal coal, oil, and natural gas

Oil demand (mbpd) 2015-2035 avg. demand 2035 demand level
2014 NPS LDS 450 NPS LDS 450
Total World Oil Demand 92.4 98.3 93.2 88.0 102.8 90.3 77.9
CTL and GTL 0.3 0.8 0.8 0.7 1.9 0.7 0.6
Processing Gains 2.2 2.7 2.6 2.5 3.0 2.8 2.6
Net World Oil Demand 89.9 94.8 89.8 84.7 97.9 86.8 74.7
Natural gas demand (bcm) 2015-2035 avg. demand 2035 demand level
2014 NPS LDS 450 NPS LDS 450
North America 938 1040 1016 954 1141 1098 900
Europe 548 651 609 596 759 644 610
LNG export 333 520 496 487 699 666 632
Thermal Coal demand (Mt) 2015-2035 avg. demand 2035 demand level
2014 NPS LDS 450 NPS LDS 450
Seaborne export 993 1132 774 771 1240 771 513
US domestic 757 621 548 468 514 400 305
China domestic 3040 3358 3003 2067 3241 2803 1489
India domestic 534 738 699 662 988 826 636

Note: LNG exports and seaborne thermal coal exports are netted out from regional and national demand totals.
Source: IEA, BP Statistical Review of World Energy 2015, Institute for Energy Economics and Financial Analysis, Carbon Tracker analysis of
Rystad Energy UCube database and Wood Mackenzie Global Economic Model.

18 previous Carbon Tracker surveys of fossil-fuel demand (all available at www.carbontracker.org) include: (1)

Energy Transition Advisors and Carbon Tracker Initiative, Oil demand: Comparing projections and examining key
risks May 2014; (2) Carbon Tracker Initiative (CTl) and Institute for Energy Economics and Financial Analysis

(IEEFA), Thermal cohdemand: comparing projections and examining riSkgtember 2014; and (3) Energy
Transition Advisors and Carbon Tracker Initiative, Gas demand: Comparing scenarios and examining figdis
2015.

19 For detail on these scenarios see Appendix A. International Energy Agency (IEA), World Energy Outlook 2014
(WEO 2014p014, http://www.worldenergyoutlook.org/publications/weo-2014/IEA.
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Oil demand

Oil use is pervasive in the world economy - chiefly as a fuel for transport, but also as feedstock for
petrochemical production, a source of heat for buildings, and, in some regions, even a fuel for power
generation. Oil demand has grown from 76.3 million barrels per day (MBPD) in 2000 to 92.4 MBPD in
2014 (for a compound annual growth rate, or CAGR, of 1.4%).%° The most recent available data has oil as
the source of 31% of global primary energy demand and 34% of global energy-related carbon-dioxide
(CO,) emissions.?! If the world is to control future climate change within responsible levels (i.e. the
widely- cited 2 degrees Celsius, or 2°C, limit), the trajectory of future oil demand will figure centrally in
this challenge.

Figurel Oil demand by sector, 2012 (million barrels per day)
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Petrochemicals |IE—
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Buildings |

International bunkers*** | I————
Power generation |
OtherIndustry |EE—————
Other transport**** | ————
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Navigation [
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million barrels per day

*Includes light-commercial vehicles and freight trucks. **Includes agriculture, transformation, and non-energy use (mainly bitumen and
lubricants). ***International marine and aviation bunkers (note that total for “Aviation” refers only to domestic aviation). ****Includes road,
rail, pipeline, and non-specified transport.

Source: IEA, Carbon Tracker analysis 2014

The Low-Demand Scenario sees flat growth in global oil demand through 2035. Relative to the New

Policies Scenario, the Carbon Tracker Low-Demand Scenario assumes greater improvements in demand-
side energy efficiency (particularly in transport), broader deployment of renewable energy technologies
in power generation, and modesty faster uptake of biofuels and electric vehicles within transport.?? As a

202000 data from International Energy Agency (IEA), World Energy Outlook 2014 (WEO 20 P4}is: OECD/IEA,
2013, 505 http://www.worldenergyoutlook.org/publications/weo-2013/IEA. 2014 data from IEA, Oil Market
Report 2015, http://omrpublic.iea.org/currentissues/fullpub.pdf.

21 Data is for 2013 from IEA, WEO 2015"“Annex A - Tables for Scenario Projections.”

22 Though not quantified here in terms of impact, we also see downside risks for demand from air quality
regulations in China and South Asia suppressing growth in car ownership below expectations, as well as from
faster-than-expected removal of fossil-fuel subsidies (particularly in oil-consuming nations in Asia). For more
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result, through 2035 global demand for oil averages 93.2 million barrels per day (MBPD), just above the
2014 level of demand.? The medium and long-term trajectory of global oil demand depends on a tussle

between growth in emerging markets (principally in Asia) and declines in developed markets. In the
LDS, transport efficiency limits the increase in oil demand even as hundreds of millions of new cars and
trucks hit the road in China, India, and other Asian countries (causing global oil demand to peak in 2020).
Note, however, that to control climate change to 2°C global oil demand must decline far more rapidly
than in the LDS; for example, the LDS 2035 demand level of 90.3 MBPD is 12.3 MBPD (16%) above the
level in the IEA’s 450 Scenario. As discussed below, lowering 2035 oil demand to 78 MBPD requires,
among other measure, more efficient vehicles and accelerated deployment of electric vehicles and
biofuels.

Figure2 Global oil demand in Carbon Tracker EDamand Scenario vs. IEA New Policies and 450 Scenario20351@nbpd)

120
100
2000-2012 CAGR=1.2% /
& 80
©
]
o
©w
2 60
©
o)
c
9
E 40 2012-2035 CAGRs
New Policies Scenario = 0.6%
20 Low-Demand Scenario= 0.1%
450 Scenario =-0.6%
0
2000 2005 2010 2015 2020 2025 2030 2035
=== N ew Policies Scenario Low-Demand Scenario 450 Scenario

Source: IEA, Carbon Tracker analysis 2015

2035 vs. 2050 timeframe

Readers of our May 2014 oil report may be surprised to see that in a 2°C scenario global oil demand
averages 85 MBPD and ends up at 78 MBPD. To such readers, we stress the importance of our 2035
timeframe, as opposed to the 2050 timeframe that we used in our May 2014 report. In a 2°C, the IEA

discussion see Energy Transition Advisors and Carbon Tracker Initiative, Oil demand: Comparing projections and
examining key risk$1ay 2014

23 Note that in our companion supply analysis we adjust global oil demand to exclude the portion met by coal-to-
liquids, gas-to-liquids, and refinery gains.
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projects displacement of oil demand (particularly within transport) to ramp up considerably post-2035.

A good example of this dynamic is deployment of electric and plug-in hybrid electric vehicles (i.e. “EVs”).
In a 2°C scenario, the IEA projects EVs to reach 25% of global vehicle sales by 2030, but to exceed 40%
by 2040.%* As a result, displacement of oil demand by EVs — equal to just 2.5 million barrels of oil
equivalent per day (mboepd) in 2035 — grows considerably from 2035-2050. Similar deployment
trajectories for other oil-displacing technologies (e.g. fuel cells and hydrogen-powered vehicles)
contribute to reducing global oil demand in a 2050 scenario to roughly 50 MBPD — or 25 MBPD below
the 2035 level.

Below we discuss reasons why electric vehicles and other oil-displacing technologies may proliferate
more rapidly than the IEA projects. That said, average 2015-2035 demand levels should not obscure the
direction of travel in a 2°C scenario. In the case of oil, such a scenario means that global demand must
decline over 15% by 2035 and nearly 50% by 2050.

Thermal Coal
In our September 2014 report we argued that global demand for thermal coal has entered into a
structural decline and will peak prior to 2020 (coincident with a peak in China’s thermal coal demand).?

Figure3 Global thermal coal demand in Carbon Tracker-Damand Scenario vs. IEA New Policies and 450 Scenarios, 2012
2035 (mtce)
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Source: IEA, IEEFA, Carbon Tracker analysis 2015

24 World Energy Outlook Special Report: Energy and Climate Ghange122-124.

ZCarbon Tracker Initiative and Institute for Energy Economics and Financial Analysis (IEEFA), Thermal coal demand:
comparing projections and examining risksptember 2014, http://www.carbontracker.org/wp-
content/uploads/2014/09/Coal-Demand-IEEFA-complete.pdf.
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Developments since publication have strengthened our conviction on the structural headwinds set to
constrain thermal coal demand. These include the Intended Nationally Determined Contribution (INDC)
plans submitted by the three-largest coal consumers — China, the United States and India. Key targets in
these plans (analyzed later in this report) — such as for peaks in CO, emissions, reductions in CO,
intensity, and increases in nuclear and renewable energy deployment — are all poised to suppress
demand for thermal coal. Other recent data points from the largest coal-consuming countries include:

9 China’s goal of reducing the coal share in its energy mix from ~66% currently to 62% by 2020;
through the first eight months of 2015, Chinese coal imports had fallen 31% and domestic
output had declined by 4.8%%

9 Sustained displacement of coal by natural gas in the US power sector; in July 2015, for just the
second time on record gas surpassed coal as the leading fuel in the US power mix?’

9 India’s energy minister declaring a goal of using increased domestic coal production as well as
within the next year

an

renewable energy deployment to phase out India’s thermal coal imports

or two”?8

We focus our analysis chiefly on the domestic markets of the US and China as well as the seaborne
export market; collectively representing roughly 75% of global thermal coal demand, these markets also
contain the assets most relevant to private investors. For Carbon Tracker’s Low-Demand Scenario as
well as the IEA New Policies and 450 Scenarios, the table below compares the average 2015-2035
demand level and annual 2035 demand level against 2012 demand. We also include analysis of India’s
domestic thermal coal demand, contained in Appendix D.

Table2 % reductions relative to 2012 demand level by scenario

20152035 avg. demand 2035 demand level

NPS LDS 450 NPS LDS 450
Export seaborne 14% -22% -22% 25% -22% -48%
US domestic* -15% -25% -36% -30% -45% -58%
China domestic 8% -3% -33% 5% -10% -52%

Source: IEA, IEEFA, Carbon Tracker analysis 2015

26 Matthew Carr, “EU Coal has Worst Quarter in 7 years as Nations Shun Fuel,” Sep 30 2015,
http://www.bloomberg.com/news/articles/2015-09-30/eu-coal-set-for-worst-quarter-in-7-years-as-nations-shun-
fuel

27 Carr, “EU Coal has Worst Quarter in 7 years as Nations Shun Fuel.

28 Rajesh Kumar Singh, “Coal Revival Seen Fading as India’s Rising output Trims Imports,” Bloomberg Businessug
12 2015, http://www.bloomberg.com/news/articles/2015-08-12/coal-revival-seen-fading-as-india-s-rising-output-
trims-imports. Ben Potter, “India won’t need Australian coal after 2020, analyst says,” AFR Weekendug 10 2015,

http://www.afr.com/business/mining/coal/india-wont-need-australian-coal-after-2020-analyst-says-20150810-
givhmm
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Relative to the IEA New Policies Scenario, lower demand levels in Carbon Tracker’s Low-Demand

Scenario reflect, among other things:

vk wNe

Gas

A longer assumed useful life for renewable generation capacity;

Greater technology advances driving higher capacity factors for wind and solar

Greater capital cost reductions for onshore wind and solar PV driving stronger installations;
Continuation of the recent trend of increased coal taxes at point of use; and

Faster removal of fossil-fuel subsidies

Gas is the only fossil fuel in which the Low-Demand Scenario projects continued demand growth

through 2035. The relatively stronger outlook for gas relative to thermal coal and oil relates to:

1.

6.

lower combustion carbon content, which favors coal-to-gas switching in the US, Europe, and
other power markets subject to CO; regulations;

absence of sulfur-dioxide and mercury emissions, which favors coal-to-gas switching in China,
India, and other heavily polluted Asian nations;

the low shares of gas in the overall energy mixes of China (4% of total 2012 primary energy
demand) and India (10% of total 2012 primary energy demand), creating ample room for
growth;

Diversity of applications that give gas a material share of global demand across multiple sectors
(power generation, industry, buildings), whereas two-thirds of oil demand is tied to transport
and three-fourths of thermal coal demand to power generation;

Increasing ability for gas-poor nations (particularly in Asia) to access gas supplies via new
pipelines as well as expanded LNG trade; and

Growth in supplies of unconventional gas constraining North American gas prices

That said, the 2012-2035 average CAGR of global gas demand in the Low-Demand Scenario is below that
in the 2014 New Policies Scenario. This delta between the two scenarios reflects the Low-Demand

Scenario assuming greater investments in energy efficiency and accelerated cost reductions for

renewable energy technologies. For example, relative to the 2014 New Policies Scenario the Low-

Demand Scenario emphasizes:

¢ Decoupling of GDP growth and power demand in major economies

¢ The restructuring of energy markets, reducing dependence on base load, and increasing off-
grid generation

¢ Onshore wind and solar PV finding cost-competitive applications in a growing number of
markets number of major markets

¢ Improved efficiency of use for heating buildings

Within the Low-Demand Scenario, 2012-2035 CAGRs vary significantly across regions — from 0.4% for
Europe, to 1.0% for North America, and 3.5% for LNG. Rapid projected growth in LNG demand reflects
in part large increases in LNG consumption from China and India.
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Figure4 Global natural gas demand in Carbon Tracker-Demand Scenario vs. IEA New Poliaies450 Scenarios, 202035
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Source: IEA, Carbon Tracker analysis 2015
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2015-2035 2°C global carbon budget d651-593 GICQ

To achieve at least a 50% chance of limiting climate change to 2°C, Carbon Tracker has previously
written of a 2013-2049 global “carbon budget” for energy-based emissions of 1075 billion tons of CO,
(i.e. 1075 GtCO;). Basing off of the IEA’s 450 Scenario, from 2015-2035 the 2°C global carbon budget for
energy-based emissions is 593 GtCO,. For comparison, 2014 global emissions from the burning of fossil
fuels were 32.2 GtCO,. In a 2°C scenario such emissions must go to 22 GtCO, by 2035, and then to
roughly 17 GtCO; (i.e. less than half of current levels) by 2050. By 2075-2100 energy-related CO,
emissions in 2°C scenario must approach 0 GtCO; per year.

Figure5 Cumulatie CQ emissions by scenario, 262635 (GEQ)
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Source: IEA, Carbon Tracker analysis 2015
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budgetto exclude 42 @Q of emissions related to metallurgical coal (i.e. coking cedi)ch, owing to

its essential role in steelmaking, faces less@nm demand risk than does thermal coal in a climate
constrained scenarié® The result is a 203%°C global carbon budgef 651 GCQ, with 33% of

2 Thermal coal (i.e. steam coalcounts for nearly 80% of current global coal demand. It is mainly used for heat
production or steam-raising in power plants (70%) and, to a lesser extent, in industry (15%). Typically, thermal coal
is not of sufficient quality for steel making. It is often referred to as steam coal. Metallurgical coal (i.e. coking coal)
accounts for around 15% of global coal demand. Its composition makes it suitable for steel making (as a chemical
reductant and source of heat), where it produces coke capable of supporting a blast furnace charge. Ligniteaccounts
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cumulative emissions coming from thermal coal, 40% coming from oil, and 27% coming from natural

gas. Carbon budgets excluding met coal emissions are emphasized throughout this study.
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Note that in our companion supply analysis we focus only on thermal coal production that is captured in
Wood Mackenzie’s Global Economic Model (as of 2015, equivalent to 76% of global thermal coal
production) as well as the domestic coal market of India; within gas, we focus only on the markets of
North America and Europe, and well as the liquefied natural gas (LNG) market (collectively, these three
markets cover roughly 53% of 2015-2035 gas-related emissions). Incorporating these adjustments into
our carbon budget reduces the 2035 2°C global carbon budget by 105 Gt, and brings the 2°C global
carbon budget for energy-related emissions to 446 GtCO,. For more discussions, see Appendix C.

Figure6 Adjusted 2018035 450 Scenario global carbon budgedQGj
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Note: “Non-modeled Gas and Thermal Coal” refers to emissions from potential thermal coal and natural gas production in markets that either
are omitted from our supply databases or in markets of secondary interest to investors. Source: IEA, Carbon Tracker 2015 analysis of data from
Wood Mackenzie Global Economic Model, Wood Mackenzie Coal Market Service, and Rystad UCube database

for 5% of global coal demand. Its low energy content and usually high moisture levels generally make long-distance
transport uneconomic. Over 90% of global lignite use today is in the power sector.
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Low-Demand Scenario shows continuation of flaline in global CO, emissions
In 2014 global energy-related emissions of CO, were 32.2 billion tons. This was unchanged from the

2013 level, prompting the IEA to note “the first time in 40 years in which there was a halt or reduction in
emissions of the greenhouse gas that was not tied to an economic downturn.” In our Low-Demand
Scenario annual global CO, emissions remain near current levels through 2035, as modestly lower
emissions from coal and oil compensate for rising emissions from natural gas. This marks a structural
change from the years since 1990, when annual global CO; emissions have increased at 1.9% per year.

Comparing the2°C globalcarbon budget againsemissions in the LDS and NPS

In Carbon Tracker’s Low-Demand Scenario global CO; emissions remain essentially flat relative to current
levels, as modestly lower emissions from coal and oil are offset by rising emissions from natural gas.
Relative to the IEA’s New Policies Scenario, Carbon Tracker’s Low-Demand Scenario sees a reduction in
cumulative 2015-2035 global emissions of 49 GtCO,; staying within the 2°C global carbon budget,
however, requires reducing cumulative emissions over this period by another 85 GtCO,. Note that two-
thirds of emissions-savings in the LDS relate to reduced thermal coal use; in the 450 Scenario,
incremental emissions-savings still largely relate to coal (62% of total savings) but having somewhat
more relationship to reduce consumption of oil (21% of total savings) and gas (17% of total savings).

Figure7 Global eergy-sectorCQ emissions, 2012035
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Source: IEA, Carbon Tracker analysis 2015
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Drivers of emissionssavingsin the Low-Demand and 450 Scenarios

Achieving a 2°C scenario will require the world’s major energy-consuming regions to rapidly change the
way they produce and consume energy. Snapshots of such changes are captured in Appendix B.

In our recently-published paper Lost in Transitioli paper, we examined the assumptions underpinning
long-term projections of continued robust growth in demand for energy in general and fossil fuels in
particular. We analyzed how projections of growth in fossil-fuel demand (and hence CO; emissions)
depend on assumptions relating to the variables below:

1. Population growth (and within that urbanisation rates)
2. GDP growth and energy intensity of GDP

3. Carbon intensitywhich is obviously determined by:

a. Renewable energy penetration ratgand factors that determine that)

b. Transformative factors like energy storage

Cc. Downside demand factors of the coal sector, specifically China and India

d. Downside demand factors of the oil sector, specifically EVs and efficiency gains in the
transport sector

€. Downside demand factors in the gas sector, specifically substitution by renewablesand
the move from base load to variable generation

In the analysis below, we examine how these variables affect energy demand and CO, emissions in the
New Policies, Low-Demand, and 450 Scenarios. From the list above, those variables in bold are the ones
that we emphasize in the analysis below.!

30 see Carbon Tracker Initiative, Lost in Transition: How the ergy sectoits missing potential demardkstruction
Oct 2015, http://www.carbontracker.org/report/lost_in_transition/

31 Note that this excludes assumptions relating to population growth and GDP growth, which we address at the
end of this report. In the 2014 World Energy Outlook, through 2035 the IEA assumes average real global GDP to
grow at 3.4% per year and average population growth of 0.9% per year.
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Allocating CQ emissions savingacross different measures

Taking the IEA’s 2014 New Policies Scenario as a starting point®?, the figure below allocates 134 GtCO; in
cumulative 2015-2035 emissions-reduction across different drivers. We group savings into three
different categories:

9 Energy efficiency, which includes both more efficient production (e.g. via increases in thermal
power plant efficiency) and consumption (e.g. via more efficient consumer appliances)

i Fuel-switching, which includes displacement of thermal power generation (e.g. by renewable or
nuclear generation), displacement of fossil fuels in end-use applications (e.g. heating), and
displacement of oil-based transport fuels by biofuels and electric vehicles

9 Carbon capture and sequestration (CCS), which is deployed to reduce emissions from coal and
gas in power generation and industry

Figure8 AnnualCQ emissions savings by measure in the LDS and 450 Scenaric203812
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Note: LDS savings are relative to NPS; 450 savings are relative to LDS Source: IEA, Carbon Tracker analysis 2015

Relative to the IEA’s 450 Scenario, the Low-Demand Scenario captures half of the 2035 emissions-
reduction savings attributable to energy efficiency, more than half of those attributable to fuel-

32 Despite seeing annual energy-related CO, emissions increase through 2035, the 2014 New Policies Scenario does
see roughly 45 GtCO2 of 2015-2035 cumulative CO: savings relative to the Current Policies Scenario (i.e. a scenario
in which policies remain exactly the same as today). The largest share of these savings (~40%) relates to greater
end-use efficiency (in buildings, industry, and transport), with the remainder of savings relating to renewable
deployment, supply-side efficiency, energy service demand, biofuels, nuclear, other fuel-switching, and very
limited CCS deployment. IEA, WEO 2014, Figure 8.18, 312.
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switching, and virtually none of the savings attributable to CCS. The figures and tables below provide

additional detail on the drivers of CO, savings in the Low-Demand and 450 Scenarios.

Most of the major initiatives required to achieve a 450 Scenario are already well underway in the Low-
Demand Scenario. Of the additional 85 GtCO; in cumulative savings that the 450 Scenario achieves,
three-fourths of these savings relate to three areas: (1) continued advances in energy efficiency
(particularly in transport); (2) deployment of an additional 200 GW of nuclear generation; and (3)
widespread deployment of CCS technology. Inasmuch as advances in any of these areas fail to keep
pace with the rate of deployment projected in the 450 Scenario, other emissions-savings initiatives —
chiefly deployment of renewable power generation, biofuels, and electric vehicles — will have to ramp
up even more in order to maintain a 2°C emissions trajectory.

Figure9 Breakdown of£Q savings in LoviDemand Scenari@elative to New Policies Scenatfiy)activity 20152035 (GEQ)

= Energy efficiency - electricity = Energy efficiency - other fuels = Wind and solar PV

Other renewables = Biofuels m Electric vehicles

Note: Excludes emissions related to metallurgical coal. Source: IEA, Carbon Tracker analysis 2015
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Table3 Measures to reduc€Q emissionsn the LowDemand Scenariand savings relative to the New Policies Scen2fa5

2035
Measure

Energy efficiency - electricity

Energy efficiency - other fuels

Wind and solar PV

Other renewables

Nuclear

Hydro

CCS power

CCS industry

Biofuels

Electric vehicles

Total

Emissions savings (GtCO,)

15

11

13

49

Activity
End-use efficiency and more efficient power plants limit annual
growth in electricity demand to 1.3%
More fuel-efficient vehicles and improvements in building
design/operation limti annual growth in transport and buildings
energy demand to 0.8%

Installed wind power capacity grows from 367 GW to 1363 GW,
and share of global electricity mix increases from 3.6% to 10%.
Installed solar PV capacity grows from 175 GW to 957 GW, and
share of global electricity mix increases from 0.9% to 3.8%.

Installed "other renewables" capacity grows from 112 GW to 505
GW (chiefly due to investment in bioenergy and CSP), and
share of global electricity mix increases from 2.2% to 7.2%.
World adds 163 GW of nuclear capacity and share of global
electricity mix remains ~12%, in line with NPS.

World adds 471 GW of hydro capacity and share of global
electricity mix remains ~16-17%, in line with NPS.

Minimal large-scale CCS deployment through 2035 results in
cumulative CO2 capture < 1 Gt, in line with NPS.

Minimal large-scale CCS deployment through 2035 results in
cumulative CO2 capture < 1 Gt, in line with NPS.

Biofuels scale up from 1.2 mboepd (2% of transport energy
demand) to 5.8 mboepd (9% of transport energy demand).

EV sales begin to accelerate post-2020, and cumulative EV fleet
grows from <1MM today to 275MM in 2035 (for a 3% share of
transport energy demand)

Note: Excludes emissions related to metallurgical coal. Savings represent reduction in 2015-2035 cumulative CO2 emissions relative to the New

Policies Scenario. Source: IEA, Carbon Tracker analysis 2015
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Figurel0Breakdown of£Q savings in 450 Scenario (relative to EBemand Scenario) by activity, 262635 (GEQ)

N\
v

Note: Excludes emissions related to metallurgical coal Source: IEA, Carbon Tracker analysis 2015

= Energy efficiency - electricity
= Energy efficiency - other fuels
= Wind and solar PV
Other renewables
= Nuclear
= Hydro
m CCS power
m CCS industry
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m Electric vehicles

m Other fuel-switching
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Table4 Measures to reduc€Q emissions in the 450 Scenario and savings relative to theDiemmand Scenario, 202935

Measure Emissions savings (GtCO,)

Energy efficiency - electricity 6
Energy efficiency - other fuels 20
Wind and solar PV 2
Other renewables 1
Nuclear 6
Hydro 4
CCS power 15
CCS industry 9
Biofuels 2
Electric vehicles 2
18

Total 85

Activity
Further gains to reduce 2012-2035 CAGR to 1.0%

Further gains to reduce transport CAGR to 0.4% and buildings
to 0.6%

Additional 191 GW of wind bring 2035 share of global
electricity mix to 12.2%. Additional 137 GW of solar PV bring
2035 share of global electricity mix to 4.6%.

Additional 72 GW of "other renewables" increases 2035 share
of global electricity mix to 8.8%.

Additional 200 GW of nuclear increase share of 2035
electricity mix to 17%.

Additional 260 GW of hydro increase share of 2035 electricity
mix to 20%.

Addition of CCS-enabled plants averages 20 GW/yr in 2020s
and 50+ GW/yr in 2030s; by 2035, nearly 500 GW of global
CCS capacity, equal to 12% of total fossil-fuelled power
generation capacity.

Beginning in 2020s, widespread CCS deployments in the
production of cement/chemicals/paper, oil refining, gas-to-
liquids, and natural gas processing

Additional scale-up results in 2035 biofuels of 7.3 mboepd
(13% of transport energy demand). Advanced biofuels (e.g.
from non-food, cellulosic feedstocks and algae) reach
commercial scale in 2020.

2035 EV fleet reaches 350MM vehicles (4% of transport
energy demand)

Coal-to-gas switching in power generation; displacement of
coal and liquid fuels in industry and building applications

Note: Excludes emissions related to metallurgical coal. Savings represent reduction in 2015-2035 cumulative CO2 emissions relative to the Low-

Demand Scenario. Source: IEA, Carbon Tracker analysis 2015
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Energy efficiency

Of the 134 GtCO, reduction in 2015-2035 cumulative CO, emissions (relative to the New Policies
Scenario) required in a 2°C scenario, 40% of this total is related to more efficient use of energy. 26

GtCO; in efficiency savings in the Low-Demand Scenario represent roughly 42% of the efficiency-related
CO; reductions required for a 2°C pathway. Relative to 2012, in the Low-Demand Scenario by 2035 the
global economy uses 46% less primary energy per dollar of GDP (vs. 40% less in the New Policies
Scenario and 53% less in the 450 Scenario). This will require a step change in the rate of energy intensity
improvements in the global economy. From 1990-2012, energy intensity of the global economy
declined at an annualized rate of -0.7%; from 2012-2035, global energy intensity declines at four times
this rate in the Low-Demand Scenario (i.e. by -2.7%) and five times this rate in the 450 Scenario (i.e. by -
3.2%).3

Figurell Energy intensity of the global economy, 129B5
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Note: Energy intensity calculated as total primary energy demand (in million tons of oil equivalent) per dollar of global gross domestic product
(in constant 2005 US dollars). Index values have been rebased to have a value of 100 in 2012.  Source: IEA, Carbon Tracker analysis 2015
Achieving these reductions will require robust investments in energy efficiency throughout every region
and sector. On the demand-side, pathways to increased energy efficiency include:

0 Buildings: More efficient building envelopes via better windows, roofs, and insulation that
lower demand for space heating and cooling; more efficient appliances (e.g. for cooling,
heating, lighting, and cooking); and using electricity instead of gas or liquids fuels to heat
spaces and water.

A LDS efficiency measures reduce 2035 building energy consumption by ~5% relative
to the New Policies Scenario. By 2035, combined annual efficiency savings across

33 For more detail on the likely drivers of these changes, see Carbon Tracker’s Oct 2015 Lost in Transitiomneport.
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both the LDS and 450 scenarios are equal to 128 MTOE3* — an amount equal to 25%
of the energy consumption of all US buildings in 2012.

0 Transport: Reductions in fuel use per mile driver due to lighter and more aerodynamic
materials, less-resistant tires, and improvements in key vehicle components (e.g. dual-clutch
transmissions and g. advanced combustion technologies, and variable valve actuation and
lift)

A LDS efficiency measures reduce 2035 global energy consumption in transport by
roughly 10% relative to the New Policies Scenario, saving the equivalent of 6.7
million barrels of oil per day; to achieve a 450 scenario requires improved efficiency
measures capable of saving another 6.7 mbpd of oil. Combined 2035 efficiency
savings across both scenarios are equal to one-fourth total 2013 transport oil
demand of 48.7 mbpd.

0 Industry: Widely applicable improvements such as more efficient motors, boilers, furnaces
and refrigeration units, as well as industry-specific improvements such as more efficient
steam crackers (petrochemicals), rollers mils and dry kilns (cement), and digesters and
presses (pulp and paper).

0 Power generation: Proliferation of energy-efficient devices limits growth in global power
demand in the LDS to a 2015-2035 CAGR of 1.3% (versus 1.6% in the New Policies Scenario
and 1% in the 450 Scenario).®* LDS efficiency measures reduce 2035 power demand by 7%,
saving the equivalent 6,000 Terawatt-hours (TWh); in a 450 Scenario, 2035 demand would
fall by an additional 4,400 TWh. Combined 2035 savings across the LDS and 450 Scenarios
of 10,400 TWh are equal to total 2012 US power consumption.

34 This excludes electricity and heat used in buildings
35 Global electricity generation grows at CAGRs of 2% in LDS, 2.2% in NPS, and 1.8% in 450 Scenario.
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Figurel2 Comparison of changes in energy demand by sector across scenaric203615
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Note: TPED is total primary energy demand. NPS refers to the New Policies Scenario, LDS to the Low-Demand Scenario, and 450 to the 450
Scenario. “Other” includes energy used in industry, the non-power energy sector, and agriculture. Source: IEA, Carbon Tracker analysis 2015

Table5 Compound annual growth rates (CAGRs) for energy demand by scenario

1990

2012 NPS LDS 450
TPED 2.0 1.3 0.8 0.2
Power Generation 2.7 1.6 1.3 1.0
Transport 2.1 1.2 0.8 0.4
Buildings 1.2 1.0 0.8 0.6

Source: IEA, Carbon Tracker analysis 2015

Deeper dive on building energy efficiency

How efficiently the world’s energy resources will be using over the coming decades will largely be
determined by investments that are being made now. The figure below illustrates this point by
examining stock lifetimes and replacement opportunities for key energy-related appliances and
infrastructure in the United States through 2050. Through 2050, even the item with the greatest
number of replacement opportunities (electric lighting) will see only four replacements (with only two of
these occurring before 2035); conversely, residential buildings constructed in the US today are projected
to see zero replacements through 2035.
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Electric lighting 4 replacements
Hot water heater 3 replacements
Space heater 2 replacements
Light duty vehicle 2 replacements
Heavy duty vehicle 1 replacement
Industrial boiler 1 replacement
Electricity power plant 1 replacement
Residential building 0 replacements
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Equipment/Infrastructure Lifetime (Years)

Source: Williams, J.H., B. Haley, F. Karhl, J. Moore, A.D. Jones, M.S. Torn, H. Mcleon (2014). Pathways to deep decarbonization in the United
States. Figure 62.

Fortunately, major building owners in the US and elsewhere are beginning to prioritizing greater
investment in energy efficiency. The strongest evidence for this comes from the Urban Land Institute’s
Greenprint Performance Rep¥yt‘the largest global collection of transparent, verifiable, and
comprehensive property data that provides aggregate benchmarks and performance trends for the real
estate industry.” Since its inception in 2009, the Greenprint Performance Repdiis collected historical
data on the energy consumption, electricity consumption, and CO.e emissions of 973 properties
throughout the world.3” On a “like for like” basis®®, from 2009-2014 the overall electricity consumption
of these properties declined by 12.7%, the overall energy consumption by 11.0%, and overall CO,e
emissions by 10.8% (even as the cost of energy over this period has also decreased).®® Greenprint notes
that the volume of CO,e emission-reductions from these properties since 2009 (223,000 metric tons) is
equivalent to nearly 47,000 cars taken off the road.

36 ULI Greenprint Center for Building Performance, “Greenprint Performance Report Volume 6,” 2015,
http://uli.org/wp-content/uploads/ULI-Documents/Greenprintperformancereport6.pdf

37 These properties include office, retail, industrial, multifamily housing, and hotels.

38 3 specific year-over-year analysis of the current year’s properties that also have data from the previous year,
with at least 350 days of data available for each year.

39 For a larger sample of nearly 3,500 properties, from 2013-2014 Greenprint recorded year-over-year declines in
electricity consumption of 3.3%, in overall energy consumption by 2.7%, and in overall CO2e emissions by 2.0%.
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Figurel4 Summary of 2002014 changes in building data in Greenprint Performance Report
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Complying with a 2°C scenario, however, will require buildings throughout the world to accelerate their
pace of reductions in energy use and carbon emissions. By measuring the normalized emissions
intensity of a representative portfolio of buildings*’, the Greenprint Carbon Index (GCX) provides
information on the global real estate community’s investments in energy-efficiency and other carbon-
reduction strategies. Greenprint estimates that achieving a 2°C scenario requires GCX emissions
intensity to decline 50% by 2030 relative to the 2009 level. Since 2009 emissions intensity has declined
at an annualized rate of 2.2%*'; meeting a 2°C 2030 goal, however, will require emissions intensity to
decline at an annualized rate of 3.6%. Progress to date, however, suggests a range of measures that can
be deployed at scale.*?

40 The GCX is based on the total greenhouse gas emissions divided by the associated total floor area for submitted
properties, measured in kg CO2e/m2. The GCX is weighted by the same property-type proportion for each year of
the index.

41 Note that these reductions have been achieved as a result of fuel-switching in addition to energy efficiency.

42 Citation needed... look at ETP
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Figurel5 Greenprint Carbon Index of building emissions intensity
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Cleaner energy supplies

In addition to using energy more efficiently, the LDS and 450 scenarios also reduce emissions by

Initiative

C arbon Tracker

supplying a greater portion of energy demand through low-carbon energy sources. As of 2014 21% of
global energy demand came from non-fossil sources (i.e. nuclear, hydroelectric, biomass, wind, solar,
geothermal, and other renewable energy sources). In the LDS, by 2035 this share grows to 32%;
achieving a 450 Scenario requires a 2035 non-fossil share of 36%.

Most critical growth is needed in electricity generation. As of 2014, one-third of global electricity
generation comes from non-fossil sources; in the Low-Demand Scenario, by 2035 this share increase to
one-half; achieving a 450 Scenario, however, requires that by 2035 nearly two-thirds of global electricity
generation come from non-fossil fuels.

Figurel6 Gobal Power Generation Mix, 205#d 2035 by scenario (TWh)
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Source: IEA, BNEF, Carbon Tracker analysis 2015

The figures below indicate the growth in low-carbon generation projected in the Low-Demand Scenario,
as well as the incremental growth above these levels required in the 450 Scenario. Through 2027,
growth of non-hydro renewable generation in the Low-Demand Scenario matches the level of growth
required in a 450 Scenario (after 2027 the rate of growth falls slightly below 450 Scenario requirements).
Greater discrepancies between to the two scenarios relate to growth in nuclear and hydro generation,
with the 450 Scenario seeing a far stronger ramp-up than occurs in the Low-Demand Scenario.
Additional deployment of nuclear generation is largely concentrated in China, India, and Russia;
additional deployment of hydro generation is concentrated in China, the US, Africa, and Latin America.
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Figurel7 Growth inglobal lowcarbon electricitgeneration relative to 2012 levals LowDemand Scenari@Wh)
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Source: IEA, Carbon Tracker analysis 2015

Figurel8 Additionalgrowth in global lowcarbon electricitygeneration in 45@cenarigelative to LDS20122035(TWh)
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Source: IEA, Carbon Tracker analysis 2015

Note that in the 450 Scenario additional scale-up of global low-carbon electricity generation is required
to compensate for the required decrease in generation from coal (31% lower in 2035 than in 2012) and
oil (73% lower in 2035 than in 2012). Global Gas-fired generation increases in the 450 Scenario, with the
2035 level 21% above the 2012 level.
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Figurel9 Growth (or decline) in fosdilel generation in 450 Scenario, 262@35 (TWh)
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As expected, achieving the increases in low-carbon generation projected in the figures above requires
addition of significant new generation capacity. Relative to 2014 levels, the Low-Demand and 450
Scenarios see the global installed base of low-carbon generation capacity increase 2-3 times, and the
global base of non-hydro renewable generation capacity increase 4-5 times.

Figure20 Installedlow-carbongeneration capacity by technology in LDS and additional incremental requirements for 450
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Source: IEA, Carbon Tracker analysis 2015
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Note that the deployments of renewable and low-carbon energy sources required in even the 450

Scenario are within striking distance of projections made by other analysts. For example, the figure
below compares 2035 global renewable and low-carbon electricity generation generating capacity by
fuel type in the 450 and Low-Demand Scenarios against projections from the Bloomberg New Energy
Finance (BNEF) 2015 New Energy OutloBkthough the projected mix is different in each scenario (with
BNEF projecting considerably more solar PV and slightly more wind, along with less hydro, nuclear,
biomass, geothermal, and CSP), the overall quantity of 2035 renewable and low-carbon electricity
generation in the 450 Scenario is only 24% higher than in the BNEF projection. Though certainly
different, the magnitude of these differences is less than is often suggested.

Figure21 Global renewable and lowarbon power generation by technology in 2035
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Source: IEA, Bloomberg New Energy Finance, Carbon Tracker analysis 2015

Generally speaking, we assume evolution of generation costs in line with those projected by Bloomberg
New Energy Finance in its 2015 New Energy OutlooKhe key takeaway from these projections is the
potential for continued cost reductions in renewable energy versus the limited scope for cost reductions
in coal and natural gas. As discussed elsewhere, this stems from the costs of renewables being
dominated by technology- which innovation can continually decrease — versus the cost of coal and gas-
fired electricity being dominated by the commoditycost of coal and natural gas, which vary over time
but generally show no clear long-term trend.**

43 Bloomberg New Energy Finance (BNEF), New Energy Outlook 20kine 2015,
https://www.bnef.com/dataview/new-energy-outlook/index.html.

4 ]. McNerney, J. Doyne Farmer, and J.E. Trancik, “Historical Costs of Coal-Fired Electricity and Implications for the
Future,” October 2012, http://arxiv.org/pdf/1001.0605.pdf
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Figure22 BNEF projected range in levelized cost of electricity for selected technologies across China, the United States, and
OECD Europe, 202835 (nominal $/MWh)

2015 2025 2035 20152035 CAGR (%)

Coal 52-93 58-105 64-117 1.0-1.2
Natural Gas 50-100 54-94 60-97 -0.2-0.9
Onshore Wind 59-83 51-73 46-68 -1.2--1.0
Utility-scale solar PV 90-129 65-99 52-86 -2.7--2.0

Note: Ranges reflect variation in cost levels and CAGRs across regions.
Source: BNEF, Carbon Tracker analysis 2015
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Electric vehicles and biofuels

Transport accounts for over half of global oil consumption, and behind power generation accounts for a
larger share of global CO, emissions than any other sector. Hence finding options to reduce oil use in
transport is critical. Sound options for displacing oil in transport exist, chiefly in the form of advanced

biofuels and electric vehicles (EVs)*; as of 2012, however, these two alternatives supplied less than 3%
of total energy used in transport (amounting to less than 2 million barrels of oil equivalent per day). In
the Low-Demand Scenario each of these options scales up considerably, so that by 2035 advanced
biofuels and electric vehicles are displacing 7.9 mboepd; in the 450 scenario, by 2035 these options are
displacing 9.9 mboepd. From 2015-2035 advanced biofuels reduce emissions by 2 GtCO; in the Low-
Demand Scenario (relative to the New Policies Scenario) and another 2 GtCO; in the 450 Scenario
(relative to the Low-Demand Scenario).

Figure23 Deployment of advanced biofuels and electric vehicles, 2012 vs: @b&splacement (Ihs) and share of total
transport energy demand (rhs)
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Source: IEA, Carbon Tracker analysis 2015

Other notable aspects of biofuel and EV deployment include:

9 Biofuel deployment is concentrated in the United States, Brazil, and the European Union

9 Inthe 450 Scenario, 30% of increase in biofuel use comes from the aviation sector, where weight
and energy density considerations limit opportunities for batteries or other alternatives to oil (e.g.
natural gas). By 2035-40 biofuels are fulfilling 10% of total energy demand for road transport and
30+% of total energy demand for aviation

4 Here we follow the IEA definitions, where EVs refer to both battery-electric vehicles and well as plug-in hybrid
vehicles. Advanced biofuels include fuels yielded from conversion technologies that currently are not yet
commercially deployed (i.e. are in the research and development, pilot, or demonstration phase).
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9 The largest markets for EVs are China, European Union, India, and the United States. From less than
1% of total annual light-duty vehicle sales currently, in the 450 Scenario EVs reach 25% of total
annual light-duty vehicle sales by 2030 and more than 40% by 2040.% As this happens, EV
deployment extends from early adopting-markets with strong incentives (such as Norway, the
Netherlands, and California) to reach all of the world’s major car markets.

Figure24 2014 EV market share by country
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46 |EA citation

November 2015 45



L 2 4

Energy Transition Advisors
ETA

nitiative

arbon Tracker

C

Figure25 Cumulative electric vehicle fleet in the LDS and 450 scenarios228%2
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Note: Includes both battery electric and plug-in hybrid electric vehicles. Source: IEA, Carbon Tracker analysis 2015

Note that the delayed deployment ramp-up for EVs matches the deployment timetable from other

2034
2035

analyses. For example, in the figure below for the US "deep decarbonization pathway”#’, EVs and PHEVs

only begin to claim a material share of the US light-duty vehicle fleet post-2030. By 2050, however, in

this scenario roughly 75% of all light-duty vehicles in the US are EVs or PHEVs.

47 Williams, J.H., B. Haley, F. Karhl, J. Moore, A.D. Jones, M.S. Torn, H. McJeoPa{B@i4}.to deep

decarbonization in the United States. Figure 17.
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Source: Williams, J.H., B. Haley, F. Karhl, J. Moore, A.D. Jones, M.S. Torn, H. Mcleon (2014). Pathways to deep decarbonization in the United
States. Figure 17.

Faster-than-expected declines in battery costs may enable EVs to scale more quickly than currently
expected. Recent evidence is strengthening the case for such a development, which has implications for
the electric vehicle market as well as stationary energy storage applications.”® The figure below
combines 2014 projections from different sources of $/kWh storage costs for lithium-ion (Li-ion)
batteries, heretofore the dominant battery technology for electric vehicles.** From 2014 costs of
$800/kWh, Li-ion battery costs have declined rapidly; as of publication firms such as Tesla Energy are
selling battery packs at a price of $350-$400/kWh, exceeding even bullish projections for cost-reduction
potential. Should battery costs exhibit such cost-reductions — benefitting not just Tesla but other
automakers as well — EVs may begin to reach scale well ahead of a 2030 timeframe.

48 See Carbon Tracker, Lost in Transitior4-66.

4 The data for this graph is interpretations of projections published by the Rocky Mountain Institute. Report
available: Rocky Mountain Institute, “The Economics of Grid Defection,” 2015
http://www.rmi.org/electricity_grid_defection#teconomics_of grid_defection.

November 2015 47



Energy Transition Advisors arbon TraC ker

ETA
Figure27 Projections of Lion battery storage costs through 2050k%/h
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Country Focus-China India, and the United States

As the primary drivers of growth in global energy demand, the national ambitions of China and India will
heavily influence future consumption of fossil fuels. Hence there is much significance in the INDC
(Intended Nationally Determined Contribution) plans that each of these countries has put forth as part
of the COP-21 round of the UNFCCC negotiations, which set concrete targets for controlling emissions
and deploying non-fossil energy sources. The paragraphs below examine in detail the plans of China,
India, and the United States. Assuming implementation of INDC plans, the IEA projects that global
energy-related CO; emissions will increase to 34.8 by GtCO, by 2030. Hence projected 2030 emissions
under an INDC Scenario are roughly midway between the IEA New Policies Scenario and the Carbon
Tracker Low-Demand Scenario. More significant, however, is that 2030 emissions in the INDC Scenario
are 9.4 GtCO; (i.e. 37%) above emissions in the 450 Scenario; this discrepancy highlights that the
national commitments embodied in the INDC Scenario, though encouraging, mark only partial progress
toward putting the world’s energy system on a 2°C trajectory.*

%0 For more analysis of the global impact of all INDC plans, see the IEA’s recent Energy and Climate Changecial
report IEA, World Energy Outlook Special Report: Energy and Climate Ghan§eChapter 2.
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Figure28 Globalenergyrelated CQ emissions in the INDC, NPS, LDS and 450 Scer$@2030
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Source: IEACarbon Tracker analysis 2015

China

Beginning with China,’! the table below compares key goals within China’s INDC to projections in the
Low-Demand and 450 Scenarios. Both scenarios see China fulfilling all of these targets, although often
in the 450 Scenario China does so sooner (or by a wider margin) than in the Low-Demand Scenario. This
is particularly true with respect to the trajectory of CO; emissions, which is depicted below.

Table6 Comparison of selected China INDC targets against projections{Déraand and 450 Scenarios

Initiative Low-Demand Scenario 450 Scenario
CO; emissions peak in 2030 CO; emissions peak in 2030 CO, emissions peak in 2020
Reduce CO; intensity 45% by CO, intensity declines 55% by CO; intensity declines 63% by
2020 and 60-65% by 2030 2020 and 72% by 2030 2020 and 80% by 2030
(relative to 2005 levels)
Increase the share of non-fossil | Share of non-fossil energy Share of non-fossil energy
fuels in primary energy reaches 26% by 2030 reaches 33% by 2030

consumption to ~20% by 2030
(vs. 12% in 2012)

Achieve 200 GW of installed Installed wind capacity reaches | Installed wind capacity reaches
wind capacity by 2020 (vs. 111 229 GW by 2020 210 GW by 2020

GW in 2014)

Achieve 100 GW of installed Installed solar PV capacity Installed solar PV capacity
solar PV capacity by 2020 (vs. 34 | reaches 133 GW by 2020 reaches 103 GW by 2020

GW in 2014)

51 Climate Action Tracker, “China,” Jul 3 2015, http://climateactiontracker.org/countries/china.html

November 2015 49



A A 4
Energy Transition Advisors
ETA

( Eirt)()r1 _rrii(:hfééf

Develop nuclear power “in a
safe and efficient manner”

From 2012-2035 China adds 105
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From 2012-2035 China adds 183
GW of nuclear capacity (a

Note: Assumes annual growth rates in real GDP of 6.9% through 2020 and 5.3% througB2086: IEAIA,Carbon Tracker analysis 2015

Figure29 China energyelated CQ emissions (excludingmissions fronmetallurgicalcoal), 20122035
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To appreciate the transformation of China’s energy system required in a 450 Scenario, it is worth

considering the figure below. This depicts 2015-2035 cumulative CO, emissions associated with

potential thermal coal production that is not needed under a 450 Scenario. In the case of China,

emissions from unneeded domestic production amount to 55 GtC0O,.>? To put this in context, the 2015-

2035 carbon budget for thermal coal in a 2°C scenario is 180 GtCO;; hence, realization of just China’s

excess total potential thermal coal production through 2035 could on its own exhaust 31% of the 2°C

thermal coal carbon budget. This highlights the importance of China’s commitments to rapidly deploy

low-carbon energy sources to displace thermal coal.

52 CTl supply doc
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Figure30 Total thermal coal emissiom®t needed undea 450 Scenario, 2018035 (GEQ)
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Source: Data from Wood Mackenzie Global Economic Model, Carbon Tracker analysis 2015

Noting that the cumulative impact of China’s existing INDC targets falls short of a 2°C trajectory, the
scale of its commitments is impressive nonetheless. For example, its 2020 targets for cumulative
installed wind and solar PV capacity amount to more than half of all the wind and solar PV capacity in
the world as of 2014. Deployments in line with meeting these targets also align with the projections of
other analysts. For example, despite seeing significant capacity additions, in the Low-Demand and 450
Scenarios China’s 2035 generation capacity mix has less wind and solar PV than in the projection from
BNEF’s 2015 New Energy Outlgs?

3 Bloomberg New Energy Outlook (BNEF), New Energy Outlook 20,1%015,
http://www.bloomberg.com/company/new-energy-outlook/.
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Figure31 Comparison of China 2035 installed electric generation capacity across different scenarios
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India

Shifting to India, the table below compares key commitments from India’s INDC against projections from
the Low-Demand and 450 Scenarios. As with China, both projections see India fulfilling its INDC pledges,
even as fulfillment of these pledges alone falls short of delivering a 2°C trajectory (which requires
energy-related CO, emissions to peak around 2023). Both projections also suggest fulfillment (or near-
fulfillment) of India’s previous commitment to double cumulative installed renewable generating
capacity to 175 GW by 202254, By year-end 2022 cumulative installed renewable generating capacity
reaches 185 GW in the Low-Demand Scenario and 175 GW in the 450 Scenario. Across both scenarios
solar PV and wind account for the majority of new installations.

Table7 Comparison of India INDC targets against projections inlk@wand and 450 Scenarios

Initiative Low-Demand Scenario 450 Scenario
Reduce CO; intensity 20-25% by | CO, intensity declines 34% by CO; intensity declines 27% by
2020 and 33-35% by 2030 2020 and 57% by 2030 2020 and 63% by 2030
(relative to 2005 levels)
Generate 40% of electricity non-fossil share of India’s non-fossil share of India’s
from non-fossil sources by 2030 | electricity generation grows to electricity generation grows to
(vs. 18% as of 2012) 47% by 2030 50% by 2030

Note: Assumes annual growth rates in real GDP of 6.2% through 2020 and 6.6% througB2086: IEA, Carbon Tracker analysis 2015

54 These sources include hydro, wind, solar PV, CSP, geothermal, bioenergy, and marine power. Climate Action
Tracker, “India,” Oct 7 2015, http://climateactiontracker.org/countries/india.html
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Figure32 India energyrelated CQ emissions (excluding emissions from metallurgical ;0122035
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Source: IEA, Carbon Tracker analysis 2015

As with China (albeit on a smaller scale), India’s INDC targets are important to diminish the role of
thermal coal in the country’s energy mix. 2015-2035 emissions from India’s potential domestic thermal
coal production that is unneeded in a 450 Scenario amount to 9 GtCO; (equivalent to 5% of the 2015-
2035 global 2°C carbon budget for thermal coal). For more on India’s domestic thermal coal market, see
Appendix D.

Table8 Cumulative emissions associated with India's needed/unneeded domestic thermal coal production in 450&®cenario
LowDemand Scenarj@0152035 (GEQ)

Unneeded Unneeded
Required to potential Required to potential
meet 450 supply meet LDS supply above
demand above 450 demand LDS
Total 23 9 27 7
New 0.2 7 2 6

Source: IEA, Wood Mackenzie Coal Market Service, Carbon Tracker analysis 2015
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United States

Unlike in India and China, through 2035 total US energy demand is projected to hold steady even in the
IEA New Policies Scenario.>® Given America’s current outsize role in global energy demand®®, however,

its national commitments still have strong potential to affect future fossil fuel demand. The table below

compares key commitments from the US>’ INDC against projections from the Low-Demand and 450

Scenarios, and also includes commitments under the Clean Power Plan. As with China and India, both

projections see India fulfilling its INDC pledges, even as fulfillment of these pledges alone falls short of

delivering a 2°C trajectory.

Table9 Comparison of US INDC targetsl Clean Powerdh against projections in Loemand and 450 Scenarios

Initiative

Low-Demand Scenario

450 Scenario

Reduce CO, emissions 24-26%
by 2025 (relative to 2005 levels)

CO; emissions decline 25% by
2025

CO; emissions decline 37% by
2025

Reduce power-sector CO;
emissions 34% by 2030 (relative
to 2005 levels)*>®

CO; emissions decline 38% by
2030

CO; emissions decline 71% by
2030

Generate 20% of electricity
from non-hydro renewable
sources by 2030 (vs. 7% as of
2014)

non-hydro renewable share of
US electricity generation grows
to 21% by 2030

non-hydro renewable share of
US electricity generation grows
to 24% by 2030

*EPAestimate of impact of Clean Power Plan implementation Source: IEAIA,Carbon Tracker atysis 2015

55 |[EA, WEO 2014“Annex A Tables for Scenario Projections: United States — New Policies Scenario”
56 The US is the world’s largest oil consumer and second-largest domestic coal market, as well as being a key gas

market.

57 Climate Action Tracker, “USA,” Sep 4 2015, http://climateactiontracker.org/countries/usa.html.

8 EPA. 2015. Regulatory Impact Analysis for the Clean Power Plad Riule
http://www.epa.gov/airquality/cpp/cpp-final-rule-ria.pdf (August 10, 2015).

November 2015 54



A A 4 C J—
Energy Transition Advisors arbon TraC ker

ETA
Figure33US energyelated CQ emissions (excluding emissions from metallurgical)c@all 22035
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Source: IEA, Carbon Tracker analysis 2015

As with China and India, America’s INDC targets are important to diminish the role of thermal coal in the
country’s energy mix. 2015-2035 emissions from potential domestic US thermal coal production that is
unneeded in a 450 Scenario amount to 8 GtCO, (equivalent to 4% of the 2015-2035 global 2°C carbon
budget for thermal coal).

Carbon Capture and Sequestratio(CCS)

By eliminating or significantly reducing the quantity of CO, emitted per unit of coal or natural gas
combusted, CCS has the potential to increase the level of fossil fuel consumption while staying within a
given CO; emissions budget. Conversely, absence of CCS requires greater reductions elsewhere to meet
a given CO; emissions reduction target. As described below, the rate of investment in CCS is especially
significant for the domestic coal markets of the US and China, as well as for the seaborne export market
(given the projected role for CCS in India and other Asian countries that coal exporters are counting on
to drive volume growth).

Within the 2035 timeframe, high-upfront capital costs and need for sustained government support limit
CCS deployments in the New Policies and Low-Demand Scenario (with cumulative CO; capture of less
than 1 Gt). In the 450 scenario, however, CCS deployment at scale begins around 2025 and steps up in
the 2030s; from 2015-2035 CCS deployment results in 24 GtCO, of emissions-reduction relative to the
Low-Demand Scenario (equivalent to ~25% of the total difference in cumulative emissions between the
Low-Demand and 450 Scenarios).”® Note that as of year-end 2014 there were roughly 13 large-scale CCS
projects operating that capture a total of 26 MtCO, per year (with only 5.6 MtCO, of this being

%9 Note this includes only CO; savings related to thermal coal. From 2015-2040, cumulative emissions captured rise
to 52 GtCO.. IEA, World Energy Outlook Special Repé&iergy and Climate Chang®15, 115-122,
https://www.iea.org/publications/freepublications/publication/WE02015SpecialReportonEnergyandClimateChang
e.pdf
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sequestered and subject to monitoring and verification).®® In the 450 Scenario, annual CO; capture must

rise to 4 Gt by 2035 — an amount 148 times greater than today.

The 450 Scenario sees CCS installed at both power plants and industrial facilities (e.g. oil refineries and
natural gas processing facilities). Installations are a combination of retrofits and new-builds. From 2020
onward addition of CCS-equipped power plants averages about 20 GW annually, rising to 50 GW
annually in the 2030s. By 2030 cumulative installed CCS power plants total ~500 GW, or 12% of total
fossil-fueled power generation capacity at that time.

China and the US see the majority of CCS deployments, with other regions (e.g. India and the Middle
East) also playing a notable role. For coal-fired generation, through 2040 China sees 50 GW of CCS new
build and 280 GW of CCS retrofit, making the combined CCS coal-fired capacity of 330 GW equal to
nearly 40% of China’s 2014 total installed coal-fired capacity (860 GW).5! Additions of CCS means that in
the 450 Scenario roughly 12% of China’s overall electricity generation come from CCS-equipped coal
plants.®2 Funding the 450 Scenario’s projected ramp-up in CCS will require annual global investment in
the technology to surge from roughly $5 billion today to $70 billion in the 2020s and over $100 billion by
the 2030s.%3

Figure34 CQ captured in the 450 Scenario by sector and region
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Note: Includes capture of CO, emissions from metallurgical coal. Industry includes the following sectors: steel, cement (energy- and process-
related), chemicals and paper production; oil refining; coal-to-liquids, gas-to-liquids and natural gas processing.
Source: IEA, World EnergyOutlook Special Report: Energy and Climate Cha&igee 4.4

80 For the purpose of CCS, the IEA uses “large-scale” or “industrial-scale” to describe projects capable of capturing
at least 1 MtCO: per year. See http://www.iea.org/topics/ccs/ and IEA, WEO 20152015, 45, Table 1.5.

51 Note this includes only CO; savings related to thermal coal. From 2015-2040, cumulative emissions captured rise
to 52 GtCO.. IEA, World Energy Outlook Special Report: Energy and Climate GHase22.

52 Carbon Tracker 2015 estimate.

8EA, World Energy Outlook Special Report:igpend Climate Chang#16-118.
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Consequences of absence of CCS deployment trillion in revenue at risk
Surveying the consequences of CCS deployment, the IEA notes that in the 450 Scenario the global
average CO; intensity of all power generation

falls to about 85 grams per kilowatt-hour in 2040, less than one-tenth of the average level of an
unabated coal-fired power plant today and one-fifth of the level of an unabated gas-fired power
plant. Without CCS, neither coal nor gas-fired power plants could retain such a significant
market share as they do in the 450 Scenario (gas-fired generation accounts for 16% of total
generation in 2040 and coal-fired generation accounts for 12%).5

Through 2040 in the 450 Scenario, the IEA estimates that power plants and industrial facilities equipped

with CCS consume roughly 15 billion tonnes of coal equivalent® and 4 000 billion cubic meters of natural
gas; assuming the coal and gas prices that prevail in the 450 Scenario, this equates to $1.3 trillion of coal
and another $1.3 trillion of gas consumption that depends on CCS deployment. In terms of CO, avoided

due to CCS through 2040, roughly 32 GtCO, (80%) come from coal and 7 GtCO; (20%) come from gas.5°

Delays in CCS deployment can significantly steepen the required reductions in coal consumption by 2035
in a 2°C scenario. For example, in the 450 Scenario thermal coal consumption declines from a 2012 level
of 4443 million tonnes of coal equivalent (mtce) to a 2035 level of 3085 mtce®’; should the introduction
of large-scale CCS be delayed from 2020 to 2030, 2035 thermal coal consumption would have to be
reduced by another 800 mtce (i.e. by ~25%) in order to maintain an even chance of a 2°C emissions
trajectory.

84 |EA. Using a 2035 end date, in the 450 Scenario the coal’s share of generation is 18% (relative to 38% in 2012)
and the gas is 19% % (relative to 23% in 2012). IEA, World Energy Outlook Special RepEnergy and Climat
Change117.

55 Note that this includes metallurgical as well as thermal coal (with the majority being thermal coal). IEA

56 CTl estimate

57 [EA, WEO 2014“Annex A: Fossil-fuel supply,” 604.
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Figure352012 vs. 2035 thermal coal consumption (mtce) in 450 Scenario, CCS deployment beginning in 2020 or 2030
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By affecting the trajectory of coal and gas consumption in a 2°C, CCS deployment has knock-on
implications for the permissible level of oil consumption. In the event of delays in CCS deployment, the
IEA observes that:

in order to keep cumulative CO, emissions the same in the absence of CCS, the transport sector
would need to compensate by reducing emissions further through wider deployment of electric
vehicles. This could reduce oil consumption by around 1.3 million barrels per day in 2035,
compared with introduction of CCS by 2020. Overall, if the introduction of CCS was delayed
until 2030, then coal producing countries would lose revenues of $690 billion, gas producers
would lose $430 billion, and oil producers about $230 billion.%®

In other words, $1.35 trillion of revenues for fossil-fuel producers hinge on deployment of large-scale
CCS commencing in 2020.

8 |EA, World Energy Outlook Special Report: Redrawing thegi#@imate Map 10 June 2013, Figure 2.21, 80.
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Figure36 Changes in fossil fuel cumulative gross revenues by type and region if introduction of CCS is delayed until 2030, relative
to the 450 Scenario
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Source: Figure 2.21 |IEA 4 for 2 report

Assumptions on population andeconomic growth

Relative to the 2014 IEA New Policies Scenario, Carbon Tracker’s Low-Demand Scenario sees a reduction
in 2015-2035 cumulative CO, emissions from oil, gas, and thermal coal of 49 GtCO; (i.e. 7%) and the IEA
450 Scenario sees a reduction in 2015-2035 cumulative CO, emissions of 134 GtCO, (i.e. 20%). Note that
these CO; reductions result from projected changes in energy intensity and carbon intensity, rather than
from differences in assumed population or economic growth rates.®® Inasmuch as such rates materialize
below IEA assumptions, however, this could provide another pathway to lowering demand for fossil
fuels and consequent CO; emissions. The figure below illustrates the impact of lower growth rates for
population and per-capita GDP on CO, emissions in the IEA’s 450 Scenario.

% In the 2014 World Energy Outlook, through 2035 the IEA assumes average real global GDP to grow at 3.4% per
year and average population growth of 0.9% per year. IEA, WEO 2014Table 1.1 and Table 1.2.
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Figure37 Impad of lower population growthGDP per capitgrowth/energy intensityon globalCQ emissions
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Note that recent changes in emerging economies highlight the importance of economic growth
assumptions for long-term energy projections. For example, consider changes in assumed medium-term
growth rates between the 2013 and 2014 World Energy Outlocfor the world’s two largest coal
consuming nations, China and India. In the 2014 World Energy Outlogirom 2012-2020 China’s real
GDP is assumed to grow at 6.9%, downgraded from 8.1% pa. For India, GDP growth through to 2020 has
been downgraded from 6.5% to 6.2% pa.”®

9 Reducing China’s GDP growth for 2014-2020 by 1.2% pa equates to 7+% cumulative — which,
other things equal, could reduce the IEA’s projected 2020 coal demand from China of
3,100+Mtce by 200Mtce (i.e. 6.4%)

1 Reducing India’s GDP growth for 2014-2020 by 0.3% equates to ~3% cumulative — which, other
things equal, could reduce the IEA’s projected coal demand from India of ~650Mtce by 20Mtce
(i.e.3%)

70 1EA, WEO 2014Table 1.1, 41, and IEA, WEO 2013Table 1.2, 40.
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Appendix A:IEA Scenarios

This study focuses on long-term projections of future oil demand from the International Energy Agency
(IEA). In its annual World Energy Outloojublications - probably the most widely cited source of global
energy projections - the IEA examines global energy trends through 2035 under three different
scenarios:’! In the 2014 World Energy Outlook (the source for projections used in this study), these
scenarios were described as follows:

9 Current Policies Scenatrithis scenario assumes only the implementation of government
policies and measures that had been enacted by mid-2014.

M  New Policies Scenariahis scenario (the IEA’s “central scenario”) takes into account "the
policies and implementing measures affecting energy markets that had been adopted as of mid-
2014, together with relevant policy proposals, even if specific measures needed to put them
into effect have yet to be fully developed. It assumes only cautious implementation of such
commitments and plans.”

9 450 Scenariothis scenario "sets out an energy pathway that is consistent with a 50% chance of
meeting the goal of limiting the increase in average global temperature to 2°C compared with
pre-industrial levels.” For the years prior to 2020, the 450 Scenario assumes “more vigorous
policy action to implement fully the Cancun Agreements than is assumed in the New Policies
Scenario”; for the years after 2020, OECD countries and other major economies “are assumed to
adopt CO; pricing in power generation and industry, while all fossil-fuel subsidies are removed in
all regions except the Middle East. Energy consumption in transport and buildings is reducing
through an extension and strengthening of minimum performance standards. The set of policies
collectively ensures an emissions trajectory consistent with stabilization of greenhouse-gas
concentrations at 450 parts per million."

"L International Energy Agency (IEA), World Energy Outlook 2012014. For description of scenarios, see “Annex B:
Policies and Measures by Scenario,” 687.
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Appendix B: 20122035 energy mix changes in 450 Scenario

All data here from the IEA’s 2014 World Energy OutlopkAnnex A - Tables for Scenario Projections.”

Total Primary Energy Demand

World
2012 2035
MTOE  Shareg%) MTOE  Shareq%)
TPED 12229 100 14531 100
Coal 2747 22 2125 16
Qil 4194 34 3583 27
Gas 2844 23 3425 26
Nuclear 642 5 1465 6
Hydro 316 3 552
Bioenergy 1344 11 2264 17
Other renewables 142 1 1118 9
Electricity Generation
World
2012 2035
TWh Shareq%) TWh Shareq%)
Total Generation 21890 100 32 662 100
Coal 8374 38 5748 18
Qil 1144 5 313 1
Gas 5104 23 6198 19
Nuclear 2461 11 5622 17
Hydro 3672 17 6420 20
Bioenergy 442 2 1801 6
Wind 521 2 3972 12
Geothermal 70 0 425 1
Solar PV 97 0 1514 5
CSP 5 0 599 2
Marine 0 51 0

Generation Capacity

World
2012 2035
Shareq%) GW Shareq%)

Total Capacity 5683 100 9918 100
Coal 1805 32 1524 15
Qil 442 8 234 2
Gas 1462 26 2278 23
Nuclear 394 7 754 8
Hydro 1085 19 1903 19
Bioenergy 101 2 327 3
Wind 282 5 1553 16
Geothermal 11 0 63 1
Solar PV 98 2 1093 11
CSP 3 0 168

Marine 0 19
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Total Primary Energy Demand
China
2012 2035
MTOE  Shareq%) MTOE  Shareg%)
TPED 2453 100 2836 100
Thermal Coal 1520 62 829 33
QOil 468 19 522 21
Gas 123 5 391 16
Nuclear 25 1 395 16
Hydro 74 3 128 5
Bioenergy 216 9 338 14
Other renewables 26 1 233 9
Electricity Generation
China
2012 2035
TWh Shareq %) TWh Shareq%)
Total Generation 4758 100 2453 100
Thermal Coal 3546 75 702 29
QOil 8 0 7
Gas 96 2 214 9
Nuclear 97 2 197
Hydro 863 18 456 19
Bioenergy 45 1 73 3
Wind 96 2 467 19
Geothermal 0 0 2 0
Solar PV 6 0 304 12
CSP 0 0 31 1
Marine 0 0 1 0
Generation Capacity
China
2012 2035
GW Shareg%) GW Shareg %)
Total Capacity 1198 100 2453 100
Thermal Coal 791 66 702 29
QOil 11 1 7 0
Gas 43 4 214 9
Nuclear 14 1 197
Hydro 249 21 456 19
Bioenergy 8 1 73 3
Wind 75 6 467 19
Geothermal 0 0 2 0
Solar PV 7 1 304 12
CSP 0 0 31 1
Marine 0 0 1 0
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Total Primary Energy Demand
India
2012 2035
MTOE  Shareq%) MTOE  Shareg%)
TPED 720 100 1176 100
Thermal Coal 287 40 294 25
QOil 177 25 275 23
Gas 49 7 163 14
Nuclear 9 1 85 7
Hydro 11 2 45
Bioenergy 185 26 252 21
Other renewables 3 0 62 5
Electricity Generation
India
2012 2035
TWh Shareq %) TWh Shareq%)
Total Generation 1134 100 2630 100
Thermal Coal 806 71 660 25
QOil 25 2 7 0
Gas 94 8 457 17
Nuclear 33 3 327 12
Hydro 126 11 519 20
Bioenergy 21 2 151 6
Wind 28 2 255 10
Geothermal - - 4 0
Solar PV 2 0 203 8
CSP - - 47 2
Marine 0 0 1 0
Generation Capacity
India
2012 2035
Shareg%) Shareg %)
Total Capacity 241 100 915 100
Thermal Coal 138 57 277 30
QOil 8 3 8 1
Gas 23 10 122 13
Nuclear 5 2 47 5
Hydro 42 18 171 19
Bioenergy 6 2 28 3
Wind 18 8 117 13
Geothermal - - 1 0
Solar PV 1 1 129 14
CSP - - 15
Marine 0 0 0
November 2015 64



&
vv

Energy Transition Advisors
ETA

Initiative

C arbon Tracker

Total Primary Energy Demand

Other Developing Asia

2012 2035
MTOE  Shareq%) MTOE  Shareg%)

TPED 833 100 1300 100
Thermal Coal 128 15 226 17

QOil 289 35 326 25
Gas 186 22 278 21
Nuclear 12 1 46

Hydro 15 2 45 3
Bioenergy 178 21 245 19
Other renewables 25 3 132 10

Electricity Generation

Other Developing Asia

2012 2035
TWh Shareq %) TWh Shareq%)
Total Generation 1192 100 2416 100
Thermal Coal 352 30 436 18
QOil 119 10 24 1
Gas 468 39 712 29
Nuclear 45 4 176 7
Hydro 175 15 527 22
Bioenergy 10 1 178 7
Wind 2 0 156 6
Geothermal 20 2 110 5
Solar PV 1 0 94 4
CSP - - 2 0
Marine 0 0 0 0

Generation Capacity

Other Developing Asia

2012 2035
GW Shareg%) GW Shareg %)
Total Capacity 289 100 729 100
Thermal Coal 66 23 117 16
QOil 45 16 31 4
Gas 109 38 192 26
Nuclear 6 2 23 3
Hydro 52 18 183 25
Bioenergy 7 2 34 5
Wind 1 0 65 9
Geothermal 3 1 17 2
Solar PV 1 0 67 9
CSP 0 0 0 0
Marine 0 0 0 0
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Total Primary Energy Demand

MTOE
TPED 2103
Thermal Coal 391
QOil 771
Gas 596
Nuclear 209
Hydro 24
Bioenergy 88
Other renewables 23
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C arbon Tracker

United States

Shareg %)
100
19
37
28
10

MTOE
1912

163
471
569
267

29
242
172

2035

Shareg %)
100

9
25
30
14

2
13

9

Electricity Generation

TWh
Total Generation 4218
Thermal Coal 1592
QOil 33
Gas 1265
Nuclear 801
Hydro 279
Bioenergy 79
Wind 142
Geothermal 18
Solar PV
CSP
Marine 0

United States

Shareg %)
100

TWh

4 605

744

1115
1023
336
247
688
65
215
161

2035

Shareg %)
100

Generation Capacity

GW
Total Capacity 1137
Thermal Coal 330
QOil 64
Gas 446
Nuclear 108
Hydro 101
Bioenergy 16
Wind 59
Geothermal 3
Solar PV 8
CSP 1
Marine 0

United States

Shareg %)
100

GW

1415

149

14
527
129
115

239

141
46

2035

Shareg %)
100

17

10
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Appendix C: Explaining the2°C globalcarbon budget
To mitigate the impacts of climate change, 193 nations have pledged to support efforts to limit warming
of the earth’s average surface temperature to 2 degrees Celsius (2°C) above pre-industrial levels.”> The
IEA’s 450 Scenario shows a trajectory for global energy-related carbon-dioxide (CO3) emissions through
2040 consistent with a 50% chance of achieving this goal.” For 2015-2035 (the timeframe emphasized
in this report), this means limiting energy-related CO, emissions to 593 billion tons (593 GtCO;). Staying
within this “global carbon budget” requires emissions to peak in 2020 and decline by 2035 to 22 GtCO;
(vs. 2014 emissions of 32.6 GtCO;). Emissions must then continue to decline to around 17 GtCO; by
2050 and 0-5 GtCO, by 2075-2100.

Figure38 Global energysectorCQ emissions, 2012035

50.0
40.0

g“ 20,0 —————
& 200
10.0
0.0

'190'190 '19\? ﬁ9\<’° '19\9 '19\’« '19\’00 '19\9 '19"9 '19%\/'»@}'\90 '19’1? '19'{’0 '\,@’b '19’9 '»Qq’oo '»@9 '1909 '19%\/'\9%%'\9%% '190? '19%%
———NPS ==LDS 450 e CPS

Note: NPS refers to the IEA New Policies Scenario, LDS refers to the Carbon Tracker Low-Demand Scenario, 450 refers to the IEA 450 Scenario,
and CPS refers to the IEA Current Policies Scenario. ~ Source: IEA, Carbon Tracker analysis 2015

In our analysis, however, we modify the 2035 2°C carbon budget to exclude (1) emissions related to
metallurgical coal (which, owing to its essential role in steelmaking, faces less long-term demand risk
than does thermal coal in a climate-constrained scenario); and (2) emissions related to thermal coal and
natural gas production in regions that are either not covered in the databases we use or are outside the
markets of key relevance to investors. The table below shows how incorporating these adjustments
leads to our “adjusted 450” 2015-2035 carbon budget of 446 GtCO,. Also shown are the gaps in

72 UN Framework Convention on Climate Change (UNFCCC):
http://unfccc.int/key_steps/cancun_agreements/items/6132.php
3 International Energy Agency (IEA), World Energy Outlook 2014 (WEO 2020)4.

http://www.worldenergyoutlook.org/publications/weo-2014/IEA, 687. Energy-related CO2emissions include
emissions related to “energy supply, energy transformation (including power generation) and energy-consuming
sectors (including buildings, industry transport, and agriculture”. Non-energy CO2emissions include emissions
from “industrial processes and land use, land-use change and forestry.”
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cumulative emissions separating the IEA 450 Scenario from three other scenarios: Carbon Tracker’s Low-

Demand Scenario and the IEA New Policies Scenario and Current Policies Scenario.”

Table10Linking the 450 Scenario to the adjusted 450/i@mand/New Policies/Current Policies Scenarios,-2085 (GCQ)

-ﬂ-_

Original 450
Met coal | -42
coal not covered | -35
gas not covered | -70
Adjusted 450 | 145 f 221 | 80 446
Gap to LDS | 84 i 18 | 8 111
Adjusted LDS | 229 f 239 | 88 556
LDS to NPS | 32 i 13 | 2 47
Adjusted NPS " o221 " 22 7 9 603
NPS to CPS " 38 o1 T 2 " 55
Adjusted CPS " 299 "6 92 658 |
Adjusted 450 to Adjusted NPS 116 31 11 157
Adjusted 450 to Adjusted CPS 154 45 13 212

Note: NPS refers to the IEA New Policies Scenario, LDS refers to the Carbon Tracker Low-Demand Scenario, 450 refers to the IEA 450 Scenario,
and CPS refers to the IEA Current Policies Scenario. Source: IEA, Wood Mackenzie Global Economic Model, Carbon Tracker analysis 2015

¢2 SYLKIFaAlTS GKS Nmxnala Yz2ad NBf SOOI 3rdglobatcabddh G 4GS A
budgé to exclude 42 @Q of emissions related to metallurgical coal (i.e. coking céarhe result is a

20352°C global carbon budget of 551C&3, with 33% of cumulative emissions coming from thermal
coal, 40% coming from oil, and 27% coming from natural gas.

Note that in our companion supply analysis we focus cmmlghermal coal production that is captured in

222R al O0O1SyTASQa Dft2oltf 902y2YAO a2RSt o6l&a 2F HAM
production) as well as the domestic coal market of India; within gas, we focus only on the markets of

North Americaand Europe, and well as the liquefied natural gas (LNG) market (collectively, these three

74 For descriptions of these scenarios, see IEA, WEO 201.3687.

7> Thermal coal (i.e. steam coaljcounts for nearly 80% of current global coal demand. It is mainly used for heat
production or steam-raising in power plants and, to a lesser extent, in industry. Typically, thermal coal is not of
sufficient quality for steel making. Metallurgical coal(i.e. coking coalaccounts for around 15% of global coal
demand. Its composition makes it suitable for steel making (as a chemical reductant and source of heat), where it
produces coke capable of supporting a blast furnace charge. Ligniteaccounts for 5% of global coal demand. Its low
energy content and usually high moisture levels generally make long-distance transport uneconomic. Over 90% of
global lignite use today is in the power sector. IEA, WEO 2013, 2013, Box 4.1.
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markets cover roughly 53% of 202835 gasrelated emissions).Incorporating these adjustments into

our carbon budget reduces the 2038C global carbon budget &5 Gt, and brings the 2°C global
carbon budet for energyrelated emissions to 446 GO.

Figure39 Adjusted 2018035 450 Scenario global carbon budgeiGG}

700

450 total =593 GtCO,
less met coal =551 GtCO,
less non-modeled coal/gas = 446 GtCO,
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o
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Note: “Non-modeled Gas and Thermal Coal” refers to emissions from potential thermal coal and natural gas production in markets that either
are omitted from our supply databases or in markets of secondary interest to investors. Source: IEA, Carbon Tracker 2015 analysis of data from
Wood Mackenzie Global Economic Model, Wood Mackenzie Coal Market Service, and Rystad UCube database
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Relating to carbon budgets in 2050 and 2100

Carbon Tracker has previously emphasized global carbon budgets on timescales stretching to 2050 and
2100.7® To link this report with our earlier analyses, the table below shows the adjustments needed to
reconcile a 2°C scenario across different timescales and coverage areas.

Tablell Breakdown of 50% elmce 2°C carbon budgetross different timescales and coverage ar&ssQ)

Breakdown of 50% chance 2°C carbon budget GtCQ

Cumulative CO2 emissions from 1870-2100 3000
CO2 emissions prior to 2015 2002
Cumulative CO2 emissions 2015-2100 998
non-energy CO2 emissions 2015-2100 50
Cumulative energy-related CO2 emissions 2015-2100 948
energy-related CO2 emissions 2050-2100 128
Cumulative energy-related CO2 emissions 2015-2050 820
energy-related CO2 emissions 2035-2050 227
Cumulative energy-related CO2 emissions 2015-2035 593
coking coal CO2 emissions 2015-2035 42
Cumulative energy-related CO2 emissions 2015-2035 (ex-coking coal) 551
non-modeled thermal coal and gas emissions 2015-2035 105
Modeled cumulative energy-related CO2 emissions 2015-2035 446

Note: Initial “cumulative CO2 emissions from 1870-2100" figure reflects the IPCC’s best estimate within a range of 2900 — 3200 GtCO2.
Source: IEA, IPCC, Carbon Tracker analysis 2015

76 Carbon Tracker and the Grantham Research Institute, Unburnable Carbon 2013: Wasted capital and stranded
assets$2013, http://www.carbontracker.org/wastedcapital.
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Appendix D: India thermal coal demand and supply through 2035

India generates 70% of its electricity from coal, and in 2015 is set to consume 740 Mt of thermal coal,
making it the world’s third-largest thermal coal consumer (behind China and the United States).”” To
support continued economic growth and provide power to the 300 million Indians who lack access to
electricity, India has strong incentives to increase its use of thermal coal; Wood Mackenzie projects that
by 2035 consumption will more than double to 1.9 billion tons.” To limit growth in CO, emissions
consistent with a 450 Scenario, however, through 2035 India’s annual thermal coal consumption must
average around 700 Mt.”® This will require, among other measures, deployment of hundreds of
gigawatts of nuclear, hydroelectric, wind, and solar generating capacity in order to reduce thermal coal’s
share of electricity generation from 70% today to 24% by 2035.

The trajectory of India’s thermal coal consumption has significant implications for producers both within
and outside India. India has the world’s third-largest coal industry, and in 2015 is projected to produce
539 Mt of coal.®° Coal of India Ltd (CIL) is the centerpiece of a market that delivers 90% of thermal coal
to state-owned generators. CIL is a publicly-listed entity and the world’s largest coal company; it is 80%
owned by the central Government of India (GOI) and responds directly to government policy. In 2014
CIL produced 462.4 Mt of thermal coal; under an optimistic scenario, CIL projects its production to
increase to 615 Mt by 2016-2017.%!

Implications for coal producers outside the subcontinent relate to India’s seaborne thermal coal imports
having doubled over the past five years (to a projected 181 Mt in 2015); by 2035, Wood Mackenzie
projects seaborne thermal imports increasing to 404 Mt (equivalent to 37% of the current seaborne
thermal coal market).8? Given declining import demand from China, many producers are looking to India
as the premier growth market for seaborne coal.

Comparing 450 and LowDemand Scenario India thermal coal demand against

domestic supply projections
To examine the implications for Indian and export thermal coal producers under a 450 Scenario or Low-
Demand Scenario, we compare thermal coal demand in such scenarios against projections of India’s

77 Wood Mackenzie, “India conducts maiden coal licenses auction: supply security or irrational bidding?,” Mar
2015, 18.

78 Wood Mackenzie, “India conducts maiden coal licenses auction,” 18

7% Carbon Tracker estimate based on 450 Scenario in the IEA’s 2014 World Energy Outlogk014,
http://www.worldenergyoutlook.org/publications/weo-2014/IEA, “Annex A Tables for Scenario Projections: India —
450 Scenario”

8 Wood Mackenzie, Coal Market 8rvice India; LongTerm Outlook H1 201 5Forecast by Therm and Met”,
updated July 2015.

81 Coal India Limited, 20132014 Annual Repqr2014,
https://www.coalindia.in/DesktopModules/DocumentList/documents/Coal_India_AR_2013_-
_14_Deluxe_final_23092014.pdf

82 Wood Mackenzie, “India conducts maiden coal licenses auction,” 28
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domestic thermal coal supply. We model India’s potential domestic supply using July 2015 data from

Wood Mackenzie’s Coal Market Service.®

The figure below compares India’s thermal coal consumption in a 450 Scenario and Low-Demand
Scenario against Wood Mackenzie’s projected domestic thermal production.

Figure40 Indiatotal thermal coal demand in 450 Scenario and {@@mand Scenario versus projectiongafesticsupply,
20132035 (Mt)
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Domestic supply - Wood Mac

Source: IEA, Wood Mackenzie Coal Market Service, Carbon Tracker analysis 2015

Note that average 2015-2035 potential supply is well in excess of what is required to meet demand in
both scenarios, with unneeded potential domestic supply ranging from 178-260 Mtpa. We also show
the amount of required and unneeded domestic production coming from new sources. We estimate the
share of India’s domestic thermal coal production coming from new versus existing sources via analysis
of various industry sources, including Coal India Limited’s May 2015 “Road Map for Enhancement of

Coal Production.”®

Table12 450 Scenario thermal coal demand and needed/unneeded potential domestic supph20331B/tpa)

8 Wood Mackenzie, Coal Market Service Indi@.ongTerm Outlook H1 201 58Forecast by Therm and Met”,
updated July 2015.

84 Coal India Limited, “Road Map for Enhancement of Coal Production,” May 2015,
https://www.coalindia.in/DesktopModules/DocumentList/documents/RoadMap_for_Enhancement_of _Coal_Prod
uction_19052015.pdf
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Avg. Annual 2015-2035 Avg. Annual 2015-2035
Demand Demand
satisfied  Unneeded satisfied Unneeded
Required to through  potential Required to  through potential
Domestic meet 450 domestic domestic meet LDS  domestic domestic
Total demand demand total demand production supply total demand production supply
Total 740 569 698 662 260 786 744 178
New 5 210 44 171

Source: IEA, Wood Mackenzie Coal Market Service, Carbon Tracker analysis 2015

| mplications for India’ s ther mal coal I mp o
Excess potential domestic production diminishes prospects for growth in India’s thermal coal imports.

Under both demand scenarios analyzed below thermal coal imports decline to zero in 2022; average

annual imports through 2035 total only 36-42 Mtpa.

Figure4lindia's required thermal coal imports in a 450 Scenario assuming different growth pathways for domestatigno
20132035 (Mt)
250
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Mt

100

50

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

@required imports - Low-Demand Scenario required imports - 450 Scenario

Source: IEA, Wood Mackenzie Coal Market Service, Carbon Tracker analysis 2015
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Tablel3India thermal coal imports in 450 Scenario, 2Q085 (Mtpa)

Avg. Annual Avg. Annual
2015-2035 2015-2035

imports to  imports to
meet 450 meet LDS

2015 imports  demand demand
Total 171 36 42

Source: IEA, Wood Mackenzie Coal Market Service, Carbon Tracker analysis 2015
Assessingcarbon implications

The table below shows the cumulative 2015-2035 CO; emissions associated with India’s required and
unneeded domestic thermal coal production. Emissions associated with total required production are
23 GtCO,, a substantial amount that is equivalent to 13% of the global thermal coal carbon budget
through 2035 in a 450 Scenario; emissions associated with total unneeded potential supply are 9 GtCO..
In a Low-Demand Scenario, emissions associated with total required production are 27 GtCO, and
emissions associated with total required production are 7 GtCO,

Tablel4 Cumulative emissions associated with India's needed/unneededdtim thermal coal production in 450 Scenario and
LowDemand Scenario, 202935 (GCQ)

Unneeded Unneeded
Required to potential Required to potential
meet 450 supply meet LDS supply above
demand above 450 demand LDS
Total 23 9 27 7
New 0.2 7 2 6

Source: IEA, Wood Mackenzie Coal Market Service, Carbon Tracker analysis 2015
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DISCLAIMER
° CTl is a non-profit company set-up to produce new thinking on climate risk. CTI publishes its

research for the public good in the furtherance of CTls not for profit objectives. Its research is provided
free of charge and CTl does not seek any direct or indirect financial compensation for its research. The
organization is funded by a range of European and American foundations.

CTlis not an investment adviser, and makes no representation regarding the advisability of
investing in any particular company or investment fund or other vehicle. A decision to invest in any such
investment fund or other entity should not be made in reliance on any of the statements set forth in this
publication.

o CTl has commissioned Energy Transition Advisors (ETA) to carry out key aspects of this research.
The research is provided exclusively for CTl to serve it’s not for profit objectives. ETA is not permitted to
otherwise use this research to secure any direct or indirect financial compensation. The information &
analysis from ETA contained in this research report does not constitute an offer to sell securities or the
solicitation of an offer to buy, or recommendation for investment in, any securities within the United
States or any other jurisdiction. The information is not intended as financial advice. This research report
provides general information only. The information and opinions constitute a judgment as at the date
indicated and are subject to change without notice. The information may therefore not be accurate or
current. The information and opinions contained in this report have been compiled or arrived at from
sources believed to be reliable in good faith, but no representation or warranty, express or implied, is
made by CTl or ETA as to their accuracy, completeness or correctness. Neither do CTl or ETA warrant
that the information is up to date.

www.et-advisors.com

www.carbontracker.org

y@carbonbubble
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