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Energy beyond Paris

Future energy systems, investment flows
and greenhouse gases

Looking beyond the Paris climate change conference in December, we expect countries to
decarbonise energy in order to meet climate goals. This report demonstrates cost optimal
pathways to achieve this

Fossil fuels to remain in the system, even if the 2°C target is achieved, as low carbon alternatives
in power mean that coal, oil and gas can be used in sectors where substitution is difficult

Total investment in power generation to rise by up to USD870bn pa, as renewables take share and

power demand increases by up to 47% during 2010-30

HSBC Climate Change Centre commissioned University College London’s Energy Institute to use
its TTAM-UCL global energy system model to generate data and analysis, which forms the basis of
the analysisin this report
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Did You Know?

» Even though the world will keep using more energy, total greenhouse gas emissions can

be reduced

» China and India can double their oil consumption but still allow global climate-change targets to

be met

» Demand for power will increase with rising global GDP and population, requiring substantial

investment. A shift from oil to electricity in cars furthers this trend
» Temperatures have risen by 0.85°C since 1880: the scientific consensus is to limit the increase to 2°C

» The analysis completed for this report suggests that the estimated temperature rise resulting from

pledges made for the Paris climate conference is likely to be 3.4°C in 2100

Context

HSBC <»

In Keeping it cool — Oil, CO, and the carbon budget, 2 March 2015, HSBC mapped out the energy system

from supply to demand through to Greenhouse Gas (GHG) emissions. In this report we have built on that
analysis by identifying how future climate goals and disruptive technologies could impact energy systems.
To do this, we commissioned University College London to model the results of four scenarios, determined
by HSBC, by using the TIMES Integrated Assessment Model in UCL (TIAM-UCL). TIMES stands for The
Integrated MARKAL-EFOM System. TIAM-UCL is an energy system model which allows users to
develop a framework of future energy supply and demand in a cost optimal way. TTAM-UCL was
developed by UCL with funding from the UK Energy Research Centre (UKERC), and has been used for a
number of research papers commissioned by the UK Department of Energy and Climate Change.
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Summary

» Most countries have made pledges ahead of the Paris climate
conference but these are not enough to achieve the 2°C target

» However, some fossil fuels will still be burned, even in a 2°C
world, used in sectors where substitution is more difficult

» We estimate substantial investment in power generation, driven
by low carbon technologies and economy-wide increases in
demand

More energy but less carbon

In December, country delegations will gather in Paris to sign a universal climate agreement that sets out a
framework to slow temperature rises and respond to the consequences of existing warmer temperatures.
The aim is to keep temperature rises below 2°C compared with 1880. Around 0.85°C of warming has
been recorded since then. Simply put, the way to solve climate change is twofold; make energy use more
efficient so that more GDP is produced for each unit of energy, and decarbonise the energy supply so that

countries use cleaner energy to grow and prosper.

As part of the process of negotiating the deal, countries have put forward their own plans, known as
Intended Nationally Determined Contributions (INDCs), outlining how they will reduce emissions and
adapt where necessary. These pledges provide blueprints for future energy systems and investment flows
from 2020 to 2030. As at 27 October 2015, 154 countries covering 86.5% of global GHGs — greenhouse
gases — had submitted an INDC to the UN Framework Convention on Climate Change (UNFCCC).

A low-carbon energy transition, irrespective of the outcome
in Paris

Our central view is that an agreement will be delivered in Paris. But we expect investment in future
energy systems to lean towards low-carbon instead of high-carbon in any case. The reasons for this are
twofold. Firstly, the financial sector as a whole is under greater scrutiny to provide transparency of capital
allocation. For instance, asset owners are being asked to at least disclose a climate strategy, or, even more
forcefully, to divest from fossil fuels: so they thus are coming up with policies to do this. In turn they are
asking investment managers for more clarity on fund processes in relation to climate, as well as other
social and governance issues. In some countries, including France, regulation is pushing investors to
disclose the carbon footprint of portfolios. In addition, central banks are asking lenders and insurers to
provide more disclosure on climate positioning in relation to financial stability. This raises questions

around high carbon lending and asset exposure.
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Secondly, corporates and other entities, such as cities, are making their own climate pledges, which also
contribute to moving energy investment flows away from high carbon. For instance, 10 Chinese cities and
17 US cities stated emission reduction goals in a joint US-China climate leaders’ summit announcement

in Los Angeles in September 2015 (see our report ‘China-US climate cooperation’, 17 September 2015)

These factors are advanced enough to drive change outside the negotiation process in our view.
According to our analysis, implementing an energy system that delivers the emission reduction aims set
out by INDCs would result in a 12% increase in coal use, a 19% increase in oil use and a 37% increase in
gas from 2010 to 2030.

Four scenarios to simulate future energy systems

There are many combinations of global energy-system development. They will depend on various factors,
such as the economic competitiveness of different energy sources by region, age of existing energy-
system assets, level of public finances available for spending on energy infrastructure, population levels
and stage of development. We have distilled the modelling possibilities into four scenarios that we
believe capture the aims of this analysis, namely to demonstrate how the supply and use of fossil fuels
will change in response to climate regulation and faster than anticipated technological change.

The two climate regulation based scenarios are 2°C and INDC. The basis of the 2°C scenario is that the
world collectively acts by raising ambition on emission reduction to limit temperature rises to 2°C
compared with 1880 levels. The TIAM-UCL model outputs demonstrate how a 2°C energy infrastructure
and uses can be achieved in the most cost-efficient manner. The second regulatory-driven scenario,
INDC, is based on existing and publically-available country policy and emission-reduction goals and
shows the cost-optimal way to deliver these through the energy system, with types of energy use, global
emission levels and resulting temperature rises the key outputs in this case.

In addition, we expect disruptive technologies to accelerate the reduction in carbon emissions. These are
technologies that can materially and quickly change existing structures as costs come down and technical
advancements are made. They will have an impact on the future development of energy systems because
they change the economics in favour of low-carbon instead of high-carbon, as we set this out in our report
‘Keeping it Cool — Oil, CO; and the carbon budget’, 2 March 2015. The technologies for which we have
used faster cost reductions are renewables, battery storage and electric vehicles — three areas we consider to

be most disruptive to a high-carbon energy infrastructure. These would result in lower-cost pathways for

decarbonising the power and transport sectors, in particular, as well as higher levels of power generation.

We have modelled for this acceleration, creating two scenarios, one in conjunction with the INDCs — the
INDC+ACCEL scenario — and the other in conjunction with emissions reductions consistent with a 2°C
outcome — the 2°C+ACCEL scenario.
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Chart 1: Total primary energy demand under various scenarios
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A common feature of all the scenarios is that total energy consumption across the global economy will
increase, as GDP and population growth increase energy demand in all sectors. (This is illustrated in
Chart 1.) This is the case through until at least 2050, the period which our modelling covers for energy

supply and demand (temperature predictions are as at 2100, in line with global climate policy).

2°C scenario requires USD870bn a year investment; INDC up to USD785bn

Power demand grows markedly within this overall growth in demand for energy. Delivering the power
aims of INDCs and country policy on a cost-optimal basis would require USD385bn of investment in
2015 rising to USD785bn in 2030; investment flows in renewables would total aboutUSD160bn, split
47%:53% between wind and solar. To achieve a 2°C power system on a cost optimal basis would require
USD870bn of investment annually in 2030 and investment flows in renewables would total around
USD200bn, split 45%:55% between wind and solar.

Transitioning to a lower carbon economy

In our report Keeping it Cool — Moving towards global carbon pricing, 9 September 2015, we stated our

belief that it is in everyone’s best interests (investors, policymakers, corporates, and civil society) that
decarbonisation — the transition to a low-carbon economy — is delivered as smoothly and as quickly as
possible. We expect the economics of cheaper clean-technology, as well as policy, to move in favour of a
low-carbon world. This analysis shows that even stringent climate pathways and advances in clean tech
can be delivered alongside the use of fossil fuels in some sectors of the economy where substitutability is
costly or technically difficult. Table 1 shows the key metrics in 2030 (vs a 2010 base), including what
happens to consumption of fossil fuels and investment in power in three key regions for the future global

emissions trajectory — China, the US and India. It also shows what happens to emissions to 2030.

Fossil fuels still have a role to play

In the section titled ‘Enabling 2°C’, on page 47 we consider how the implications of the 2°C scenarios
differ from the INDC-based outputs. A key finding, and one that will surprise many, is the material
position which fossil fuels maintain in the energy system overall, under all scenarios, with only the
combination of 2°C climate policy and rapid cost-deceleration in power — the 2°C+ACCEL scenario —

causing a net decrease in fossil consumption at 2050. Fossil fuels remain part of the primary energy mix

HSBC <»
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in all modelled scenarios because of limited substitutability in parts of industry and transport. In the 2°C

energy system, continued use of coal, oil and gas is achieved by almost completely decarbonising the

power sector to 6.0gCO,/kWH. Implementing a 2°C power system on a cost-optimal basis would result in

a 35% decrease in coal use, a 16% increase in oil use and a 52% increase in gas from 2010 to 2030.

Table 1: Summary results for HSBC’s four energy transition scenarios

2010-2030 2°C 2°C+ACCEL INDC INDC+ACCEL
Global fossil fuel use 2030

Coal consumption (PJ) 1 -35% 1 -29% 112% 1 4%
Oil consumption (PJ ) 1 16% 1 16% 119% 1 17%
Gas consumption (PJ) 1 52% 1 49% 137% 1 44%
Global electricity

Total capacity (W) 1 34% 1 46% 127% 1 44%
Power investment p.a. (USD bn) 870.7 879.6 784.9 820.7bn
Renewables capacity(GW) 1 323% 1 568% 1 235% 1 554%
Renewables investment (USD bn) 200.7 254.2 158.7 2415
Global energy use by sector

Power fuel consumption (PJ) 1-17% 1-10% 1 7% 1 7%
Transport fuel consumption (PJ) 132% 131% 137% 1 36%
Buildings fuel consumption (PJ) 112% 115% 1 15% 1 18%
Industry fuel consumption (PJ) 1 34% 1 36% 1 41% 1 42%
GHG emissions per annum (GtCOze) 1 -14% 1-10% 1 7% 15%
China

Coal consumption (PJ) | -24% 1-19% 123% 122%
Oil consumption (PJ) 1107% 1101% 1 93% 1 86%
Gas consumption (PJ) 1 279% 1 248% 1 99% 1101%
Power investment p.a. (USD bn) 287.0 268.5 269.0 27341
Renewables investment p.a. (USD bn) 89.0 714 70.6 78.2
us

Coal consumption (PJ) L-74% L-12% 1 -46% 1 87%
Oil consumption (PJ) 1 -26% 1 -24% 1 -27% 1-25%
Gas consumption (PJ) 119% 119% 1 4% 1 34%
Power investment p.a. (USD bn) 131.5 129.4 124.1 98.1
Renewables investment p.a. (USD bn) 39.2 57.8 39.2 40.6
India

Coal consumption (PJ) 1 -23% 1-10% 780% 165%
Oil consumption (PJ) 1 99% 191% 1 108% 1103%
Gas consumption (PJ) 1 372% 1 302% 1 233% 1 235%
Power investment p.a. (USD bn) 62.7 66.4 489 55.2
Renewables investment p.a. (USD bn) 214 28.0 13.9 26.2

Source: TIAM-UCL Model

Variance between 2°C energy systems in the big future emitters — China, India and the US

We look forward to 2050 in the final chapter — solving climate change is a long game — and ask what will

be the key differences in fossil fuels, power generation and efficiency and use of renewables by this point

to keep to the 2°C temperature target. We look at the big emitters of the future — China, India and the US

— and consider how they can cost-optimally contribute to a 2°C energy system. (Some key findings in

relation to these three countries are seen in table 1 for 2030.)

By 2050, China’s power generation will see a 167% rise in a cost-optimal 2°C world, with coal virtually

exiting the mix and being replaced by solar, nuclear and hydro power. Gas consumption in power also

takes share in 2050. Annualised investment costs in Chinese power reach USD584bn in 2050. Chinese oil

consumption also bucks the global trend, rising by 2.7-times as car use increases with a growing

population and increasing GDP per capita. Gas use also soars, up 10 times by 2050, with significant

consumption growth across all major sectors.

HSBC <»
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In the US, use of fossil fuels drops economy-wide by 2050, as coal use declines close to zero in all
sectors, driven by cheaper low-carbon energy alternatives and decline in domestic manufacture of
remaining high-carbon goods, and nuclear, wind and solar come to dominate the power mix. Overall,
TIAM-UCL’s findings show that in the cost-optimal global 2°C energy system, US emissions will come
down by 75%, a significant reduction when compared with the US INDC pledge of 26-28% vs 2005.

However, this is pledged by 2025, giving time to bring emissions cuts down further in the period to 2050.

India’s power sector will see significant growth through to 2050 as the country’s economy grows,
bringing substantial corresponding power needs. We expect use of oil in transport and industry to soar,
which can be accommodated in the cost-optimal 2°C energy system when coupled with decarbonisation
of the Indian power system.
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Future energy systems

» Decarbonising the economy requires a transition in the global
energy system

» UCL’s model shows how energy systems can cost-optimally meet
climate goals and the impact of cheaper solar, storage and EVs

» Four scenarios paint a picture of changing future energy demand
and supply, investments in power and temperature outcomes

Energy systems and climate goals

In short, solving climate change means reducing GHGs. This can be achieved by implementing regulation

by sector to encourage energy efficiency (see our report Green Buildings and climate, 21 July 2015), and

to decarbonise the energy supply by changing the economics of high carbon versus low carbon power
(see our report ‘Keeping it cool — Moving towards global carbon pricing’, 9 September 2015). We argue

that energy efficiency regulation can result in energy savings, as shown by the lower use of primary
energy for the same level of GDP output for the EU versus the USA in chart 3. However, decarbonising
the primary energy supply — i.e. removing GHGs from the supply of fuels to power, buildings, transport
and industry, leading to less emissions from use of fossil fuels — remains a big challenge.

Chart 2: World primary energy demand and GDP Chart 3: Top 3 emitters — Primary energy demand vs GDP
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2015 is an important year for international climate change policy. It is the first time that a comprehensive
selection of countries, from all income brackets, have publically stated forward looking plans (from 2020 to
2030) on what they will do to manage climate change, based on their economic status and their historical

contribution to the stock of greenhouse gases. This is a remarkable achievement in itself in our view.
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The 21* conference of the Parties (COP21) that will take place in Paris from 30 November to 11
December, aims to sign a Universal Climate Agreement (UCA). The agreement is currently being ironed
out by a UNFCCC workstream — the Ad Hoc Working Group on the Durban Platform for Enhanced
Action (ADP). We believe a UCA will be signed, although the Paris negotiations will not be easy — given
there are so many stakeholders, such as vulnerable nations, business, governments and environmentalists,
it will be very difficult to ensure everyone is happy with the outcome. The final round of pre-Paris talks,
which concluded in Bonn on 23 October, suggested that climate finance remains an area where there are

conflicting viewpoints.

INDC pledges are genuine regulatory drivers as they catalyse national policy which will impose new
restraints on the amount of greenhouse gases which countries can emit and therefore where and how
countries can use fossil fuels. How we generate and use energy — and therefore create greenhouse gas
emissions — in the future is fundamental to economic and social development as it may change the cost of
energy. It also has manifold implications for governments and companies in allocating capital and in

understanding the future cost of energy.

It will not be straightforward to deliver energy systems consistent with the global consensus to mitigate
emissions to levels commensurate with a global temperature rise of no more than 2°C compared with pre-
industrial times because, in some regions, high carbon energy sources remain the cost-optimal feedstock for
certain industries. Nevertheless we expect future energy supply and demand trends to be different from the
past because of a climate driver. The extent to which these trends will differ is a key uncertainty which we
seek to unravel in this analysis. Our central view is that climate drivers will break down some of the historical
energy growth and GDP correlations. Global oil use and GDP is shown in chart 4 and differences in existing
country relationships between oil and GDP for China, the US and EU are shown in chart 5.

Chart 4: World- Oil consumption vs GDP Chart 5: Top 3 emitters - oil consumption vs GDP
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A multitude of factors will determine how the energy system will develop in the future including the age

of existing energy infrastructure, regional economics of energy sources and technology shifts, economic

output, population growth and regulatory drivers. To identify potential future changes to the existing

energy framework that can combine climate and growth needs we commissioned the energy modelling

capabilities of the UCL energy institute at University College London.
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In allocating capital for future energy systems, investors and governments will need to incorporate new
analysis around the implications of climate regulation, and how that changes the demand profile for
different fossil fuel inputs across power generation, industry, buildings and transport. An energy system
developed to a strict 2°C framework entails different capital allocation decisions than a looser framework
built from the INDC pledges that countries have put forward as part of the Paris negotiations. In addition
the resulting temperature rises from less stringent climate policy will have ramifications that governments
and investors need to be aware of. In addition, there could be positive surprises that mean emerging clean
technologies deliver emissions reductions beyond what policy can achieve. We have incorporated these
issues into the scenario analysis from UCL using the TIAM-UCL Energy model, as described in box 1.

The TIAM-UCL Energy Model

The TIMES Integrated Assessment Model in UCL (TIAM-UCL) is an energy system model which allows
users to build a picture of future supply and demand for energy. It also gives data on future greenhouse
gas emissions and resultant global warming outcomes. Users are able to apply constraints in certain areas
of the model, including technology costs, emissions and GDP, in order to gain an understanding of how

the other variables will respond.

TIAM-UCL builds on previous energy system models developed by academic and research institutions
over several years. It was built with modules covering input assumptions surrounding GDP, GDP per
capita, number of households, energy service demand elasticities to price changes as well as detailed data
for pricing of technologies within sectors. We include more detailed notes on the workings of TIAM-

UCL, including its defining characteristics, main inputs and sector data inputs in Appendix 1.

For our analysis, variations were made within the climate and technology modules of TTAM-UCL. The
climate module incorporates CO, concentration, temperature changes and radiative forces. It is calibrated
using the climate model, MAGICC ('Model for the Assessment of Greenhouse Gas Induced Climate
Change’), which takes emissions scenarios for greenhouse gases, reactive gases, and sulphur dioxide as
input and gives global-mean temperature, sea level rise, and regional climate as output. MAGICC was
initially developed by universities in the 1980s and has evolved as climate science and data have
improved. MAGICC has been used in all Intergovernmental Panel on Climate Change assessment reports
to produce projections of future global-mean temperature and sea level change. The temperature rise
outputs found in this work are calculated using MAGICC according to 60% likelihood of staying below

the reported temperature.

The technology learning module captures the rate at which the cost of specific energy technologies
reduces over time, or the ‘learning rate’. The base case learning rates are taken from the conclusions of
several research and industry organisations such as the International Energy Agency but these can be
varied. In addition, there are maximum penetration rates assumed for certain technologies; for example,
given loading matching requirements, there is a maximum level of electricity generation that can come

from intermittent renewable technologies.

The model provides results from 2010 to 2050, and was run on 31 August 2015.

UCL provided the modelling for four scenarios; 2°C, 2°C + ACCEL, INDC and INDC + ACCEL. The
ACCEL or accelerated scenario incorporates faster cost reductions in key technologies (see table 2).
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Table 2: Historical price trend and forecasts for Solar PV, Battery Storage and electric vehicles

Technology Units Average Input assumption to model
2005 2006 2007 2008 2009 2010 2020 2030 2040 2050
Historic ~ $/kW 6700 6695  6697.5
Standard  $/kW 3000 2115 1568 1366 1164
PV projection
. . Accelerated  $/kW 2700 1406 997 805 613
installation o
projection
Historic $/kWh 2005 1300 1100 950 840
Standard $/kWh 720 432 378 334 300
Battery projection
storage Accelerated $/kWh 720 238 189 167 150
projection
Standard $/veh.
Battery projection 58100 53200 48700 37,400
electric Accelerated $/veh.
vehicles projection 32100 28900 26,600 25,200

Source: UCL, Averages for solar taken from five papers, average for historical battery storage costs taken from two papers

Outputs from the modelling include data on the geographies and sectors in which fossil fuels will be used
in the future. We factor this into the scenarios by making assumptions on faster cost reductions in the
technologies we believe are key to speed up the low-carbon transition, namely renewables, battery storage
and electric vehicles.

Renewables: If this trend continues or were to accelerate dramatically, more widespread deployment
could, in our view, trigger an economically-driven decarbonisation of the power sector, the section of the

energy economy which contributes most towards carbon emissions.

Table 2 shows historical data for PV installation costs, and the input assumptions for future cost
reductions, broken down as ‘standard’, i.e. predictions under the TITAM-UCL model for technology
learning, and with the added constraint of faster cost decreases per kW in ‘accelerated’, which is the data
points applied under the INDC+ ACCEL scenario.

In an HSBC report, The rise of renewables, 26 April 2015, HSBC analysts highlighted the accelerating
rate at which wind and solar capacity has been installed in recent years. We stated our view that this trend
is supported by advances in renewables technology, advances in battery storage, subsidies for low carbon
energy, a carbon price on high-carbon power generation and, in our view, by the growth of auction-based
systems for developers of wind and solar installations to gain the right to build projects. Competitive
auctions, commonplace for other power generation technologies and highly cost efficient, have become

an increasingly popular policy for renewable energy in favour of feed-in tariffs.

Battery storage: A sharp advancement in battery technology, for instance via more efficient use of
lithium or advances in aluminium battery technology, would transform the energy economy in our view.
It would further catalyse the growth of renewables in the energy mix as the energy produced from
intermittent renewables could be stored until needed. There are also important implications for the
transport sector, as batteries are a major component cost of electric vehicles. Table 2 gives the

historical trend data for battery storage costs, taken as the average of a number of papers which have
studied the trends.

HSBC <»
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As with the solar data, Table 2 shows data for battery storage costs, broken down as ‘standard’, i.e. predictions
under the TIAM-UCL model for technology learning, and with the added constraint of faster cost decreases per
kW in ‘accelerated’, which is the data points applied under the INDC+ACCEL scenario.

Electric vehicles: Currently, batteries are an expensive and bulky component in electric vehicles (EVs).

In our report Stranded Assets: what next?, 16 April 2015, we identified electric vehicles as a beneficiary

technology of the advancements in battery storage, i.e. that as battery technology advances so do EVs.

A step-change or continued incremental improvements would clear an important hurdle in their ability to
take significant market share from traditional petroleum-burning engines, and change the demand profile
for oil — the transport sector currently uses oil for 95% of its energy and accounts for 60% of oil use.
Under the INDC+ACCEL Scenario, EVs are considered as a third, separate clean technology, given the
technological advancements which can be made beyond batteries and specifically in relation to electric
car technology and associated infrastructure. Table 2 shows data for the retail price of electric vehicles,
broken down as ‘standard’, i.e. predictions under the TTAM-UCL model for technology learning, and
with the added constraint of faster price decreases in ‘accelerated’, which is the data points applied under
the INDC+ACCEL scenario.

For the purposes of this study, the energy system is mapped forward to 2050, the date at which the IPCC
stated a 40-70% emissions reduction vs 2010 levels is needed in order to maintain warming to 2°C. In this
report, outputs from the model are analysed at 2050 and also at 2030, the period when a Universal

Climate Agreement comes to an end.

TIAM-UCL includes 16 geographies with different assumptions for climate policy, technological
development, and commodity markets. We discuss outputs in terms of the global energy system but also
focus in more detail on the US as the world’s largest economy and on China and India, arguably the
biggest growth economies over coming decades and predicted by the IEA to be the largest sources of

emissions growth.

12
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Figure 1: HSBC’s future energy system scenarios
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Four scenarios modelled

2°C

2°C Scenario

This scenario delivers a maximum temperature rise of 2°C higher than pre-industrial levels, which is the
globally agreed temperature goal. This is achieved by restricting emissions to levels consistent with a 2°C
world within the climate module of TTAM-UCL (see box 1).

Technology transfers between regions are facilitated and trading of CO, emissions are fully permitted to

allow the world to keep within the carbon budget and achieve this in the most cost-optimal manner.

2°C + ACCEL Scenario

This scenario builds on the 2°C above by adding faster than expected reductions in the future cost of

specific clean technologies — renewables, energy storage and electric vehicles. In this case we alter the
rates of technology learning so that intermittent renewables (solar PV & wind), battery storage and

electric vehicles (EVs) — become cheaper and therefore more widely deployed.

INDC Scenario

Most of the INDCs that countries have put forward towards a UCA contain mitigation targets. These goals
are used as the basis for the INDC scenario. In this case the TIAM-UCL model restricts emissions in a way
that is consistent with the INDC aims. The model cut-off date for this analysis was 31 August 2015. At this
point not all country INDCs were published (detailed in Appendix 2) including several large emitters,
including India, Indonesia and Brazil.

For larger emitters that had not released their INDCs at the time the model was run, the model instead
includes the emissions reduction pledges made at the Copenhagen Conference of Parties (CoP15) in 2009
which formed part of the Copenhagen Accord, which are generally-emission reduction goals for 2020.

Since the model results map the energy system to 2050, it is also necessary to estimate what might occur
to emissions after the end of the INDC period. The model was set to assume that GHG emissions per
capita remain constant for all regions after the end of their INDC period, or are fixed at their 2030 level if
no pledged contribution exists. Emissions after 2030 therefore grow or shrink depending on changes in
regional population. Although other countries have nominally made pledges post-INDC, these are either
not included within legislation or were adjudged by UCL to be unlikely to become firm targets, given
current political and social environments. The only exceptions to this are the European Union (EU) and
Mexico, both of which have made firm commitments to GHG emissions in 2050 (the EU built on its
INDC pledge of a 40% emissions reduction on 1990 levels by 2030 with an 80% target for 2050. Mexico
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pledged a 25% reduction on its BAU scenario by 2030 vs 1990 levels with a 2050 target of a 50%
reduction on 2000 levels.) The INDC scenario hereby seeks to understand how the energy system can
generate emissions in compliance with a UCA in the most cost-optimal manner.

INDC+ACCEL Scenario

Under this scenario, again only the INDCs are followed, but these are combined with the ACCEL
technology improvements, in order to understand the impact these constraints would have on the

energy system, i.e. what the system would look like given both strong climate regulation and rapid
technological advance.

HSBC <»

Box 2: Global Apollo Program — a clean technology catalyst?

Advances in technology can and will likely continue to be delivered organically through research and
development at universities and innovative companies in our view. However, some are taking steps to
expedite progress. An example is an initiative founded by Sir David King, the UK’s Chief Scientific
Advisor, Lord Browne, former CEO of BP plc and a number of senior academics; the Global Apollo
Program’s aim is to accelerate the decarbonisation of the world economy through more rapid technical
progress, achieved through an internationally-coordinated program of shared research and development.
The Program is focussing on certain key technologies, including the three modelled for in our
INDC+ACCEL scenario - renewables, battery storage and electric vehicles (the others are grid
management and use of hydrogen).

In our report Stranded Assets: what next?, 16 April 2015, we considered technology drivers which catalysed

the supply and demand sides of the energy economy and which pose stranding risks to fossil fuels, making
them economically non- or less viable. We believe such risks to be material and entirely plausible. In the past,
advancements in technology have catalysed supply and demand in the energy economy rapidly. An example
is the rapid switch from steam to diesel and electric trains in the 1950s and 1960s. A second is the rise of
nuclear in France’s power mix in the mid-1970s, as the imported oil used in the majority of electricity
generation became more costly following what is known as the first oil crisis, when OPEC ceased exports and
oil prices rose by around four times in under a year. Nuclear’s share in the French power mix went from
under 4% in 1970 to almost 60% in 1984 and 78% in 1993. We believe these examples demonstrate that
transitions in parts of the energy system can happen quickly, when exogenously catalysed, in these cases by

technological advance and market prices driving relative economics.

Risks to HSBC'’s energy transition scenarios

A number of factors in the model may not be fully captured. We think these could be expected to alter
energy system flows and give different output data, although overall, we think the model is robust in its
range of inputs. Risk factors to the output include:
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Factors susceptible to inertia in the real world (e.g. consumer behaviour) — i.e. where demand may
not adjust in an entirely cost-rational manner and instead display entrenchment — may not be fully
captured by the model.

Rapid progress may be experienced in further technologies which have not been modelled. This could
occur in cleantech, including less widely deployed forms of renewable energy such as tidal, wave and
different types of solar power generation. It could also happen in relation to fossil fuels, including
types of unconventional gas and oil, rapid cost reductions in relation to use of compressed and
liquefied natural gas, and in relation to enhanced oil recovery.

The TIAM-UCL model output, in relation to additions of specific technologies to the energy mix,
may vary from that used by HSBC analysts because of input differences. Specifically, the use of
2010’s actual figures for additions of power generation technologies as a base year means capacity
additions from that point forward are calculated by TTAM-UCL with certain roll-out constraints. It
should be noted that, in some instances, capacity additions may break through this roll-out ‘ceiling’.
Shorter term projections for intermittent renewable technologies through to 2015 and to 2020 (based
on 2010), for instance, have been surpassed by some distance by the actual numbers seen to date.
HSBC analysts are utilising more up-to-date actual data from which to base future trajectories for
capacity additions.

Global data outputs from TIAM-UCL may mask regional data which is conflicting or moving in
opposing directions, and regional data points may contain components which are similarly non-
symmetrical for nation states or sub-national areas or markets. To illustrate, much of the data
described in this report was generated at the global level and then broken down for China, India and
the US. In relation to demand for power, the model suggested a rising trend in the long term. This
may not be consistent with what HSBC analysts have predicted for Europe, where efficiency gains
are predicted for the next 10 years leading to gradually falling demand, as described in HSBC’s
report, European Energy Utilities, 10 April 2013. However, such a prediction for European efficiency
gains is masked by the global data and to an extent by the discussion of timeframes in #his report
which focus on 2030 and 2050.

There are large uncertainties around the evolution of the industry sector structure. This is particularly
the case in emerging and developing economies, many of which could choose to bypass heavy
industrial activity in favour of a service-based economy, which means that the role of fossil fuels
across different sectors, and in different regions, remains a challenge to assess accurately. Economic
re-structuring was built into the industry drivers, allowing some manufacturing-to-service
restructuring to occur in some countries/regions included in the model, explained in more detail

in Appendix 1.

Fundamental underlying socio-economic input building-blocks such as GDP and even population
may not be accurate. Certainly, forecasts show a range rather than a narrow consensus. Divergence
from predicted numbers could substantially alter energy and emissions trajectories.
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Conclusions

HSBC commissioned UCL Energy institute to model future energy systems in order to demonstrate how
the supply and use of fossil fuels could change in response to climate regulation and faster than
anticipated technological change. The four scenarios analysed which were identified by HSBC consist of
delivering a cost optimal energy system that meets a 2°C climate goal, a cost optimal energy system that
builds on country pledges according to the INDCs. In addition we have added accelerated technology
deployment rates driven by faster cost reductions than in a standard case. In the next chapters we look at
the results from each scenario.
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The 2°C energy transition

» Coal demand declines 35% during 2010-30 and further thereafter,
as use in power is down 92%. Renewables grow 5 times by 2030

» Gas demand grows 52% during 2010-30, driven by all major
sectors, oil rises 16% with more vehicles in developing countries

» Investment costs in power generation increase 4 times during
2010-30, to USD 870bn pa

16% more energy consumed in 2030 under the 2°C scenario

Fossil fuels remain part of a cost optimal energy system to meet a 2°C world

The 2°C scenario, delivers a maximum temperature rise of 2°C higher than pre-industrial levels, which is
the globally agreed temperature goal. This is achieved by varying the climate module to achieve a
maximum 2°C and allowing other variables to adjust in a cost-optimal manner, against the backdrop of
higher energy consumption across the economy, 16% higher in 2030 than 2010 and 50% higher in 2050.

In this section, we consider key findings from data generated by the TTAM-UCL model, under the
emissions constraints of the 2°C Scenario, which suggest what the cost-optimal energy system could look
like in 2030 and 2050 if 2°C indeed becomes the policy target.

The first section looks at fuel consumption per fossil fuel. Subsequent sections look at fuel consumption
per sector with a focus on the future for power generation, including investment costs. We have focused
on this sector because power is the sector most commonly prioritised for emissions reductions as

technological substitutes for fossil fuels are most viable here, from a capacity and cost point of view.

Fossil fuels remain in a cost optimal 2°C energy system

Coal use declines 35% during 2010-2030 and by 69% to 2050

The majority of the decline (92%) in global coal consumption is from power sector decarbonisation under
the 2°C scenario. The challenge of removing coal from the industry sector, where technology allows less
substitution, is evident however and coal increases by 6% by 2030 and reduces by only 15% by 2050.
Around 30 exajoules (or about one and a half billion tonnes) of annual coal consumption remains in 2050,
a much more modest 15% reduction on levels in 2010 (compared to the fall seen in the power sector). By

2050 a large proportion (around 66%) is also used for non-energy uses.
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Figure 2: Key tenets of the energy system under the 2°C Scenario
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Source: UCL, HSBC
Note: For renewables, data calculated from power generation in solar, tidal and wind sectors
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Oil use increases by 16% during 2010-2030, and by 20% to 2050

Current and future use of oil reflects the use of this commodity in both transport and industry sectors, which
accounted for 60% and 23% of consumption in 2010 respectively. The 2°C scenario has a lower level of car
stock decarbonisation than in INDC+ACCEL but much stronger action in other transport sub-sectors.
Nevertheless, despite the complete switching to LNG in the shipping sector and significant passenger and
freight vehicle efficiency gains, under the 2°C scenario oil use in transport is also still 20% higher in 2050
than in 2010.

Gas use increases by 52% during 2010-2030, and by 90% by 2050

Consumption of natural gas increases substantially, reflecting the importance of this commodity under
even stringent climate objectives. Low growth is observed in the buildings sector, where emissions cannot
be captured using CCS. More gas is used in industry, reflecting the need to displace coal. More gas is also

used in transport, as LNG takes share as the feedstock in ship engines.
Power generation under 2°C — exit fossil fuels from the mix

The power sector accounted for 31% of emissions in 2010 and is key to achieving climate goals. A key
finding from the TTAM-UCL model, in our view, is substantial growth in demand for power. This
highlights the increasing use of power in some sectors — transport to power electric vehicles, heating in
buildings where it is a cost-optimal way of replacing fossil fuels in the overall mix and increased use in
several industrial processes. It is also reflective of overall population and GDP growth over the period.
Total global power generation under the 2°C scenario increases from 73,153 PJ in 2010 to 94,432 PJ in
2030, a 29% increase. By 2050, this reaches 176,724 PJ, a 142% increase.

Fossil fuels — mostly coal and gas — are dominant in the power sector fuel consumption mix in 2010,
accounting for 64% and 25% shares, respectively. Under the 2°C scenario, the main difference from other
scenarios lies in the removal over coming decades of coal from the list of power generation feedstock,
and in the use of gas largely with CCS technologies. By 2030, coal use in the power sector is down to
46,600PJ from 95,795 PJ, a 51% drop from 2010 and now representing 37% of the total fuel consumption
mix in the sector. By 2050, coal represents only 6% of the total fuel consumption mix, dropping 92%
relative to 2010.

Much of the increase in total power capacity is met by low carbon sources of generation, in particular
nuclear, solar and hydro. Chart 6 illustrates the changes in the mix. The stringency of the target also
results in a role for biomass CCS (BECCs), generating so-called negative emissions (i.e. whereby carbon
is sequestered from the atmosphere through photosynthesis in plants to be used for fuel — typically, but
not restricted to, wood products — and then the carbon emitted through combustion for fuel is in turn

captured and stored away).

The CO, intensity of electricity falls to 253 gCO,/kWh in 2030, representing a 53% drop from 2010, as
seen in chart 6. By 2050, this figure is down to 6 gCO,/kWh, representing almost a 99% drop — a virtually
decarbonised power mix (when CCS is included). This reflects the importance of power in cost-effective
decarbonisation of the economy in line with the 2°C target — power is the low-hanging fruit sector in

terms of emissions mitigation.

20

HSBC <>

2°C




glli:;:;:e change HSBC <X>

November 2015

2°C

Chart 6: Global power generation by fuel source and CO: intensity of power production under 2°C scenario
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Investment in new power capacity highest in nuclear and renewables by 2050

Sharply rising investments in power capacity additions are required to meet demand for electricity. Table 3
breaks this down per fuel source, showing how much capacity in gigawatt (GW) is coming on line each
year. In descending order, natural gas, nuclear, solar PV and offshore wind are the generation categories

driving the largest capacity additions in 2030. By 2050, solar PV is the largest.

The new capacity translates to substantial annual investment costs rising dramatically over time.
(Investment costs include costs incurred by new capacity added to the system in earlier years and still
operating, discounted over the expected lifespan.) Annualised investments in solar photovoltaic
installations increase from USD20.8bn per annum in 2010 to USD106.1bn in 2030 (an increase of over
5x) and USD332.2bn in 2050 (15x). Solar thermal investments increase from USD1.1bn in 2010 to
USDS5.0bn in 2030 (an increase of 3.4x) and USD223.5bn in 2050 (an increase of ¢.200x). Annualised
investments in wind power also soar: offshore installations increase to USD2.2bn in 2030 (up 638%) and
to USD82.9bn in 2050 (up 280x), onshore increases to USD87.5bn in 2030 (an increase of 144%) and
USD204.7bn in 2050 (an increase of 471%). For nuclear, annualised investments in installations to
USD203.2bn in 2030 and USD723.5bn in 2050, the largest area of power investment at both these dates.

In relation to natural gas, however, annualised investments in installations increase from USD38.3bn in
2010 to USD107bn in 2030 (up 179%) but then decrease to USD94.5bn in 2050. Annualised investments
in coal increase from USD92.3bn in 2010 to USD208.2bn in 2030 (up 126%) but then decrease sharply to
USD64.3bn in 2050 (down 30% vs 2010). Table 3 illustrates that carbon capture and storage features in a
cost-optimal 2°C scenario for some biomass and natural gas and for all coal use as fuel stocks.
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Table 3: Global annualised capacity additions and investment costs in power sector under the 2°C scenario

2010 2030 2050

Capacity additions Investment costs Capacity additions Investment costs Capacity additions Investment costs

(cw) (USDm) (Gw) (USDm) (GW) (USDm)

Biomass 1 1,007 1 10,095 3 14,469
Biomass CCS 0 0 5 6,996 16 61,812
Coal 101 92,299 20 208,212 0 64,325
Coal CCS 0 0 1 1,478 12 20,488
Natural Gas 90 38,331 44 106,971 16 94,451
Natural Gas CCS 0 0 7 3,690 88 75,479
Geothermal 0 0 6 23,483 22 126,554
Hydro 23 19,134 23 105,370 79 410,301
Nuclear 0 518 41 203,162 107 723,470
Oil 0 24 0 546 0 0
Solar PV 10 20,814 34 106,123 156 332,192
Solar thermal 0 1,130 2 4,956 84 223,515
Tidal 0 0 0 0 0 278
Wind-offshore 0 294 1 2,172 30 82,918
Wind-onshore 37 35,879 36 87,462 91 204,740
Total 263 209,431 222 870,715 703 2,434,993

Source: UCL, HSBC. Note: Forward looking capacity additions for 2030 and 2050 are cost-optimal projections. There is some recognition of 2010’s actual figures as a base year, however, and
capacity additions from that point forwards are calculated by TIAM-UCL with certain roll-out constraints. It should be noted that, in some instances, capacity additions may break through this roll-
out ‘ceiling’. Shorter term projections for intermittent renewable technologies through to 2015 and to 2020 (based on 2010), for instance, have been surpassed by some distance by the actual
numbers seen to date.

Primary energy demand increases across all sectors under 2°C

Primary energy consumption increases in most sectors of the economy (except for power), with the
highest overall proportional increases by 2050 in agriculture (90%), upstream (322%), and transport
(79%). However, while power, the biggest consumer of primary energy, sees a significant shift from coal
to low carbon technologies, in other sectors, fossil fuels retain share. Here we look at how energy is used

in the other three major demand sectors of the energy system.

Industry uses more power, and more fossil fuels, though coal use declines

Industry accounted for 27% of total energy use and 22% of emissions in 2010. Use of low-carbon energy
and efficiency improvements in this sector would therefore be meaningful in terms of overall mitigation
targets. However, the high level of fossil energy use in industry in 2030 and 2050, even under the 2°C
scenario, is largely due to limited fuel switching potential and large feedstock use across the different
industrial processes, particularly the chemical sector, in which naphtha (derived from oil) is relied upon
heavily. Chart 7 shows this as well as that industry accounts for a material share of the increased demand

for power generation, described in the previous section.

In the 2°C scenario, coal consumption in industry increases by 6% between 2010 and 2030 and drops by
just -15% by 2050, illustrating the feasibility challenge of removing all coal from the industry sector,
even under stringent climate constraints. This reflects both the cost-effectiveness of using coal to generate
high temperature heat, its usefulness in combined heat and power as many sub-sectors can utilise both the
heat and electricity generated, and the lack of technological alternatives for many specific processes, in

particular steel making.

Currently, steel is typically made using coking coal, which is combined with iron ore and limestone to
achieve high temperatures and remove water, tar and coal gas. However, a process called direct reduced iron

uses natural gas to concentrate iron ore into pellets within a furnace that requires less or no coking coal. Iron
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and steel is the largest industrial sector in terms of energy use, accounting for 37% of the total in 2010. Use

of gas in this subsector increases by 247% by 2050 and by a similar amount for other metals processes.

The analysis shows that gas is a vital alternative when trying to reduce emissions across the industrial
sector, given the need to reduce coal consumption to the maximum extent possible, across all subsectors,
as coal is the most carbon intensive of fossil fuels. Chart 8 illustrates the ranges of relative CO, intensity
of producing power with different fossil fuels. In industry as a whole, gas use increases more in the 2°C
scenario than in INDC, increasing by almost 99% in 2050 relative to 2010. Similar to gas, oil use
increases materially, by 30% by 2030 and over 61% by 2050.

Overall, the direct fossil fuel share as feedstock to industry falls from 71% in 2010 to 62% in the 2°C
scenario. Biomass, electricity and heat (mainly produced by combined heat and power) account for the
non-fossil share, in aggregate doubling relative to 2010 levels across all scenarios. Combined with greater
energy efficiency gains, a larger increase in these types of energy in 2°C allows for the lower share of
fossil fuels. Overall, however, and despite the drop in coal use, absolute fossil fuel consumption increases
by 31% between 2010 and 2030 and 46% by 2050.

Chart 7: Industry fuel consumption under the 2°C scenario Chart 8: Lifecycle GHG emissions for electricity generation
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Oil still dominates transport, gas and electricity the new entrants

Transport accounted for 18% of total energy use and 19% of emissions in 2010. Total primary energy
consumption by the transport sector increases under 2°C by 32% by 2030 and 79% by 2050, versus 2010
levels. Within this, as shown by chart 9, oil consumption broadly maintains its share (down to 64% in
2050) and grows 16% in absolute terms. The largest growth in demand from this sector is for electricity
(up from 1% to 7% in 2050), used to power EVs and for gas (up from 1% to 21% in 2050), which will be
increasingly competitive for use as liquefied natural gas (LNG) in shipping. Hydrogen use also becomes
competitive under the 2°C scenario and shows an increase in market share from 0% to 8%.
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Chart 9: Transport fuel consumption under the 2°C scenario Chart 10: Buildings fuel consumption under the 2°C scenario
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Buildings will consume more power as fossil consumption slides

The buildings sector sees growth in total energy consumption of 122,426PJ in 2030 (up 12% on 2010)
and an increase up to 141,982PJ in 2050 (up 29%). Power use fulfils the majority of energy demand in
buildings in 2050 as a cost-optimal means of achieving economy-wide decarbonisation. Chart 10
illustrates growth of 49% by 2030 and 157% by 2050. Meanwhile, overall fossil fuel use in buildings is
down to 35,475PJ in 2050 from 41,219PJ in 2010 (a drop of 14%).

2050 GHG emissions down to 24.8 GtCO.e p.a., down 47% vs
2010, giving 2°C warming in 2100

The principal constraint put on TTAM-UCL model for this scenario was to limit warming to 2°C. Annual
GHG emissions in 2050 are constrained down to 24.8GtCO,e to give a 60% probability of the temperature
change at 2100 being 2°C, vs pre-industrial times. TIAM-UCL has suggested the cost-optimal changes to
the energy system which will get to this number from 46.9GtCO,e in 2010. It is this which has governed

major changes in the energy system, including the dramatic switch away from coal in power.

CO, emissions are up most from the transportation and industry sectors, by 31% and 33% in 2050

(excluding CO, capture). However, the share of emissions from power is down from 31% in 2010 to 20%

in 2030 and 13% (excluding CO, capture) in 2050. Chart 11 captures this and also illustrates the growing
importance of sequestration — via CCS at the point of fossil fuel combustion and via use of biomass, seen
as the part of the column below zero on the vertical axis — in bringing emissions down towards the level

commensurate with the 2°C target.

By 2050, emissions are down in India by 12%, US by 75% and China by 50%, illustrated by Chart 12.
On a per capita basis, India is down 34%, China by 52% and the US by 80%.
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Chart 11: CO emissions by sector under the 2°C scenario

Chart 12: Regional emissions under the 2°C scenario
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Conclusion

In a 2°C world, the cost-optimal energy system will see less coal used across the economy but upticks in
consumption of gas and oil. Meanwhile, there will be soaring investment in renewables, as regional per

capita emissions come down in most regions, seen in Chart 12.

In the buildings sector, there is considerable scope for emissions reductions, both by building green new

buildings and through retrofitting. We explored this theme in Green Buildings and climate, 21 July 2015,
looking at how energy efficiency measures implemented to optimise energy use during the occupancy phase
offer a significant emission reduction potential. Ambitious retrofitting through glass, insulation and efficient
building products can mean emissions per capita and per building are much reduced. Furthermore, advances
in renewable power generation and battery storage increasingly mean buildings can act as mini-power
stations at cost-effective levels of investment. Indeed, under the 2°C scenario, the prediction is that on-site
renewables will be used much more, increasing by 93% by 2030. However, this is from a very small base

and even at this point, they will only account for 3.8% of total generation, globally.

The most dramatic shift away from fossil fuels is in the power sector, as we have already seen, where a
material transition results from cost-optimal decarbonisation of the overall economy, as coal declines
materially and use of CCS becomes competitive. Asset allocation in long-term investment portfolios
which are positioned for a 2°C world should consider this change in the balance and scale of use of fossil
fuels, the fact that the power sector will see huge investment in coming decades and gauge whether assets

are resilient to 2°C warming.
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The 2°C+ACCEL energy
transition

» Coal demand declines by 66% from 2010-50, with use in power
down 88%, as renewables grow 8x to 65% feedstock share

» Gas demand grows 49% from 2010-30 and 80% to 2050, driven
by growth in all major sectors, with oil demand down 8%

» Investment costs in power generation increase by 321% from
2010-30, to USD1.12trn p.a. By 2050, they reach USD2.34trn p.a.

17% more energy consumed in 2030 under 2°C+ACCEL

The 2°C+ACCEL Scenario, described on page 14, delivers a maximum temperature rise of 2°C higher
than pre-industrial levels, which is the globally agreed temperature goal. This is achieved by varying both
the climate module to achieve a maximum 2°C and by varying the technology module to increase the
speeds of cost reduction for key clean technologies, then allowing other variables to adjust in a cost-
optimal manner, against the backdrop of higher energy consumption across the economy, 17% higher in
2030 than 2010 and 44% higher in 2050. In this section, we consider key findings from data generated by
the TIAM-UCL model, under the emissions and technology constraints of the 2°C+ACCEL Scenario,
which suggest what the cost-optimal energy system will look like in 2030 and 2050. The first section
looks at fuel consumption per fossil fuel. Subsequent sections look at fuel consumption per sector with a
focus on the future for power generation, including investment costs.

Overall fossil fuel consumption — coal and oil down long term

Coal use declines 29% during 2010-2030 and by 66% to 2050

Under the 2°C+ACCEL scenario global coal consumption declines over both time periods is mostly
driven by power sector decarbonisation. The challenge of removing coal from the industry sector, where
technology allows much less substitution, is evident however and coal increases by 11% by 2030 and
reduces by only 10% by 2050. By 2050, around 31 exajoules (or about 1.5 billion tonnes) of annual coal
consumption remains in the industry sector. By 2050 around 63% is also used for non-energy uses.
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Figure 3: Key tenets of the energy system under the 2°C+ACCEL Scenario
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Oil use increases by 16% during 2010-2030, but decreases by 8% to 2050

Current and future use of oil reflects the use of this commodity in both transport and industry sectors. The
decrease of 8% in 2050, reflects continued cost reductions for EVs seeing them taking more transport
share under the 2°C+ACCEL scenario. With the complete switching to LNG in the shipping sector,
significant passenger and freight vehicle efficiency gains, and cheaper EVs, under the 2°C+ACCEL

scenario oil use in transport is 31% lower in 2050 than in 2010.

Gas use increases by 49% during 2010-2030, and by 80% by 2050

Consumption of natural gas over both time periods reflects the importance of this commodity under even
stringent climate objectives. Low growth is observed in the buildings sector, where emissions cannot be
captured using CCS. More gas is used in industry, reflecting the need to displace coal. More gas is also

used in transport, as LNG takes share as the feedstock in ship engines.

Power generation under 2°C+ACCEL - nuclear, solar and
hydro replace coal and gas

Total global power generation under the 2°C+ACCEL scenario increases by 38% from 2010-30. By 2050,

there is a 179% increase.

Fossil fuels — mostly coal and gas — are dominant in the power sector fuel consumption mix in 2010,
accounting for 64% and 25% shares, respectively. Under the 2°C+ACCEL scenario, the main difference
from other scenarios lies in the removal over coming decades of coal from the list of power generation
feedstock, and in the use of gas largely with CCS technologies. By 2030, coal use in the power sector is
down 45% from 2010 and now represents 39% of the total fuel consumption mix in the sector. By 2050,

coal represents only 7% of the total fuel consumption mix, dropping 88% relative to 2010.

Much of the increase in total power capacity is met by low carbon sources of generation, in particular
nuclear, solar and hydro. Chart 13 illustrates the changes in the mix. Again, there is a role for biomass
CCS (BECCs).

The CO; intensity of electricity falls to 255 gCO,/kWh in 2030, representing a 52% drop from 2010, as
seen in chart 13. By 2050, this figure is down to 6gCO,/kWh, representing almost a 99% drop — as per the

2°C scenario, a virtually decarbonised power mix.
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Chart 13: Power generation by fuel source under the 2°C+ACCEL scenario
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Investment in new power capacity led by renewables

More capacity additions are required for 2°C+ACCEL than under 2°C, driven by the additional demand
from electric vehicles. Cheaper solar photovoltaic under the variations made to the technology learning
module in this scenario factor through into the power generation mix, taking a greater share of new
capacity additions, where annualised investments are up to USD165.3bn in 2030 and USD426.6bn in
2050. Solar thermal increases from to USD3.5bn in 2030 and then soars to USD214.7bn in 2050.
Offshore wind sees annualised investments up 20x to USD8bn in 2030 and then to USD91.6bn in 2050.

Some low-carbon technologies do not rise as much as under 2°C, displaced by cheaper solar despite the
higher overall demand for energy in 2°C+ACCEL. Onshore wind rises 116% from USD35.9bn in 2010
to USD77.4bn in 2030 and then higher to USD190.7bn in 2050. Investments in nuclear are up to
USD178bn in 2030 and USD654.1bn in 2050.

New fossil fuels generation: i.e. using natural gas and coal, follows a similar pathway under both the 2°C
scenarios, although there is less short-term growth in coal-powered generation, displaced more quickly by
solar. Table 4 illustrates that carbon capture and storage features in a cost-optimal 2°C+ACCEL scenario
for some new biomass and natural gas capacity additions and for all new coal use as a fuel.

Primary energy demand increases across all sectors under
2°C+ACCEL

Primary energy consumption increases in most sectors of the economy (except for power), with the
highest overall proportional increases by 2050 in agriculture (90%), industry (71%) and upstream (204%).
However, while power, the biggest consumer of primary energy, sees a significant shift from coal to low
carbon technologies, in other sectors, fossil fuels retain share. Here we look at how energy is used in the
other three major demand sectors of the energy system.

Industry uses more power, and more fossil fuels, though coal use declines
The high level of fossil fuel energy use in industry in 2030 and 2050, even under the 2°C+ACCEL

scenario, is largely due to limited fuel switching potential and large feedstock use across the different
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Table 4: Global annualised capacity additions and investment costs in the power sector, under the 2°C+ACCEL scenario

2010 2030 2050

Capacity additions Investment costs Capacity additions Investment costs Capacity additions Investment costs

(cw) (USDm) (Gw) (USDm) (GW) (USDm)

Biomass 1 1,007 0 9,758 0 4,616
Biomass CCS 0 0 3 5,266 26 75,684
Coal 101 92,299 21 210,146 0 64,399
Coal CCS 0 0 2 2,275 11 19,683
Natural Gas 90 38,331 46 103,158 S 89,649
Natural Gas CCS 0 0 5 2,677 19 22,967
Geothermal 0 0 5 19,695 19 112,322
Hydro 23 19,134 20 93,229 55 367,131
Nuclear 0 518 46 178,014 93 654,050
Oil 0 24 3 1,198 0 904
Solar PV 10 20,126 101 165,248 300 426,634
Solar thermal 0 1,130 2 3,531 174 214,744
Tidal 0 0 0 0 0 278
Wind-offshore 0 294 4 8,015 40 91,630
Wind-onshore 37 35,879 40 77,393 123 190,645
Total 263 208,744 299 879,603 865 2,335,336

Source: UCL, HSBC. Note: Forward looking capacity additions for 2030 and 2050 are cost-optimal projections. There is some recognition of 2010’s actual figures as a base year, however, and
capacity additions from that point forwards are calculated by TIAM-UCL with certain roll-out constraints. It should be noted that, in some instances, capacity additions may break through this roll-
out ‘ceiling’. Shorter term projections for intermittent renewable technologies through to 2015 and to 2020 (based on 2010), for instance, have been surpassed by some distance by the actual
numbers seen to date.

industrial processes, particularly the chemical sector. Chart 14 shows this as well as that industry accounts
for a material share of the increased demand for power generation, described in the previous section. Coal
consumption in industry increases by 11% between 2010 and 2030 and drops by just 10% by 2050,
illustrating the feasibility challenge of removing all coal from the industry sector, even under stringent
climate constraints. This is unsurprising as the variations made to the technology learning module under
this scenario do not have extensive application to the industrial sector, particularly compared to uptake in

power and transport.

In industry as a whole, gas use increases by almost 102% in 2050 relative to 2010. Similar to gas, oil use
increases materially, by 31% by 2030 and over 68% by 2050.

Overall, the direct fossil fuel share as feedstock to industry falls from 71% in 2010 to 63% in the
2°C+ACCEL scenario. Biomass, electricity and heat (mainly produced by combined heat and power)
account for the non-fossil share, in aggregate doubling relative to 2010 levels across all scenarios.
Combined with greater energy efficiency gains, a larger increase in these types of energy allows for the
lower share of fossil fuels. Overall, however, and despite the drop in coal use, absolute fossil fuel
consumption increases by 34% between 2010 and 2030 and 51% by 2050.

With stronger cost reductions in renewable technologies, an increase in overall generation is observed, for
solar and wind technologies in the 2°C+ACCEL case.

Oil use in transport is down, as gas and electricity take share

Transport accounted for 18% of total energy use and 19% of emissions in 2010. Total primary energy
consumption by the transport sector increases under 2°C+ACCEL by 31% by 2030 and 44% by 2050,
versus 2010 levels. Within this, as shown in chart 15, oil consumption broadly maintains its share (down
to 47% in 2050) and declines by 31% in absolute terms. The largest growth in demand from this sector is

for electricity (up from 1% to 20% share in 2050), used to power EVs which under this scenario see costs
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Chart 14: Industry fuel consumption under the 2°C+ACCEL
scenario
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fall faster to USD31,200 per vehicle in 2050, vs USD54,200 under the standard case, and therefore also
see greater adoption, and for gas (up from 1% to 25% share in 2050), which will be increasingly

competitive for use as liquefied natural gas (LNG) in shipping. Hydrogen use also becomes competitive

and shows an increase in market share from 0% to 8%. The reductions in oil use through innovation in

alternative technologies, in 2°C+ACCEL, results in oil consumption below 2010 levels in 2050.

Chart 15: Transport fuel consumption under the 2°C+ACCEL
scenario

Chart 16: Buildings fuel consumption under the 2°C+ACCEL
scenario
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Buildings will consume more power, consumption of fossil fuels peaks in 2030

The buildings sector sees growth in total energy consumption rise 15% in 2030 (on 2010) and 37% in 2050.

Power use fulfils the majority of energy demand in buildings in 2050 as a cost-optimal means of achieving

economy-wide decarbonisation. Chart 16 illustrates growth of 54% by 2030 and 169% by 2050. Meanwhile,

overall fossil fuel use in buildings is down to 39,631PJ in 2050 (a drop of 4% from 2010).

HSBC <»
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Annual GHG emissions fall to 23.6 GtCO.e in 2050, giving 2°C
warming in 2100

The principal constraint put on the TTAM-UCL model for this scenario was to limit warming to 2°C. As
with the 2°C scenario, the temperature increase at 2100 is indeed 2°C at a 60% probability, constrained
by bringing annual GHG emissions at that point down to 23.6GtCO,e. TIAM-UCL has suggested the
cost-optimal changes to the energy system which will get to this number from 46.9GtCO,e in 2010. Itis
this which has governed major changes in the energy system, including the dramatic switch away from
coal in power. The most notable difference from the 2°C Scenario is that emissions from transport are
down dramatically in 2°C+ACCEL, driven by cheaper EVs, allowing lower emissions cuts from other
sectors, notably buildings.

Chart 17: CO emissions by sector under the 2°C+ACCEL Cgiart 18: Regional per capita emissions in 2°C under the
scenario 2°C+ACCEL scenario
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CO, emissions contribution is up most from the transportation and industry sectors, by 23% and 38% in
2050 (excluding CO, capture). However, the share of emissions from power is down from 31% in 2010 to
21% in 2030 and 13% (excluding CO; capture) in 2050. Chart 17 captures this and also illustrates the
growing importance of sequestration in bringing emissions down towards the level commensurate with
the 2°C target, as regional per capita emissions again come down in most regions, seen in Chart 18.

Conclusion

Investors and companies believing in strong climate regulation and accelerated cost reductions in clean
technologies should position themselves for a global economy in which coal consumption is down
substantially as oil drifts down too by 2050, while gas grows significantly. In the transport sector, the
major difference is the growth in EVs, which require more electricity, and in ships using LNG instead of
oil-based bunker fuel. Companies in a number of sectors stand to gain from this transition along the value
chain: builders of cars and ships and components for these, infrastructure suppliers for recharging or
refuelling as well as providers of power and natural gas. Buildings are also catalysed by cheaper
technology as lower cost renewables and batteries under the 2°C+ACCEL scenario, mean that on-site
renewables will be used much more, increasing by 84% by 2030. However, this is from a very small base
and even at this point, they will only account for 2% of total generation, globally.

Meanwhile, the power sectors sees larger demand under this scenario and also benefits from the clean
tech catalysts — investors should be aware of the growth of this sector and the cost-optimal mix within the
more stringent climate restrictions applied, which includes CCS for gas turbines.
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The INDC energy
transition

» Coal demand increases 17% in 2010-50. Coal use in power is
down 18%, as renewables grow 4x to 29% feedstock share

» Gas demand grows by 37% in 2010-30 and 97% to 2050, driven
by growth in all sectors, with oil up 52% as car use soars

» Investment in power generation increases twofold in 2010-30, to
USD785bn pa; by 2050, it reaches USD1.65trn pa

27% more energy consumed in 2030 under the INDC scenario

The INDC scenario makes the assumption that a Universal Climate Agreement is signed at the
Conference of Parties in Paris later this year. It then assumes that the world ceases to pursue efforts to
stay below 2°C in the long term and instead countries aim only to meet their Intended Nationally
Determined Contributions (INDCs). TIAM-UCL is constrained to achieve targets via variations applied to

the climate module.

In this section, we consider key findings from data generated by the TTAM-UCL model suggesting what
the cost-optimal energy system will look like in 2015 under the INDC Scenario, against the backdrop of
higher energy consumption across the economy, 27% higher in 2030 than 2010 and 72% higher in 2050.
This is broken down into sections for fuel consumption per fossil fuel, power generation (including
investment costs), fuel consumption per sector and greenhouse gas emissions (including temperature
rise). Regional variations are also explained throughout and the implications for the energy system are
discussed as at 2030 and 2050.

Overall fossil fuel consumption — more of everything

Coal increases to 12% by 2030 and 17% by 2050

Under the INDC scenario global coal consumption actually increases. Only in the power sector does coal
use actually decline. Coal use shows a strong increase in the metals sectors in the INDC scenario, where

substitution potential is less simple.
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Figure 4: Key tenets of the energy system under the INDC Scenario
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Gas doubles through 2050, with higher demand from transport and buildings

Consumption of natural gas doubles by 2050 vs 2010, reflecting the importance of this commodity in the
future. Unlike in the 2°C scenario, more gas is used in buildings (up 76% in 2030 and 101% in 2050) and
in transport (up 1,558% in 2030 and 8,157% in 2050).

Oil increases by over 50% by 2050, as road and industry consumption soar

Current and future use of oil reflects the use of this commodity in both transport and industry sectors,
which accounted for 60% and 23% of consumption in 2010 respectively. In the INDC scenario, oil use
increases by 19% in 2030 and by 52% in 2050. The largest demand growth comes from transport (up
60%) and industry (up 82%). Oil use can increase because the climate pledges focus cost-optimal
emissions mitigation efforts in the power sector rather than the transport sector, except for international
shipping, where oil is displaced by gas.

Power generation — coal down, gas flat in share of the mix

As stated in previous sections, the power sector is key to achieving climate goals and a key output of the
TIAM-UCL model, in our view, is the substantial growth in demand for power. Total global power
generation capacity under the INDC scenario increases by 38% from 2010 to 2030, the end of the INDC
period. By 2050, this reaches 157,219PJ, a 115% increase. This is lower than in the 2°C scenario, to
reflect the fact that there is less penetration of EVs in the transport sector meaning less demand for power.

However, while power, the biggest consumer of primary energy sees growth in the mix from low carbon
technologies, fossil fuels retain share, albeit slightly with CCS applied to two fifths of coal production
and a quarter of gas production in 2050. This suggests that the UCA in isolation could have a significant

impact on the generation mix.

Fossil fuels — mostly coal and gas — are dominant in 2010. However, by 2030, coal fuels are 35% of total
power generation. By 2050, coal represents 15% of the mix. Most of the increase in total power capacity
is met by low carbon sources of generation, in particular nuclear, solar and hydro. Un-sequestered gas
production is flat to 2050, although increases 20% through use with CCS.

The CO, intensity of electricity falls to 377gCO,/kWh in 2030, the end of the INDC period, representing
a 30% drop from 2010, as seen in chart 19. By 2050, this figure is down to 169gCO,/kWh, representing
almost a 69% drop. This reflects the importance of power in cost-effective decarbonisation of the
economy in line with the targets agreed by countries in their INDCs — power is the low-hanging fruit

sector in terms of emissions mitigation.
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Chart 19: Global power generation by fuel source under the INDC scenario
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Investment in new power capacity — solar, nuclear, coal and gas fuel electricity
Electricity consumption roughly doubles from 2010 to 2050, requiring new capacity additions. Without the

faster cost reductions seen in the INDC+ACCEL scenarios or the more stringent climate policy of the 2°C
scenarios, there remains headroom for investment in new fossil fuel capacity through to 2020. Table 5
shows annualised coal investments increase from USD92.3bn in 2010 to USD221.4bn in 2030 (an increase
of 140%) and are still at USD151.8bn in 2050. Natural gas investment increases from USD38.3bn in 2010
to USD106.8bn in 2030 (an increase of 179%) and USD134.1bn in 2050 (an increase of 250%). Substantial
investment in new nuclear capacity is also a cost-optimal means of meeting demand, increasing to
USD159.3bn in 2030 and USD509.7bn in 2050. Renewables also grow, with Selar PV investments up
290% to 2030 and reaching USD204.2bn in 2050 (an increase of 881%). Onshore wind investments double
to USD73.4bn in 2030 and reach USD101.4bn in 2050.

Table 5: Global annualised capacity additions and investment costs in the power sector, under the INDC scenario

2010 2030 2050

Capacity additions Investment costs Capacity additions Investment costs Capacity additions Investment costs

(GW) ($m) (GW) ($m) (GW) ($m)

Biomass 1 1,007 3 11,721 18 55,176
Biomass CCS 0 0 0 0 0 0
Coal 101 92,299 24 221,407 16 151,819
Coal CCS 0 0 2 2,369 37 60,233
Natural Gas 90 38,331 61 106,774 51 134,129
Natural Gas CCS 0 0 4 1,635 43 33,445
Geothermal 0 0 5 21,573 21 113,647
Hydro 23 19,134 25 100,686 55 256,429
Nuclear 0 518 32 159,335 81 509,659
Oil 0 24 1 712 0 1,645
Solar PV 10 20,814 17 81,241 17 204,152
Solar thermal 0 1,130 0 2,205 2 13,779
Tidal 0 0 0 0 0 0
Wind-offshore 0 294 1 1,869 7 15,554
Wind-onshore 37 35,879 22 73,412 29 101,437
Total 263 209,431 197 784,940 477 1,651,103

Source: UCL, HSBC. Note: Forward looking capacity additions for 2030 and 2050 are cost-optimal projections. There is some recognition of 2010's actual figures as a base year, however, and
capacity additions from that point forwards are calculated by TIAM-UCL with certain roll-out constraints. It should be noted that, in some instances, capacity additions may break through this roll-
out ‘ceiling’. Shorter term projections for intermittent renewable technologies through to 2015 and to 2020 (based on 2010), for instance, have been surpassed by some distance by the actual

numbers seen to date.
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Demand for energy increases across all sectors

Energy consumption increases in most sectors of the economy under the INDC scenario, with the highest
overall proportional increases in transport and industry. However, while power, the biggest consumer of
primary energy sees growth in the mix from low carbon technologies, fossil fuels retain share. Here we
look at how energy is used in the other three sectors of the energy system (after power) with great demand
for primary energy.

Industry — more of everything as emissions cuts focussed elsewhere

Industry accounted for 27% of total energy use and 22% of emissions in 2010. A high level of fossil fuel
energy use in industry in 2030 and 2050 remains in place under the INDC scenario. This is largely due to
limited fuel switching potential as described in the 2°C and 2°C+ACCEL scenarios. Chart 20 shows this
as well as that industry accounts for a material share of the increased demand for power generation,
described in the previous section.

In the INDC scenario, coal consumption increases by 55% between 2010 and 2030 and by 80% by 2050.
Removing coal from many industry processes is technologically challenging or costly, and so increased
need for products to meet demand from a growing economy and population mean growth in coal
consumption, despite climate constraints attached to mitigation targets within country pledges.

The use of gas in industry increases by 35% by 2030 and 45% by 2050, less than half of the increase seen
in the INDC scenario. Similar to gas, oil use increases materially, by 27% by 2030 and over 82% by 2050.

The direct fossil fuel share in industry falls from 71% in 2010 to 67% in the INDC scenario. Biomass,
electricity and heat (mainly produced by combined heat and power) account for the non-fossil share, in
aggregate increasing its share marginally to 2010 levels in the INDC scenario.

Chart 20: Industry fuel consumption under the INDC scenario
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Oil still dominates transport, gas enters the mix

Transport accounted for 18% of total energy use and 19% of emissions in 2010. Energy consumption by
the transport sector increases under INDC by 37% by 2030 and 116% by 2050, versus 2010 levels.
Within this, as shown by chart 21, o0il’s share as a feedstock is down 26% and grows 60% in absolute
terms. The largest growth in demand from this sector is for gas (up from 0.5% to 19.4%), which will
increasingly be used as liquefied natural gas (LNG) in shipping (up 3,726%).
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Chart 21: Transport fuel consumption under the INDC scenario Chart 22: Buildings fuel consumption under the INDC scenario
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Buildings demand more energy via power, as wood burning declines

The buildings sector sees growth in total energy consumption of 125,977PJ in 2030 (up 15% on 2010)
and an increase of 158,627PJ in 2050 (up 45% in 2050).

Electricity (up 7% by 2030 and 19% by 2050) sees the biggest increase in demand, illustrated by Chart 22,
while biomass decreases as countries such as India shift from burning wood in the home, while global
demand for gas in buildings roughly doubles by 2050.

GHG emissions increase to 53GtCO.e warming, leading to
3.4°C warming under the INDC scenario in 2100

The principal constraint put on the TTAM-UCL model for this scenario was to limit emissions in line with
pledges within the INDCs.

TIAM-UCL delivers a temperature increase at 2100 of 3.4°C, at a 60% probability, under this scenario.
Emissions reach 53 GtCO,e in 2050. This indicates that current pledges, under the COP21 process, fall
significantly short of achieving the type of reductions necessary by 2050 to ensure a reasonable
probability of meeting the 2°C target. Emissions in 2050 will be 10% higher than 2010 levels, not a
desirable outcome when compared with the IPCC’s recommendation for a 40-70% reduction over this
timeframe, and the 2°C emissions threshold surpassed in 2040 —i.e. the level of atmospheric greenhouse
gases likely to lead to 2°C warming is reached by 2040. On an annual basis, the emissions level is more

than double that observed in the 2°C scenario.

TIAM-UCL also tells us that the pathway to these outcomes sees emissions up most in the industry and
transport sectors, by 65% and 84%. However, emissions in power are down from 31% in 2010 to 27% in
2030 and to 21% in 2050. Chart 23 shows this and also illustrates the growing importance of
sequestration — via CCS at the point of fossil fuel combustion in industry and power generation and via
use of biomass — in bringing emissions down in line with the INDCs.
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Chart 23: GHG emissions by sector under the INDC scenario Chart 24: Regional emissions under the INDC scenario
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Conclusion

Decarbonisation is focussed on the power sector, under this scenario, albeit absolute emission declines are
tempered by rising demand for electricity. The INDCs substantially catalyse the renewable energy sector.
Emissions actually increase from power, buildings and transport over coming decades, illustrated in chart 23.
Chart 24 shows a mixed picture for regional per capita emissions, although most reduce to 2030, the end of
the INDC period. Fossil fuels will maintain demand in all sectors, with the exception of coal use in power,
which declines due to emissions declines required under INDC targets. Coal use in industry, including
metallurgical coal use in metal-making processes, increases however. Industry as a whole remains heavily

fossil-fuel dependent, as gas, oil and coal all rise materially.

39



glli:';aatle change HSBC <X>

November 2015

The INDC+ACCEL
energy transition

» Coal demand increases 23% from 2010-50. Coal use in power is
down 22%, as renewables grow six times to 40% feedstock share

» Gas demand grows by 44% from 2010-30 and 73% to 2050,
driven by growth in all sectors, with oil up 32% as car use soars

» Investment in power generation increases by four times in 2010-30,
to USD820bn pa; by 2050, it reaches USD1.81trn pa

27% more energy consumed in 2030 under INDC+ACCEL

The INDC scenario makes the assumption that a Universal Climate Agreement is signed at the
Conference of Parties in Paris later this year. It then assumes that the world ceases to pursue efforts to
stay below 2°C in the long term and instead countries aim only to meet their INDCs. This is achieved by
varying both the climate module to achieve emissions reductions in line with the INDCs and by varying
the technology module to increase the speeds of cost reduction for key clean technologies, then allowing
other variables to adjust in a cost-optimal manner, against the backdrop of more energy consumption
across the economy, 27% higher in 2030 than 2010 and 68% higher in 2050.

In this section, we consider key findings from data generated by the TTAM-UCL model suggesting what
the cost-optimal energy system will look like in 2015 under the INDC Scenario. This is broken down into
sections for fuel consumption per fossil fuel, power generation (including investment costs), fuel

consumption per sector and greenhouse gas emissions (including temperature rise).

Fossil fuel consumption under INDC+ACCEL — more coal to power
EVs than in the INDC scenario, less oil demand but still up

Coal consumption increases by 23% from 2010 to 2050

Under the INDC+ACCEL scenario global coal consumption actually increases, by just 4% by 2030 on
2010 levels but by 23% by 2050. Most of the new demand is from the power and industry sectors, where
coal is increased used in chemical production. Coal use in electricity sees a marginal absolute decline
under the INDC+ACCEL scenario, largely due to the increased uptake of other low carbon sources; solar

is cheaper under this scenario.
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Figure 5: Key tenets of the energy system under the INDC+ACCEL Scenario
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Gas consumption catalysed by all sectors
Consumption of natural gas is up by 44% in 2030 and 73% in 2050 vs 2010, reflecting the importance of

this commodity in the future. Unlike in the 2°C scenario, more gas is used in buildings (up 84% in 2030
and 117% in 2050) while consumption in transport up 11 times in 2030 and 31 times in 2050. There is

also strong growth in demand in the industry sectors.

Oil consumption increases by 17% in 2010 to 2030 and 32% by 2050

Current and future use of oil reflects the use of this commodity in both transport and industry sectors,
which accounted for 60% and 23% of consumption in 2010 respectively. In the INDC+ACCEL scenario,
oil use increases by 17% in 2030 and by 32% in 2050. The largest demand growth comes from transport
(up 26%) and industry (up 85%) Oil use can increase because the climate pledges focus cost-optimal
emissions mitigation efforts in the power sector rather than the transport sector. The large-scale uptake of
electric vehicles, primarily in passenger cars, lowers oil consumption compared to the INDC scenario.
However, despite this almost total decarbonisation of road passenger transport, oil use remains higher in
INDC+ACCEL than in the 2°C scenario as it continues to rely on oil consumption for freight and

international aviation and shipping, although in the latter some oil is displaced by gas.
Power generation under INDC+ACCEL — coal loses share

Coal and gas are dominant in 2010. However, by 2030, coal fuels 29% of total power generation. By 2050,
coal represents 12% of the mix. Most of the increase in total power capacity is met by low carbon sources of
generation, in particular nuclear, solar and hydro. All major power generation technologies see an increase
in capacity. Innovation effects in wind, solar PV and battery-electric vehicles, mean that additional
electricity can be provided by lower cost renewables and that there is a net increase in overall electricity

demand because of its use in the transport sector. Utilisation of CCS in this scenario is minimal.

The CO, intensity of electricity falls to 323gCO,/kWh in 2030, the end of the INDC period, representing
a 40% drop from 2010, as seen in chart 25. By 2050, this figure is down to 147gCO,/kWh, representing
almost a 73% drop. This reflects the importance of power in cost-effective decarbonisation of the
economy in line with the targets agreed by countries in their INDCs — power is the low-hanging fruit

sector in terms of emissions mitigation.
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Chart 25: Power Generation by Fuel Source under INDC+ACCEL scenario
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Fossil fuels still invested in but nuclear and renewables see biggest spend

The headroom created by the absence of more stringent climate rules means greater future investment in
fossil fuels, although these are lower than under the INDC scenario, driven by lower solar costs. As
illustrated in table 6, coal investments more than double from USD92.3bn in 2010 to USD210.4bn in
2030 before pulling back to USD136.7bn in 2050. Natural gas investments treble from USD38.3bn in
2010 to USD113.3bn in 2030 and rise further to USD154.8bn in 2050. Solar PV investments are up 6
times to USD139.2bn in 2030 and 17 times to USD355.7bn in 2050. Solar thermal trebles from
USD1.1bn in 2010 to USD3.8bn in 2030 before soaring to USD98.2bn in 2050. Nuclear also sees
dramatic growth under this scenario, as under others, up to USD127.1 bn in 2030 and to USD 428.6 bn in
2050. Offshore wind investments increase from USD0.29bn in 2010 to USD91.1bn in 2050, while
onshore wind increases from USD35.9bn in 2010 to USD87.9bn in 2030 (an increase of 145%) and
USD186.7bn in 2050 (an increase of 420%).
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Table 6: Global annualised capacity additions and investment costs in the power sector, under the INDC+ACCEL scenario

2010 2030 2050

Capacity additions Investment costs Capacity additions Investment costs Capacity additions Investment costs

(cw) (USDm) (Gw) (USDm) (GW) (USDm)

Biomass 1 1,007 5 15,362 13 50,882
Biomass CCS 0 0 0 0 0 0
Coal 101 92,299 22 210,355 20 136,712
Coal CCS 0 0 2 2,861 27 44,573
Natural Gas 90 38,331 57 113,260 90 154,756
Natural Gas CCS 0 0 4 1,836 5 8,397
Geothermal 0 0 5 18,175 13 80,257
Hydro 23 19,134 20 89,401 24 168,521
Nuclear 0 518 31 127,051 69 428,586
Oil 0 24 2 939 0 1,766
Solar PV 10 20,126 88 139,232 267 355,715
Solar thermal 0 1,130 2 3,820 88 98,240
Tidal 0 0 0 0 0 0
Wind-offshore 0 294 5 10,569 53 91,045
Wind-onshore 37 35,879 62 87,880 105 186,674
Total 263 208,744 306 820,740 774 1,806,123

Source: UCL, HSBC. Note: Forward looking capacity additions for 2030 and 2050 are cost-optimal projections. There is some recognition of 2010's actual figures as a base year, however, and
capacity additions from that point forwards are calculated by TIAM-UCL with certain roll-out constraints. It should be noted that, in some instances, capacity additions may break through this roll-
out ‘ceiling’. Shorter term projections for intermittent renewable technologies through to 2015 and to 2020 (based on 2010), for instance, have been surpassed by some distance by the actual
numbers seen to date.

Low carbon energy grows as power generation soars

Technological advances made under INDC+ACCEL result in larger deployment of intermittent
renewables. Increased levels of power generation also result from assumed innovation drivers, primarily

due to increased use of electric vehicles and therefore demand for electricity to fuel them.

Industry — fossil fuel share remains constant

The direct fossil fuel share in industry is similar to that observed in 2010, at around 70% of industry
consumption (chart 26 breaks this down by industrial subsector). Broadly, this highlights the growth in
energy consumption across industry to 2030 and 2050. Coal use shows a strong increase in the metals
sectors and those that are less energy intensive. The stronger growth in coal consumption in
INDC+ACCEL relative to INDC reflects the shift of abatement to the transport sector, as described
earlier. The use of gas increases by just under 50%. Similar to gas, oil use increases significantly, by over
80% in 2050.
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Chart 26: Industry fuel consumption under the INDC+ACCEL
scenario
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Transport demands more of everything

The increase in EV use as their cost come down rapidly under the INDC+ACCEL scenario results in
greater demand for electricity, which accounts for 5% of the mix by 2030 and 15% in 2050. There is also
more demand for gas (from 1% of share in 2010 to 4% in 2030 and 9% in 2050) and, to a lesser degree,
hydrogen, as oil broadly maintains absolute levels (up 26%, representing 71% of share in 2050),

illustrated in chart 27.
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Chart 27: Transport fuel consumption under the
INDC+ACCEL scenario

Chart 28: Buildings fuel consumption under the
INDC+ACCEL scenario
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Buildings use more power, more gas in the future

Increased energy consumption is driven by use of power up 166% in 2050 and gas which is up 117% in
2050, as oil leaves the mix entirely by 2040 and biomass use declines by 39% in 2050.
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GHG emissions increase to 52GtCO.e warming, allowing 3.4°C
under INDC+ACCEL in 2100

Emissions from the transport sector go down, since oil-based transport is displaced. As discussed on
pages 42-43, emissions from the power sector are also lower, given lower coal use and greater use of
renewables, as illustrated in Chart 29. However, this does not change the overall level of emissions-
mitigation ambition under the INDCs, and actually means there is additional space for emissions to
increase from other sectors. While a limited amount of coal is displaced from the power sector compared
with the standard INDC scenario, there is a strong relative increase in coal consumption and overall
emissions from the industry sector. The decrease in coal consumption in the electricity sector is therefore

more than compensated for by a larger increase in coal use in industry compared to the INDC scenario.

Chart 29: CO; emissions by sector under the INDC+ACCEL
scenario

Chart 30: Regional per capita emissions in 2°C under the
INDC+ACCEL scenario
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From a climate perspective, when action under INDCs is combined with strong technology cost
reductions, this has a minimal impact on emissions. It is not removed from the wider energy system as
there is an increased level of consumption observed in the industry sector. As in the INDC scenario, again
despite the per capita emissions reductions seen globally to 2030 in Chart 30, the 2°C threshold is
surpassed in 2040, leading to a world where temperature rises are estimated at around 3.4 °C, at a 60%
probability. Even with major technological innovation in zero-carbon electricity and transport, stronger
national and international policy or regulatory mechanisms are required, significantly beyond the current
INDC ambition level, to keep within the 2°C threshold, otherwise emissions mitigation gains made

through rapid deployment of clean tech will be lost through increased use of fossil fuels elsewhere.
Conclusion

The backdrop of the INDCs and accelerated cost reductions for clean technologies means that growth for
renewables in the power sector is extremely fast. This penetration removes coal from the power mix,
although it is still used substantially in industry. As in the INDC scenario, massive investment needs in
the power sector will require substantial flows of capital. The gas sector sees significant growth in this

scenario, as in others.
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Enabling 2°C

» Policy is important — total coal consumption under 2°C scenarios
is approximately a quarter of that in INDC-based scenarios

» Countries vary — the US reduces fossil fuel consumption in the
cost optimal 2°C system, while China and India increase use

» An agreement in Paris will be a big step — however >2°C warming
will ensue without a ratcheting up of ambition in future decades

The 2°C, 2°C+ACCEL, INDC and INDC+ACCEL scenarios deliver energy systems with many
interesting disparities. These cost-optimal outcomes suggest where there will be future growth of energy
supply in some areas and contraction in others. They also show the sectors where consumption is likely to
change against a backdrop of soaring overall demand for energy, with more future demand in the INDC-
based sectors. In this section, we compare the scenarios, focussing on the future for fossil fuels and for
power, and looking forward in more detail to 2050 — limiting global warming to 2°C requires a focus on
the long-term after all. We also drill down into the global picture to better understand how the big future
energy systems of China, the US and India will evolve for 2°C to be achieved.

A mixed picture for fossil fuels

We have seen in the chapters on the four scenarios that the stringency of climate regulation and the cost
reduction paths for clean technologies are key to determining how specific fossil fuels are used in the
future. Chart 31 shows that total fossil fuel consumption rises under all scenarios to 2030. Only under
2°C+ACCEL is it down in 2050.
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Chart 31: Global fossil use in HSBC’s future energy system scenarios
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Under both the 2°C scenarios, overall coal use declines relatively sharply, with most of this reduction

coming through decarbonisation of the power sector. Chart 32 shows in which sectors coal will be used

under each scenario.

Chart 32: Global coal consumption, 2010/2050 by scenario
and sector
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Chart 33: Global gas consumption, 2010/2050 by scenario
and sector
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In earlier chapters, we noted that industry is more difficult to decarbonise than some other sectors. The

other way to express this is that the most cost-effective use of coal is in other sectors, notably industry.

Chart 34 illustrates the point that, even in a 2°C world, a

industry. A much larger amount will be used under the INDC-based scenarios, with much of the balance

being met by gas.
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Chart 34: Energy consumption in industry sub-sectors by fossil fuel, 2010/2050
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Gas is the fossil fuel commodity where strong growth is observed across all scenarios and consumption
use shows a material rise to 2030 and to 2050 under all four scenarios, taking share in the mix. Chart 33
shows in which sectors gas is used in the future, with transport emerging to take share, driven by LNG
use in shipping. Under the 2°C case, cost-optimal allocation sees use as an important lower-carbon energy
source in industry and transport, and in conjunction with CCS technologies (in industry, upstream and
power generation sectors). It does, however, show less growth as a heating fuel in buildings, due to the

lack of emission capture technology and the strong alternative available supply from heat pumps.

Chart 35 shows that the use of oil in industrial processes, particularly in the manufacture of
petrochemicals, grows across all scenarios. Oil use also grows in the transport sector, with the exception
of under 2°C+ACCEL, where the price of EVs to market falls faster allowing them to take market share.
Efficiency gains in the transport sector are large, but the growth in mobility demands in emerging
economies more than offsets savings. However, even higher growth in oil demand would be observed
without the significant shift to LNG in the shipping sector.

HSBC <»
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Chart 35: Global oil consumption, 2010/2050 by scenario and Chart 36: Annualised investments and generation in power
sector across HSBC’s future energy system scenarios
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Power the sector for greatest transition with USD2.5trn per
annum investment in 2050 in a 2°C world

As described in earlier chapters, decarbonising power is the most cost-optimal way of achieving
emissions cuts across the economy and complying with mitigation targets. Meanwhile, all four scenarios
see substantial growth in overall demand for power. Achieving this transformation of the power sector
requires substantial investment. Chart 36 shows this is the case for all four scenarios, with greater
investment required to meet the more stringent 2°C target under the two corresponding scenarios. (NB the
first 20 years of the period do not include the annualised cost that would be associated with existing
capacity, hence the apparent acceleration from around 2035 as replenishment of capacity is required).
Annual investment levels reach almost USD2.5trn in 2050 under the 2°C scenario, 35-47% higher than
either of the INDC-based scenarios, and showing a marked divergence after 2030 reflecting the need to
replace coal in the mix with lower-carbon generation technologies. In the INDC+ACCEL scenario, costs
are slightly higher than in the INDC scenario in 2050 due to the 25% higher level of generation required
to power the growth in use of EVs, although on a per unit of capacity installed basis, the investments
under INDC+ACCEL are lower due to the innovation effects assumed.

The accelerated growth in solar and wind in the 2°C and 2°C+ACCEL scenarios also leads to lower
contributions from other low or zero carbon electricity sources, particularly nuclear which is lower here than
in the INDC scenario. This suggests the increased cost-competitiveness of renewables would reduce the role
of fossil fuels and other low carbon sources, to some extent moderating the decarbonisation of electricity.

Efficiency in power increases

Power generation requires primary energy as a feedstock. As described in previous chapters, this comes in
many forms — coal is the biggest feedstock today and natural gas second. Essentially, energy is needed to
create energy. Other major feedstocks include nuclear as well as increasingly renewables - solar and
wind. How much energy is needed to create electricity from the power sector? A large amount can be
‘lost” when finite primary energies, such as fossil fuels, are consumed to generate power. In 2010, the
ratio of primary energy — the conversion ratio — measured in joules, consumed to secondary energy
generated as electricity, again measured in joules, was 2.06 to 1. This means that 2.1 more energy was
consumed than produced by the power sector.
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Under all four scenarios, this ratio of energy consumed to energy produced comes down as technology
becomes more efficient and as renewables take share in the mix. Chart 37 shows how this will occur over

our study period.

Chart 37: Power conversion ratio in HSBC's future energy system scenarios
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It is notable that under the INDC-based scenarios, the energy conversion ratio comes down dramatically
in cost optimal power generation mixes — 1.14 under INDC and 1.09 under INDC+ACCEL. However,
under 2°C and 2°C+ACCEL, the ratio changes even more dramatically, to 0.76 and 0.72 respectively.
This means that more energy is coming out than going in to power generation, as energy from wind and
the sun is not counted — because it is considered infinite, or renewable. This further illustrates the

transition from using fossil fuels to renewables as the power generation sector is decarbonised.
Getting to 2°C

In the chapters on the individual scenarios, we noted that strong climate regulation is required to achieve
meaningful emissions cuts in line with 2°C of global warming by 2100. Where under INDC+ACCEL the
costs of key clean technologies come down quickly, emissions from the power sector are also lower given
lower coal use and greater use of renewables. Emissions from the transport sector also go down, since oil-
based transport is displaced. However, this does not change the overall level of emissions-mitigation
ambition under the INDCs, and actually means there is additional space for emissions to increase from

other sectors, which is seen in industry.

The emissions and subsequent temperature increases under INDC and INDC+ACCEL are, therefore,
virtually the same. Chart 38 illustrates the different temperature pathways for the four scenarios as dotted
lines, compared with the ranges for business-as-usual (BAU) in red, the pink range if pre-INDC country
policies are implemented successfully and the grey range which the IPCC has stated is consistent with a
2°C world.

HSBC <»
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Chart 38: Emissions in HSBC’s future energy system scenarios

Range of GtCO,e consistent with 2°C ==2C

Range of GtCO,¢ if BAU country policy targets are achieved = = INDC
B Range of GtCO,e for BAU 2°C+ACCEL
=== INDC+ACCEL

GtCO.e
75 7
70 1
65 1
60
55 1
50 1
45 4
40
35 1
30 1
25 A
20

-14-12100é

2000 2005 2010 2015 2020 2025 2030

Source: UCL, HSBC

The evidence of TIAM-UCL’s outputs suggests that the INDCs are going to put the world on a pathway
well above the globally agreed policy target of 2°C, at 3.4°C. This is not to say that they are a failure or that
a UCA is meaningless — we believe that it has already been successful in catalysing a large number of
countries to better understand their energy systems and how they can address emissions generated by them.
It has also brought the two largest polluters, the US and China, to the discussion table on climate change on

several occasions, resulting in a stronger pro-policy front being presented to the rest of the world.

Looking forward, the big emitters of the future, in particular, will need to make greater contributions to
emissions mitigation, if 2°C of maximum warming is to be achieved, rather than 3.4°C or something in
that range. The EU has already made a long-term pledge in line with IPCC recommendations for
emissions cuts required for 2°C, with a pledge for 80-95% emissions reductions by 2050 vs 1990.
Responsibility moves to China and the US, as the world’s biggest emitters, to decarbonise their
economies. Countries predicted to experience considerable future economic growth, including China and
also India, will need to ensure that energy use, in particular use of fossil fuels, is decoupled from
emissions growth, i.e. that they are able to grow their economies without growing emissions at the same
rate. While we believe that analysing the impact of faster reductions in the costs of key clean technologies
is important, these cannot be relied upon alone to decarbonise the economy. The following section looks
at how these three big economies of the future can plot the cost-optimal paths to decarbonisation (without

compromising economic growth) to align with a two degrees world, i.e. within the 2°C scenario.

2°C China to decarbonise power, as gas soars across all sectors and oil
doubles

TIAM-UCL’s data showed that, in a 2°C world, the expansion of China’s power generation demand is
dramatic over the study period, where levels are set to increase from 15 EJ to around 30 EJ in 2030 and
over 40 EJ (11 PWh) in 2050, up 167% in 40 years, as illustrated by the bars in chart 39.

Globally coal use goes from 45% of the total power feedstock share in 2010 to 0.4% in 2050, in China the
difference is equally dramatic as it moves from 84% in 2010 to 45% in 2030 and 1.3% in 2050. It is up to
other technologies to plug China’s post-coal power generation gap, rather than the coal expansion observed
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in recent decades, with Solar PV up from 0.05% of the mix to 10% in 2030 and to 17% - 7,044PJ - in 2050,
nuclear up from 1% to 19% in 2030 and to 33% - 13,380PJ - in 2050, and hydro growing from 11% to 14%
in 2030 and to 15% - 6,015PJ - in 2050. Gas decreases overall from 214PJ (1%) to 135PJ in 2030 but
increases to 4,810 (12%) in 2050, although approximately three quarters of this is for gas with CCS. This
brings the carbon intensity of power generation down by 58% by 2030 vs 2010 and by 99% in 2050.

Soaring investment in solar, nuclear, wind brings China’s power sector emissions down
Annualised investment costs in Chinese power under the 2°C scenario reach USD287bn in 2030 and
USD584bn in 2050, from USD72bn in 2010, with the bulk across solar PV (16% of total investments in
2030 and 18% in 2050), nuclear (14% in 2030, 21% in 2050), wind (15% in 2030, 24% in 2050) and
hydro (11% in 2030, 15% in 2050).

Chart 39: China’s power generation by fuel source and CO2 intensity of power production, in the 2°C scenario
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Despite the reliance of the industrial sectors on coal, its removal as a power feedstock means that
economy-wide coal use under 2°C is lower in 2030 and much lower in 2050, as seen in chart 40. The
global 2°C trend for oil is not observed in China, however, where oil consumption in transport grows by
more than 2.7x, as car use increases with a growing population and GDP per capita. Gas use also soars,
up 2.8x by 2030 and 10x by 2050, driven by substantial growth across all major sectors.
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Chart 40: China’s fossil use in HSBC’s future energy system scenarios
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China’s emissions down, INDC pledge beings process

In relation to sources of emissions, the picture in China over time is similar to the global picture, although
industry counts for a bigger proportion in 2050, 47% vs 33% globally, illustrating the fact that the country
is still a major manufacturer compared to the average country. Absolute emissions come down by 50% by
2050 and by 52% on a per capita basis, vs 2010.

China’s INDC plans to decarbonise on a relative basis, by bringing down the carbon intensity of GDP by
60-65% by 2030 vs 2005. The INDC is an important element of China’s intensifying focus on the
environment. A broader focus was recently announced in a document released by the State Council, the
‘Master Plan for an Ecological Civilisation’, which set forward aims in relation to taxes, green finance,
pricing water, decarbonising energy, carbon trading and trading of other pollutant emissions, enhancing
enforcement and tighter environmental legislation. In ‘China’s ecological civilisation’, 24 September

2015, we stated our view that this document should act as a reminder to all officials to feature green
development in submissions ahead of the release of the 13" Five-Year-Plan in 2016. Overall, we believe
there are indications that Chinese policy is moving in the right direction for stronger decarbonisation and,
although its INDC is important, this will not form the final shape of its policy in this area.

2°C US sees fossils drop economy-wide, as renewables dominate 2050 power

In the US, the picture is more closely aligned to the global breakdown. Power generation is up 67% by
2050 vs 2010 in a 2°C world, with almost total declines in generation by coal and very little additional
gas capacity, as seen in Chart 41. The growth in power consumption is met largely by nuclear (up 278%),
followed by onshore wind (up 14x) and then solar PV (up 200x). Annualised investment costs reach
USD132bn in 2030 and USD397bn in 2050, from USD23bn in 2010, with costs in these three areas
corresponding - the bulk is across solar PV (9% of the total in 2030 and 18% in 2050), nuclear (30% in
2030, 37% in 2050), and wind (21% in 2030, 25% in 2050).The key role of CCS combined with biomass
as a key technology in the 2°C scenario, in this and other regions, is also apparent, providing additional

headroom for other sectors to use fossil fuels.
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Chart 41: US power generation by fuel source and CO2 intensity of power production, in the 2°C scenario
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Overall, oil consumption reduces sharply across all economic sectors with the strong decline in demand
driven by efficiency gains and switching to alternative fuels. Coal reduces to close to zero by 2050, as seen
in Chart 42, and gas use also comes down by 2050 relative to 2010, although much remaining gas-powered
generation at this date will incorporate CCS.

Chart 42: US fossil fuel use in HSBC'’s future energy system scenarios

PJ H Coal consumption ~ ® Natural gas consumption Oil consumption
90000 -
80000
70000
60000
50000
40000
30000
20000
10000 - . l

0 -

2°C+ INDC INDC+ 2°C 2°C+ INDC INDC+

ACCEL ACCEL ACCEL ACCEL

2010 2030 2050

Source: UCL, HSBC

US emissions sharply down in 2°C world

US emissions will need to come down by 75% in the cost-optimal 2°C energy system. On a per capita
basis, the cut is slightly greater at 80%. This is far in excess of the 26-28% reduction on 2005 levels by
2025 that it pledged in its INDC submission. However, momentum is moving in the right direction as a
raft of rules diminish the role of coal in power generation. The most recent example is the Clean Power
Plan, which specifically targets power generation and requires a 32% CO, reduction from existing power
generation by 2030 vs a 2005 baseline. The power sector represents 35% of CO, in the US and in our

earlier note Obama targets coal-fired power, 5 August 2015, we showed that the cuts required under the

Clean Power Plan were equivalent to the emissions from 166 million cars, 70% of its fleet. While this is
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not enough to align the US with a 2°C world, we think it is meaningful as it is more stringent than
previous legislation from a country which has not been amongst the leading developed nations in
designing climate policy in the past.

2°C India needs huge power investment, as oil in transport and industry soars

It is clear from Chart 44 that India will burn much more coal without more stringent climate regulation,
as it is a cheap source of fuelling the substantial growth in power predicted to be required to enable the
considerable economic growth predicted for this country, the second most populous after China. India’s
annualised investment costs in power for a 2°C world reach USD62.7bn in 2030 and USD240.3bn in
2050, from USD12.02bn in 2010, with the bulk across solar thermal (2% in 2030, 27% in 2050), solar PV
(25% of the total in 2030 and 19% in 2050), nuclear (18% in 2030, 22% in 2050) and hydro (14% in
2030, 12% in 2050). Investment in new coal-fired power is significant in 2030 at 23% of the total but
diminishes to 2% in 2050. As seen in Chart 43, the carbon intensity of power generation is down by 71%
by 2030 vs 2010 and by 100% in 2050.

Chart 43: India’s power generation by fuel source and CO2 intensity of power production, in the 2°C scenario
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Overall, the use of fossils in India grows by 52% under the 2°C scenario by 2050, where strong growth in oil
consumption is observed in both transport and industry. Use of coal persists but only in industry, where
metallurgical coal is required for steel making in particular, to meet the construction boom expected as the
population soars and different parts of the economy develop, needing new buildings for manufacture and

services as well as infrastructure. By 2050, coal use in power will need to drop close to zero.
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Chart 44: India’s fossil fuel use in HSBC’s future energy system scenarios
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Chart 44 shows that, in relation to gas, and similar to China, growth under the 2°C scenario reflects
increased requirements for the power and industrial sectors, with the rapid decline of coal. Gas demand

increases by a factor of six times by 2050.

One third per capita emissions cut required in India as the economy grows through 2050

In a 2°C world, by 2050, absolute emissions are down in India by 12% vs 2010, down 34% on a per capita
basis, vs 2010. India’s INDC, which we analysed in India s economic climate pledge, 9 October 2015,
pledged to reduce its emissions intensity of GDP by 33-35% by 2030 vs 2005, which is not in line. However,
India also pledged to have 40% of power generation capacity fuelled by low-carbon sources by 2030, which

shows ambition although again, as illustrated by Chart 44, it is not in line with 2°C.
Conclusion

The 2°C scenarios show that a focus on the removal of coal from power in all regions, whilst retaining
lower carbon fossil fuels, could go a long way to bridging the gap between current pledges and necessary
action. The continued use of oil and gas at levels higher than those observed in 2010, particularly for gas,
under the 2°C case, reflect two key emerging challenges in this decarbonisation scenario; firstly, industry
and transport are difficult sectors to decarbonise, and secondly, CCS technologies, particularly in
combination with biomass, are going to be needed to enable the continued use of fossil fuels at the levels
modelled in the 2°C case.

While INDC pledges fall short of delivering the required mitigation levels to meet the 2°C target, we have
also observed the effect of innovation on key clean technologies in electricity generation and use.
Evidently, rapid cost reductions in key renewable generation technologies can displace carbon-intensive
technologies, leading to a lower-carbon power generation system. The same is true of strong innovation

efforts in electric vehicles, which can drive strong reductions in transport oil use.

Stronger innovation alone has a limited impact on overall emissions levels for two key reasons. First,
although renewable generation increases, primarily due to increased demand for transport electricity from

electric vehicles, displacing some coal from the power sector, it also displaces other low-carbon
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electricity generation (notably nuclear), as the more expensive generation capacities are replaced first.
Second, cost reductions for renewables, battery storage and electric vehicles as added constraints under
the INDC+ACCEL scenario alone do not have an impact on emissions, as the emissions mitigation
parameters of the INDCs remain in place. Therefore, any emissions saved by greater uptake of these
cheaper clean technologies in the power and transport sectors mean greater emissions can be generated
elsewhere (without breaking targets for the emissions limits set in the INDCs). This demonstrates that
regulatory underpins are necessary to achieve specific climate goals, otherwise technology may only

decarbonise specific sectors where it is most cost-effective to do so and not overall.

A key output of the TITAM-UCL model, in our view, is the substantial growth in demand for power. Key
from an emissions point of view is that the global average carbon intensity of electricity falls in all
scenarios. This will mean rapid uptake in low carbon technologies in the next 30-40 years that will need
to become increasingly cost-effective, with substantial flows necessary to transition the power sector to be

more productive, more efficient and lower carbon.

Climate change is a global problem, meaning that all countries need to contribute and many are doing so
in a meaningful way. In December, country delegations will gather in Paris to sign a universal climate
agreement that sets out a framework to slow temperature rises and respond to the consequences of
existing warmer temperatures. As stated towards the beginning of the note, we believe a UCA will be
signed, although the Paris talks will not be easy and that climate finance remains an area where there are
conflicting viewpoints. However, all regions have distinct challenges to transition to lower carbon
systems whilst growing or maintaining their economies. It is encouraging that so many countries have
now submitted INDCs and that such a large proportion of global GHGs are covered by these. Although
these may not put us on a pathway to 2°C, they nevertheless represent progress as a number of countries
have now considered how emissions can be mitigated from their economies while major emitters such as

the EU, China, the US and India have shown commitment to reaching a Universal Climate Agreement.
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GLOSSARY

2°C scenario - Scenario in which world collectively acts by raising ambition on emission reduction to
limit temperature rises to 2°C

2°C+ACCEL scenario - 2°C scenario incorporated with faster cost reductions in key technologies
ADP - Ad Hoc Working Group on the Durban Platform for Enhanced Action
BAU - Business as usual scenario

CCS - Carbon capture and storage

CO, - Carbon Dioxide

CoP21 - 21st Conference of the Parties

EJ — Exa-joules (10'® Joules)

EU - European Union

EVs - electric vehicles

GDP- Gross Domestic Product

GW - gigawatt

INDC - Intended Nationally Determined Contributions

INDC scenario - Scenario based on existing and publically available country policy and emission
reduction goals and shows the cost optimal way to deliver these through the energy system

INDC+ ACCEL scenario - INDC scenario incorporated with faster cost reductions in key technologies
kWH - kilowatt hour

LNG - Liquefied natural gas

MAGICC - Model for the Assessment of Greenhouse Gas Induced Climate Change
MtCO2e - Million Metric tonnes of Carbon Dioxide equivalent

OPEC - The Organization of the Petroleum Exporting Countries

PJ - Peta Joules (10" Joules)

PV - Photovoltaic

PWH - petawatt hour

tCO2e/capita - metric tonnes of Carbon dioxide equivalent per capita

TIAM-UCL - TIMES Integrated Assessment Model-University College of London
TIMES - The Integrated MARKAL-EFOM System

UCA - Universal Climate Agreement

UCL - University College London

UKERC - UK Energy Research Centre

UNFCCC- United Nations Framework Convention on Climate Change

Upstream - This includes all processes associated with energy production and transformation processes,
such as primary fossil fuel extraction and secondary conversion processes (excl. ELC) including oil
refining, biofuel production, H2 production etc.
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APPENDIX 1 — Description of TIAM-UCL model

TIAM-UCL is a multi-layered energy system model, building on previous energy models developed by
academic and research institutions over several years, with the predecessors described here:

» The first layer of the model is the MARKAL model, developed as a multinational project over two
decades, led by the Energy Technology Systems Analysis Programme (ETSAP) of the International
Energy Agency. The basic components in a MARKAL model are specific types of energy or
emission control technology, represented quantitatively by a set of performance and cost
characteristics. The supply and demand sides are integrated, so that one side responds automatically
to changes in the other, and the combination of technologies that minimizes total energy system cost
are selected. MARKAL can be used to identify least-cost energy systems, cost-effective responses to
restrictions on emissions and to perform prospective analysis of long-term energy balances under
different scenarios. It can also be used to evaluate new technologies and research priorities, the
effects of regulations, taxes, and subsidies and to project inventories of greenhouse gas emissions.
MARKAL does not require a ranking of greenhouse gas abatement measures as an input instead
choosing preferred technologies and provides the ranking as a result. The choice of abatement
measures often depends upon the degree of future abatement that is required.

» The TIMES generator model (TIMES stands for The Integrated MARKAL-EFOM System) models
the energy market, such that supply and demand respond to each other, and selects the combination
of technologies that minimises the total cost of commodities in the energy system. TIMES has been
developed beyond MARKAL by offering flexible time periods for outputs, flexible process flows for
specific users of energy and additional commodity-related variables such as total production and total
consumption. TIMES utilises detailed energy demand input projections, to the level of amount of
room space to be heated and total vehicle miles to be travelled. Energy resource cost and forward-
looking assumptions are also inputted. There are also specific variables representing the flows of
commodities entering or exiting each process, more detailed and incremental investment periods and
capacity to model for concentration of GHGs and global temperature changes resulting from GHG
emissions and accumulation in the atmosphere. TIMES then gives outputs for the optimal energy
system design — i.e. the least expensive combination of technology to meet that requirement.

» A global multiregional version of a TIMES Integrated Assessment Model, known as ETSAP-TIAM,
has been widely used in other research projects and peer-reviewed publications, to analyse the
impacts on the energy system of climate change mitigation policies.

» TIAM-UCL builds on the ETSAP-TIAM model and allows additional constraints to be applied. It
differs from ESTAP-TIAM, particularly in terms of fossil fuel resources, climate module, demand
drivers and key technology groups. The dynamic part of the model — that which can be adjusted to
model different futures or scenarios - is determined by the time horizon, the evolutionary
development of energy supply and technologies, the growth of the demand for energy services and
also policies, for instance mitigation targets and renewable portfolio standards.
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Key features of the TIAM-UCL model:
The following are amongst TIAM-UCL’s defining characteristics:

» Partial-equilibrium model: General equilibrium is an economics theory use to explain how supply,
demand and prices in a whole economy respond to each other. Partial equilibrium is based on only a
restricted range of data — for instance it looks at the price of a single product, where the prices of all

other products are held fixed during the analysis.

» Minimises cost and maximises social welfare: The model minimises total energy system cost in the
standard version and maximises societal welfare (total surplus) in the elastic demand version to

compute a partial equilibrium.

» Integrated assessment: The model deals with energy and climate systems in a single framework,
showing impacts of the energy system on the climate, and the impact of climate constraints on the

energy system.

» Technology-rich: There is a strong representation of the full range of technologies which are or

might be used in all major sectors in the energy system, and their technical specifications.

» Bottom-up: The building blocks (see below) are processes, econometric data and commodities,

connected by commodity flows in a network.

»  Whole-system: The model covers the entire energy system. It models all primary energy sources (oil,
gas, coal, nuclear, biomass, and renewables) from resource production through to their conversion,

infrastructure requirements, and finally through to sectoral end-use.

»  Multi-regional: TIAM-UCL includes 16 regions and provides future scenarios for the energy
systems within each of these under different assumptions over climate policy, technological
development, and commodity markets. Each region has its own energy system and can trade fossil
fuel resources (natural gas, LNG, coal, crude oil, oil fractions), biomass (energy crops and solid

biomass) or emission permits with other regions or a central market.

» Trade: Trade is modelled such that regional trade is allowed in assumptions for coal, natural gas,

LNG, natural gas liquid, uranium oil and oil products, energy crops and solid biomass.

» Commodity prices: Fossil fuel commodity prices are an output of the model, based on the regional
costs of production, and the transport costs to different markets. They do not reflect market prices,
but are endogenous to TTAM-UCL - i.e. shadow prices are operated for the commodities under the
different scenarios. However, it is important to note that this shadow price is not necessarily close to
the oil price in the real world. TTAM-UCL does not levy taxes on production and so does not include
one of a key element that determines the actual oil. It also misses out some real-world market factors
e.g. political risk or supply quota decision-making. Finally, it is a 5-year averaged price. No subsidies
or taxes are assumed in the model.
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Building blocks of the TIAM-UCL model:

These are the key inputs which are required to set basic social and economic parameters:

4

Population: The model uses UN population data for all countries, with global population rising from
6.7b in 2005 to 9.3b in 2050.

GDP and GDP per capita: Long-range GDP forecasting is uncommon, given the difficulties in
accurate prediction. In TIAM-UCL, these economic data points are based on a number of sources,
with global GDP assumed to grow from USD50trn in 2010 (based on IMF figure for 2009) to USD
155 trillion in 2050 and USD350trn in 2100 (all figures are in 2005 USD). Growth rates have been
based on the Global Computer-Generated Equilibrium Model of International-National Interactions
between Economy, Energy and the Environment (GEMINI) and sense-checked for relevance by
comparing them to assumptions made for the 4™ assessment report of the Intergovernmental Panel for
Climate Change (IPCC). Global GDP is hereby assumed to grow from $49T in 2010 to S148T in
2050. Amongst the assumptions, GDP growth rates are expected to decline over the course of the
21* century, with growth rates for Western Europe, UK and US assumed to drop from on average of
2.2% to 1.3% in 2050. Another feature of the data is some convergence of GDP per capita between
developed and developing countries over the course of this century.

Number of households and GDP per household: The number of households relies on national
statistics and projections where these exist, with ranges adjusted as per level of development and
characteristic countries used for larger local regions — these would include South Africa for Africa,
Poland for Eastern Europe and Indonesia for Other Developing Asia.

Sectoral drivers: The model was built with the acknowledgement that no reliable forecasts exist for
industrial production, agriculture or service output through to 2100. To address this, initial numbers
are based on ETSAP-TIAM, with the development of sectoral growth rates geared to GDP numbers
and implying a shift in GDP composition towards services. Economic re-structuring was built into the
industry drivers, again originating from the Gemini model, with global production data from the IEA
and industrial growth rates calibrated to these. This allowed some manufacturing-to-service
restructuring to occur in some countries/regions included in the model.

Energy services demand: This is modelled by adjusting for four three-month seasons, a 16 hour
period of daytime usage levels and an 8 hour period of typical night-time energy usage.

Driver elasticity: Driver elasticities determine the sensitivity of changes in energy-service demand to
changes in the underlying driver. Several energy service demands grow slower than underlying drivers
(e.g. than GDP per capita) showing expected decoupling of energy demand and economic growth, as
has been witnessed already in some economies. Energy efficiency improvements in future years largely
result from the replacement of existing stock by improved versions of similar technologies (e.g.
improved internal combustion engine powered vehicle) or the introduction of a new type of technology
(e.g. electric vehicles replacing petrol). Even without stringent GHG constraints, the model will
typically invest in improved technology vintages when stock retires, due to recognising the cost-
effectiveness of such investments — under the model’s cost-optimising paradigm.
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Sector data inputs:

The model utilises detailed input data for the major energy-consuming sectors. A brief description is

given here:

» Power: Various sources are used for underlying technology cost and emissions data. Input assumptions
for future power prices are projected using assumptions for falling costs and regional disparities
(including assumptions that operation and maintenance costs tend to be lower in developing regions and
for those regions where there is a manufacturing base for the technology). HSBC’s renewable energy
equity analyst, Sean McLoughlin, believes that forward-looking input assumptions for renewable

energy cost assumptions are broadly in line with those used by companies and investors.

For solar PV, the maximum rates of roll-out in both cumulative and absolute terms, and the
maximum penetration level constraint have all been doubled. These constraints work in parallel with
share constraints, which have also been relaxed to allow the share of PV relative to other generation
types to again more than double. Similar increases in the maximum allowed rates of growth for
storage and electric vehicle penetration are also assumed. While constraints on the roll-out of wind
technologies are also included in the model, these have not been doubled in INDC+ACCEL: such
constraints are rarely binding as the deployment of wind is slowed by its cost relative to other forms
of generation. The cost of wind generation in INDC+ACCEL has thus been reduced.

Costs for carbon capture and storage (CCS) are also included are also included in the model, as per
table 7. These are taken from the IEA Energy Technology Perspectives 2012 and EIA 2013 report
‘Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants’.

Table 7: Costs of carbon capture and storage (CCS)

2020 2030 2040 2050
CCS Gas CCGT Standard $kW 1440 1350 1305 1260
CCS Supercritical PF Coal Standard $IkW 3312 3105 3002 2898
CCS Biomass gasification Standard $IkW 4160 3600 3340 3080

Source: UCL, HSBC

» Transport is addressed through 14 energy-services, including aviation, bus, truck haulage, cars,
shipping, further broken down by distinct types and whether domestic or international. Different fuel
types used by different transport technologies are accounted for, as are life spans of vehicles,

efficiency rates (broken down by vehicle ages).

» The industrial sector is represented through six energy-service demand subsectors — chemicals, iron
and steel, pulp and paper, non-ferrous metals, non-metals — as well as other minor industries and non-

energy uses. Further granular details on the types of fuel technology needed for industrial processes.

» Buildings data inputs are split between residential and commercial. Energy services included in the
model are cooling, clothes drying, clothes washing, dishwashing, heating, hot water, cooking,
lighting, refrigeration and other. Supply fuels include oil, gas and coal derived fossil fuels,
geothermal, biofuels, solar and power. Data is included to characterize these for efficiency, annual
utilisation factors, lifetime, operation costs, times of day typically used and investment costs.

Commercial buildings are similarly treated, although with fewer categories of energy demand.
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Additional points on use of TIAM-UCL

India published its INDC on 2 October 2015. The headline pledges are to reduce the emissions intensity of its
GDP by 33-35% by 2030 from 2005 level and to achieve c40% of cumulative electric power installed
capacity from non-fossil fuel based energy resources by 2030. While not explicitly included in the modelling,
both metrics were compared against the modelling results for India, to give a sense of what additional impact
such measures would have — India actually achieves a 42% non-fossil capacity share in 2030, compared to
25% in 2010 (and 55% under the INDC+ACCEL scenario). GHG intensity of GDP improvements is
significantly greater than 35%. Therefore, if the INDC proposals from India include such targets, they are
unlikely to lead to increased emission reductions, compared with what is already reflected in the INDC case.
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APPENDIX 2 — Intended Nationally Determined Contributions

(INDCs) to date

Table 8: Summary of INDCs (Intended Nationally Determined Contributions) submitted before the 1 October deadline (in order of first to submit to most recent)

Country Pledge Targetyear Base year Long term pledge Comments

Switzerland 50% 2030 1990 Reduce emissions by 2050 by 70-85% from 1990 Carbon credits from international mechanisms will partly be used

EU 40% 2030 1990 Reduce emissions by 80-95% by 2050 from 1990 No contribution from international credits

Norway 40% 2030 1990 To become a low-emission society by 2050 Target is to be met through collective delivery with the EU

Mexico 25% 2030 BAU Reduce 50% of emissions by 2050 from 2000 Ambition could increase to 40%, subject to a global agreement

USA 26-28% 2025 2005 Reductions of 80% or more by 2050 Will aim to reduce emissions by 28%

Russia 25-30% 2030 1990 Russia aims to use the 2030 target as a stepping stone  Commitment to the INDC will be based on the outcome of Paris;

towards developing a low-carbon, long-term objective  Reduction is subject to the absorption capacity of the Russian forests

Gabon 50% 2025 BAU Scenarios show >50% is possible Comprehensive adaptation plans

Liechtenstein ~ 40% 2030 1990 None Emissions down from 1990, despite population/economic growth

Andorra 37% 2030 BAU None Low emissions intensity and falling emissions over past decade

Canada 30% 2030 2005 None Intends to account for the land sector using a net-net approach

Morocco 13% 2030 BAU None Target — 13% — unconditional; 19% — conditional; (Total 32%); Requires
USD45bn; conditional upon USD35bn of int'l finance, a UCA

Ethiopia 64% 2030 BAU Long-term vision to become carbon neutral Equivalent to an absolute decline of 3% by 2030 from 2010; Intends to
sell carbon credits

Serbia 9.8% 2030 1990 None Climate change strategy & action plan to be finalised by 2017

Iceland 40% 2030 1990 Foresees it to be similar to that of the EU Intends to be a full member of the EU in the future and, therefore, aims
fulfil its fair share of the EU’s 40% target

China Peak 2030 NA None Cut carbon intensity of GDP by 60-65% by 2030 from 2005

South Korea 37% 2030 BAU None Unclear whether target includes land use change and forestry

Singapore Peak 2030 NA None Aims to cut emission intensity of GDP by 36% by 2030 (vs. 2005)

New Zealand  30% 2030 2005 50% below 1990 by 2050 Its 30% target is comparable to a 11% reduction from 1990

Japan 26% 2030 2013 None Equivalent to 25.4% reduction from 2005 levels

Marshall Islands  32% 2025 2010 Net zero emissions by 2050 or earlier, if possible Indicative target of 45% reduction by 2030, from 2010 levels

Kenya 30% 2030 BAU None Target subject to international support (finance, technology, etc.)

Monaco 50% 2030 1990 80% GHG reduction by 2050 May use units from international mechanism of emission reduction

Macedonia 30-36% 2030 BAU None May link to the UNFCCC New Market Mechanism

Trinidad and 30% 2030 BAU None Unconditional 30% GHG reduction by 2030 (BAU), from the transport;

Tobago conditional additional 15% reduction from power, industry and transport

Benin (revised) 3.5% 2030 BAU None Conditional target total -21.4% by 2030 from BAU

Australia 26-28% 2030 2005 None Reserves right to adjust target should it consider UCA inadequate.

Djibouti (revised) 40% 2030 BAU Long term adaptation strategy for 2035 Unconditional -40%; conditional -20% (Total -60%);Djibouti requires
international financing of USD1.65bn

DR Congo 17% 2030 BAU None Conditional on financing of USD30bn; the country is a net sink

Dominican 25% 2030 2010 Post 2030 contributions will be established at the end of The emission target is conditional upon receiving international financing

Republic the NDS period of approximately USD35bn

Algeria (revised) 7% 2030 BAU None Conditional total -22%; subject to external support

Colombia 20% 2030 BAU None Up to 30% from 2030 BAU with international support

Jordan (revised) 1.5% 2030 BAU None Unconditional — 1.5%; conditional — 12.5% (Total - 14%)

Ivory Coast 28% 2030 BAU None 42% renewables in the electricity mix by 2030

(revised)

Tunisia N/A 2030 2010 None Unconditional —13% in carbon intensity; conditional —28%; (Total —41%)

Comoros 84% 2030 BAU None Aims to be a carbon sink

Grenada 30% 2025 2010 None Indicative cut of 40% by 2030 (2010); conditional on external support

(revised)

Equatorial 20% 2030 2010 50% GHG reduction by 2050 Conditional on favourable and predictable support, esp. financial with

Guinea estimated costs of USD3.7bn for mitigation actions

Montenegro 30% 2030 1990 None Intends to sell carbon credits to contribute towards objectives

Mauritania 2.7% 2030 BAU None Conditional target totals -22.3% (12% of which is unconditional)

(revised)

Ghana 15% 2030 BAU None Conditional target totals -45%. USD16.3bn from int'l sources required

Albania 11.5% 2030 BAU Aiming for 2tCO2e/capita by 2050 (2.76tCOz¢ current) ~ Covers CO2 only. Intends to sell carbon credits during the period

Madagascar 14% 2030 BAU None Conditional on financial support of USD42bn for all actions

Indonesia 29% 2030 BAU None Conditional target totals -41%, subject to agreement & external support

Mongolia 14% 2030 BAU None Contingent upon gaining access to finance and new technology

Eritrea 39.2% 2030 BAU None Conditional total -80.6%. Needs USD4.7bn to fulfil conditional scenarios

Bangladesh 5% 2030 BAU None Only covers power, transport, industry. Conditional total -15%

Seychelles 29% 2030 BAU None Currently a net sink. With this INDC, it will remain a net sink in 2030

Georgia 15% 2030 BAU None Conditional total - 25% subject to agreement on finance and technology

Belarus 28% 2030 1990 None May use international carbon market mechanisms

South Africa NA (34%) 2030 NA (BAU)  None Peak, plateau and decline (PPD) trajectory range; emissions by 2025-
30 to be between 398-614 MtCOze (2012 was 464MtCO2e [WRI]);
Conditional Total -42%

Moldova 64-67% 2030 1990 None Conditional total -78%. 64% target is based on self-sufficiency in
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Table 8: Summary of INDCs (Intended Nationally Determined Contributions) submitted before the 1 October deadline (in order of first to submit to most recent)

Country Pledge Targetyear Base year Long term pledge Comments

Kiribati 128% 2030 BAU None Interim of 13.7% by 2025 from BAU. Conditional total-61.8% by 2030

Senegal 5% 2030 BAU None Conditional total -21%; Needs USD5bn to fulfil conditional scenarios

Central African 5% 2030 BAU 25% reduction in 2050 from BAU Entirely conditional. Requires USD2bn for (conditional) mitigation and

Republic USD1.4 for (conditional) adaptation

Brazil 37% 2025 2005 None Equivalent to 6% below 1990; already achieved 41% below 2005 by
2012. Indicative target of 16% below 1990 by 2030 (equivalent).

Mauritius 30% 2030 BAU None Conditional on support (USD1.5bn mitigation; USD4bn adaptation)

Myanmar NA NA NA None Was net GHG sink in 2012. Needs a lot of capacity building support.

Cameroon 32% 2035 BAU None 25% renewables in electricity mix by 2035

(revised)

Gambia (revised) 45.4% 2030 BAU Interim target of 44.4% in 2025 from 2010

Maldives 10% 2030 BAU None Conditional total -24% on technical, financial and capacity building

Kazakhstan 15% 2030 1990 None Conditional total -25% on international investment

Peru 20% 2030 BAU None Conditional total -30% on international financing

Chad (revised) 18.2% 2030 BAU None Conditional total -71%; needs USD7bn to reach conditional mitigation

Guyana NA 2025 BAU None Believes forest & energy mitigation efforts provide up to 52MtCO; saved

Barbados 44% 2030 BAU None Equivalent to 23% by 2030 (2008). Interim target -37% by 2025 (BAU)

(revised)

Burkina Faso  6.6% 2030 BAU None Conditional total -18.2%; needs USD0.75bn for conditional mitigation

Chile NA 2030 2007 None Unconditional reduction in emission intensity of GDP by 30% by 2030
(2007); conditional intensity reduction 35%-45% if financial support

Vanuatu NA 2030 NA None Mitigation target is 100% renewables in electricity by 2030 (which
reduces overall energy emissions by 30% from BAU.

Mali NA 2030 BAU None Conditional target; requires USD34.68bn for mitigation (sector wise
GHG emission reduction (29% agriculture, 31% energy, 21% forests)

Armenia NA 2030 NA Per capita emissions of 5.4tCO2e in 2050 With external support, could achieve 2.07tCO2¢ per capita in 2050

Niger 3.5% 2030 BAU None Conditional total -34.6%. Full INDC requires USD8.7bn

Kyrgyzstan 11.49- 2030 BAU 12.67-15.69% reduction in 2050 (below BAU) Conditional total up to -30.89% in 2030 and -36.75% in 2050. Aiming for

13.75% per capita emissions of up to 1.58tCO2 in 2050

Uruguay NA 2030 1990 None Different targets depending on the gas. E.g. for CO, for energy,
unconditional 25% reduction in emissions intensity by 2030 (1990)

Namibia 10% 2030 BAU None Conditional total -89%. Requires USD33bn to implement INDC in full

Zambia 25% 2030 BAU None Unconditional requires USD15bn. Conditional total -47% reduction by
2030 from 2010 requires additional USD35bn

Swaziland NA 2030 NA None Four mitigation actions: 1) develop GHG inventory by 2020; 2) double
share of renewables by 2030 (2010); 3) 10% ethanol blend in petrol for
all vehicles; 4) Phase out of HFCs, PFCs, SFe.

Tanzania 10-20% 2030 BAU None Target is gross emissions. Tanzania believes it is a net GHG sink.

Azerbaijan 35% 2030 1990 None 2010 per capita emissions was 5.4tCOze

Congo 48% 2025 BAU None Reduction of 55% by 2035; Targets subject to support

Dominica 44.7% 2030 2014 None Gross emissions. Interim 39.2% by 2025. Whole INDC is conditional.

Israel NA 2030 2005 None Target 7.7tCO2¢ per capita by 2030, 26% below the 10.4tCO2¢ in 2005

Guatemala 112% 2030 BAU None Conditional total: 22.6%, requires new and additional external resources

Sao Tomeand  24% 2030 2005 None Whole target is conditional — mainly achieved through 47% renewables.

Principe The country expects to remain a net carbon sink in 2030

Haiti 5% 2030 BAU None Conditional total -26%; Requires USD25.4bn

Ukraine 40% 2030 1990 None Target is not to exceed 60% of 1990 levels in 2030. 2012 was already
42.6% of 1990 levels. Interim ‘target’ is 76% of the 1990 level in 2020.

Lebanon 15% 2030 BAU None Conditional total -30% by 2030 (BAU)

Burundi 3% 2030 BAU None Conditional total -20%; subject to financial and technical support

Guinea Bissau ~ NA 2030 NA None Is a GHG sink. Requires financial assistance USD700mn to meet goals

Vietnam 8% 2030 BAU None Conditional total -25% by 2030 from BAU. Carbon intensity of GDP
could decline by 30% by 2030 from 2010 with external support.

Cabo Verde NA NA NA None Unconditional: improve energy efficiency by 10% by 2030.

Solomon Islands 30% 2030 BAU Reduction of more than 50% by 2050 (conditional) Conditional total -45% by 2030 from BAU (requires financial and
technical assistance). Interim target -12% below 2015 by 2025

Turkmenistan ~ NA 2030 2015 None Targets decoupling of CO2 from GDP; stabilisation of GHGs by 2030

Zimbabwe NA 2030 NA None Reduce energy emissions per capita by 33% by 2030 from BAU

Costa Rica 25% 2030 2012 To accomplish zero net emissions by 2085 Max 9.374MtCOze by 2030, emissions per capita of 1.73tCO2 by 2030

Bhutan NA 2025 NA None Intends to remain carbon neutral by not exceeding forest sequestration

Malawi (revised) NA 2030 2010 None Presented 33 climate change initiatives. Per capita emissions to be 0.7-
0.8tCO2e per capita in 2030 (compared to BAU of 1.5tCOze).

Cambodia 26.7% 2030 BAU None Conditional mitigation target. Per capita emissions 2.04tCO2e by 2030.

Rwanda NA 2030 BAU None Implementation of climate strategy requires USD24.15bn

Lesotho 10% 2030 BAU None Conditional total -35% by 2030 (BAU), requires USD1.8bn

Tajikistan 10-20% 2030 1990 None Unconditional: 1.7-2.2 tCO2e/capita.; Conditional: 25-35% GHG
reduction by 2030 (1990) or 1.2-1.7 tCOze/capita

Liberia 15% 2030 BAU Carbon neutrality by 2050 Is a GHG sink if LULUCF included

Papa New Guinea NA 2030 BAU None Targets carbon free electricity sector by 2030 (subject to external funds)
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Table 8: Summary of INDCs (Intended Nationally Determined Contributions) submitted before the 1 October deadline (in order of first to submit to most recent)

Country Pledge Targetyear Base year Long term pledge Comments

Mozambique NA 2030 NA None Total reduction of 76.5MtCO2e between 2020-30; Implementation of 12

(revised) mitigation policies and programmes subject to external support

Togo 114% 2030 2010 None Conditional total -31.14%; requires USD3.54bn (mitigation USD1.10bn)

Turkey 21% 2030 BAU None Should save 246MtCOze from BAU levels

San Marino 20% 2030 2005 None Intends to achieve reduction exclusively through domestic measures

Samoa NA 2025 NA None Adopting 100% renewables for electricity by 2017; requires international
assistance to maintain the 100% renewables through to 2025

Philippines 70% 2030 BAU None Mitigation contribution conditional on international support

Lao PDR NA 2030 NA None Listed 6 mitigation activities; requires USD 1.4bn for mitigation policies

Guinea 13% 2030 BAU None Requires USD8.3bn in total (USDG.5bn for mitigation in energy sector)

Thailand 20% 2030 BAU None Conditional total -25% subject to financial and technical support

Honduras 15% 2030 BAU None Conditional on predictable external climate finance

Sierra Leone NA 2035 NA Carbon neutrality by 2050 Intends to keep emission level low (7.58MtCO2¢); needs USD0.9bn

Botswana 15% 2030 2010 None Reductions primarily from energy sources; requires USD18.4bn

Paraguay 10% 2030 BAU None Conditional total -20%; subject to International cooperation (technology)

Belize NA 2033 NA None Reduce emissions by 24MtCOz¢ over 2014-33

India NA 2030 2005 None Cut emissions intensity of GDP by 33-35% by 2030 (2005); achieve
40% installed electricity capacity from non-fossil fuel sources

Ecuador 25% 2025 BAU None 20.1-25% emissions reduction from energy only; with financial and
technical support, conditional total in the range of -37.5 to -45.8%

Argentina 15% 2030 BAU None Conditional total -30%; subject to financial and technical support

INDCs submitted after the 1 October deadline are listed below - these still contribute towards a universal climate agreement but will not be included in the synthesis report

Bosnia- 29 2030 BAU None Conditional -23% subject to financial and technical support

Herzegovina

Bolivia NA 2030 NA None Zero illegal deforestation by 2020; double renewable share to 79%
by 2030; conditional results to be achieved with international
cooperation

Afghanistan 13.6% 2030 BAU None Conditional on external support; requires USD6.6bn for mitigation
(2020-30) and USD10.8bn for adaptation

Uganda 22% 2030 BAU None Additional mitigation and adaptation measures subject to financial
and technical support

Antigua and NA 2030 NA None Listed conditional adaptation and mitigation efforts subject to

Barbuda international support; needs USD0.24bn

Oman 2% 2030 BAU None Listed conditional adaptation and mitigation efforts subject to

international support
Increase clean energy to 24% in the total energy mix by 2021 from

UAE NA 2021 NA None 0.4% in 2014
) Reduction from Energy-4% and Others -3%; Conditional total -23%
Sri Lanka 7% 2030 BAU None (Energy 16% and Others 7%)

Source: HSBC

68



Climate change
llllll
oooooooooooo

HSBC <»



Climate change
llllll
oooooooooooo

HSBC <»



g::;l:,aa:e change HSBC <X>

November 2015

Disclosure appendix

Analyst Certification

The following analyst(s), economist(s), and/or strategist(s) who is(are) primarily responsible for this report, certifies(y) that the
opinion(s) on the subject security(ies) or issuer(s) and/or any other views or forecasts expressed herein accurately reflect their
personal view(s) and that no part of their compensation was, is or will be directly or indirectly related to the specific
recommendation(s) or views contained in this research report: Ashim Paun, Zoe Knight and Wai-shin Chan

Important Disclosures

This document has been prepared and is being distributed by the Research Department of HSBC and is intended solely for the
clients of HSBC and is not for publication to other persons, whether through the press or by other means.

This document is for information purposes only and it should not be regarded as an offer to sell or as a solicitation of an offer
to buy the securities or other investment products mentioned in it and/or to participate in any trading strategy. Advice in this
document is general and should not be construed as personal advice, given it has been prepared without taking account of the
objectives, financial situation or needs of any particular investor. Accordingly, investors should, before acting on the advice,
consider the appropriateness of the advice, having regard to their objectives, financial situation and needs. If necessary, seek
professional investment and tax advice.

Certain investment products mentioned in this document may not be eligible for sale in some states or countries, and they may
not be suitable for all types of investors. Investors should consult with their HSBC representative regarding the suitability of
the investment products mentioned in this document and take into account their specific investment objectives, financial
situation or particular needs before making a commitment to purchase investment products.

The value of and the income produced by the investment products mentioned in this document may fluctuate, so that an
investor may get back less than originally invested. Certain high-volatility investments can be subject to sudden and large falls
in value that could equal or exceed the amount invested. Value and income from investment products may be adversely
affected by exchange rates, interest rates, or other factors. Past performance of a particular investment product is not indicative
of future results.

HSBC and its affiliates will from time to time sell to and buy from customers the securities/instruments (including derivatives)
of companies covered in HSBC Research on a principal or agency basis.

Analysts, economists, and strategists are paid in part by reference to the profitability of HSBC which includes investment
banking revenues.

Whether, or in what time frame, an update of this analysis will be published is not determined in advance.

For disclosures in respect of any company mentioned in this report, please see the most recently published report on that
company available at www.hsbcnet.com/research.

Additional disclosures

1 This report is dated as at 02 November 2015.

2 All market data included in this report are dated as at close 30 October 2015, unless otherwise indicated in the report.

3 HSBC has procedures in place to identify and manage any potential conflicts of interest that arise in connection with its
Research business. HSBC's analysts and its other staff who are involved in the preparation and dissemination of Research
operate and have a management reporting line independent of HSBC's Investment Banking business. Information Barrier
procedures are in place between the Investment Banking and Research businesses to ensure that any confidential and/or
price sensitive information is handled in an appropriate manner.

4 A copy of this report was sent to UCI ahead of its publication. No consequent changes have been made to the content of
the report

7



g::;l:,aa:e change HSBC <X>

November 2015

Disclaimer

* Legal entities as at 30 May 2014 Issuer of report
‘UAE’ HSBC Bank Middle East Limited, Dubai; ‘HK’ The Hongkong and Shanghai Banking Corporation Limited, Hong HSBC Bank plc
Kong; ‘TW’ HSBC Securities (Taiwan) Corporation Limited; 'CA' HSBC Bank Canada, Toronto; HSBC Bank, Paris Branch;
HSBC France; ‘DE’ HSBC Trinkaus & Burkhardt AG, Diisseldorf; 000 HSBC Bank (RR), Moscow; ‘IN' HSBC Securities 8 Canada Square

and Capital Markets (India) Private Limited, Mumbai; ‘JP’ HSBC Securities (Japan) Limited, Tokyo; ‘EG’ HSBC Securities London, E14 5HQ, United Kingdom
Egypt SAE, Cairo; ‘CN’ HSBC Investment Bank Asia Limited, Beijing Representative Office; The Hongkong and Shanghai Telephone: +44 20 7991 8888
Banking Corporation Limited, Singapore Branch; The Hongkong and Shanghai Banking Corporation Limited, Seoul Fax: +44 20 7992 4880

Securities Branch; The Hongkong and Shanghai Banking Corporation Limited, Seoul Branch; HSBC Securities (South .

Africa) (Pty) Ltd, Johannesburg;, HSBC Bank plc, London, Madrid, Milan, Stockholm, Tel Aviv;, ‘US’ HSBC Securities (USA) Website: www.research.hsbc.com
Inc, New York; HSBC Yatirim Menkul Degerler AS, Istanbul; HSBC México, SA, Institucion de Banca Multiple, Grupo

Financiero HSBC; HSBC Bank Brasil SA — Banco Multiplo; HSBC Bank Australia Limited; HSBC Bank Argentina SA;

HSBC Saudi Arabia Limited; The Hongkong and Shanghai Banking Corporation Limited, New Zealand Branch incorporated

in Hong Kong SAR; The Hongkong and Shanghai Banking Corporation Limited, Bangkok Branch

In the UK this document has been issued and approved by HSBC Bank plc (“HSBC”) for the information of its Clients (as defined in the Rules of FCA) and those of its
affiliates only. It is not intended for Retail Clients in the UK. If this research is received by a customer of an affiliate of HSBC, its provision to the recipient is subject to
the terms of business in place between the recipient and such affiliate.

HSBC Securities (USA) Inc. accepts responsibility for the content of this research report prepared by its non-US foreign affiliate. All U.S. persons receiving and/or
accessing this report and wishing to effect transactions in any security discussed herein should do so with HSBC Securities (USA) Inc. in the United States and not with
its non-US foreign affiliate, the issuer of this report.

In Singapore, this publication is distributed by The Hongkong and Shanghai Banking Corporation Limited, Singapore Branch for the general information of institutional
investors or other persons specified in Sections 274 and 304 of the Securities and Futures Act (Chapter 289) (“SFA”) and accredited investors and other persons in
accordance with the conditions specified in Sections 275 and 305 of the SFA. This publication is not a prospectus as defined in the SFA. It may not be further distributed
in whole or in part for any purpose. The Hongkong and Shanghai Banking Corporation Limited Singapore Branch is regulated by the Monetary Authority of Singapore.
Recipients in Singapore should contact a "Hongkong and Shanghai Banking Corporation Limited, Singapore Branch" representative in respect of any matters arising
from, or in connection with this report.

In Australia, this publication has been distributed by The Hongkong and Shanghai Banking Corporation Limited (ABN 65 117 925 970, AFSL 301737) for the general
information of its “wholesale” customers (as defined in the Corporations Act 2001). Where distributed to retail customers, this research is distributed by HSBC Bank
Australia Limited (AFSL No. 232595). These respective entities make no representations that the products or services mentioned in this document are available to
persons in Australia or are necessarily suitable for any particular person or appropriate in accordance with local law. No consideration has been given to the particular
investment objectives, financial situation or particular needs of any recipient.

This publication has been distributed in Japan by HSBC Securities (Japan) Limited. It may not be further distributed, in whole or in part, for any purpose. In Hong Kong,
this document has been distributed by The Hongkong and Shanghai Banking Corporation Limited in the conduct of its Hong Kong regulated business for the information
of its institutional and professional customers; it is not intended for and should not be distributed to retail customers in Hong Kong. The Hongkong and Shanghai
Banking Corporation Limited makes no representations that the products or services mentioned in this document are available to persons in Hong Kong or are necessarily
suitable for any particular person or appropriate in accordance with local law. All inquiries by such recipients must be directed to The Hongkong and Shanghai Banking
Corporation Limited. In Korea, this publication is distributed by The Hongkong and Shanghai Banking Corporation Limited, Seoul Securities Branch ("HBAP SLS") for
the general information of professional investors specified in Article 9 of the Financial Investment Services and Capital Markets Act (“FSCMA”). This publication is not
a prospectus as defined in the FSCMA. It may not be further distributed in whole or in part for any purpose. HBAP SLS is regulated by the Financial Services
Commission and the Financial Supervisory Service of Korea. This publication is distributed in New Zealand by The Hongkong and Shanghai Banking Corporation
Limited, New Zealand Branch incorporated in Hong Kong SAR.

This document is not and should not be construed as an offer to sell or the solicitation of an offer to purchase or subscribe for any investment. HSBC has based this
document on information obtained from sources it believes to be reliable but which it has not independently verified; HSBC makes no guarantee, representation or
warranty and accepts no responsibility or liability as to its accuracy or completeness. The opinions contained within the report are based upon publicly available
information at the time of publication and are subject to change without notice.

Nothing herein excludes or restricts any duty or liability to a customer which HSBC has under the Financial Services and Markets Act 2000 or under the Rules of FCA
and PRA. A recipient who chooses to deal with any person who is not a representative of HSBC in the UK will not enjoy the protections afforded by the UK regulatory
regime. Past performance is not necessarily a guide to future performance. The value of any investment or income may go down as well as up and you may not get back
the full amount invested. Where an investment is denominated in a currency other than the local currency of the recipient of the research report, changes in the exchange
rates may have an adverse effect on the value, price or income of that investment. In case of investments for which there is no recognised market it may be difficult for
investors to sell their investments or to obtain reliable information about its value or the extent of the risk to which it is exposed.

In Canada, this document has been distributed by HSBC Bank Canada and/or its affiliates. Where this document contains market updates/overviews, or similar materials
(collectively deemed “Commentary” in Canada although other affiliate jurisdictions may term “Commentary” as either “macro-research” or “research”), the Commentary
is not an offer to sell, or a solicitation of an offer to sell or subscribe for, any financial product or instrument (including, without limitation, any currencies, securities,
commodities or other financial instruments).

HSBC Bank plc is registered in England No 14259, is authorised by the Prudential Regulation Authority and regulated by the Financial Conduct Authority and the
Prudential Regulation Authority and is a member of the London Stock Exchange. (070905)

© Copyright 2015, HSBC Bank plc, ALL RIGHTS RESERVED. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, on any form
or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of HSBC Bank plc. MICA (P) 073/06/2015, MICA
(P) 136/02/2015 and MICA (P) 041/01/2015

[483611]

72



Global Climate Change & Clean
Technology Team

Climate Change Centre of Excellence

Zoe Knight
Head, Climate Change Centre of Excellence
+44 20 7991 6715 zoe.knight@hsbcib.com

Wai-Shin Chan, CFA
Director, Climate Change Strategy — Asia-Pacific
+852 2822 4870 wai.shin.chan@hsbc.com.hk

Ashim Paun, CAIA
Director, Climate Change Strategy
+44 20 7992 3591 ashim.paun@hsbcib.com

HSBC Climate Change Indices

Joaquim de Lima
Global Head of Equity Quantitative Research
+44 20 7991 6836 joaquim.delima@hsbcib.com

Vijay Sumon
Director, Head of Indexation
+44 20 7991 6839 vijay.sumon@hsbcib.com

Amit Shrivastava
+44 20 7991 3095 amit1.shrivastava@hsbcib.com

Clean Technology

Sean McLoughlin
Vice President - Clean Technology
+44 20 7991 3464 sean.mcloughlin@hsbcib.com

Evan Li

Director, Head of Utilities & Alternative Energy — Asia-Pacific

+852 2996 6599 evan.m.h.li@hsbc.com.hk

Charanijit Singh
+91 80 3001 3776 charanijit2singh@hsbc.co.in

Gloria Ho, CFA
+852 2996 6941 gloriapyho@hsbc.com.hk

Summer Y Y Huang
+852 2996 6976 summeryyhuang@hsbc.com.hk

Simon Fang
+852 2822 4665 simon.w.fang@hsbc.com.hk

Christian Rath, CFA
+49 211 910 3049 christian.rath@hsbc.de

Murielle André-Pinard
+33 156 5243 16 murielle.andre.pinard@hsbc.com

Ravi Jain

+1 212 525 3442 ravijain@us.hsbc.com
Utilities

Adam C Dickens

Head of Utilities - EMEA
+44 20 7991 6798 adam.dickens@hsbcib.com

Verity Mitchell
+44 20 7991 6840 verity.mitchell@hsbcib.com

Pablo Cuadrado
+34 91 456 6240 pablo.cuadrado@hsbc.com

HSBC <»


mailto:zoe.knight@hsbcib.com
mailto:wai.shin.chan@hsbc.com.hk
mailto:vijay.sumon@hsbcib.com
mailto:charanjit2singh@hsbc.co.in
mailto:christian.rath@hsbc.de

Ashim Paun, CAIA

Director, Climate Change Strategy
HSBC Bank plc

+44 20 7992 3591
ashim.paun@hsbcib.com

Ashim Paun joined HSBC in 2014 as a Director for HSBC’s Climate Change Strategy, based in London. He was previously the lead
analyst on environmental catalysts for an asset manager. Earlier financial services roles include working for a corporate governance
consultancy and trading merger arbitrage opportunities for a US hedge fund. Ashim started his career as a research assistant for the
UK Parliament, and later worked for a conservation-focussed NGO. He studied at Manchester, Sussex and Cambridge Universities,
and holds an MSc in Environmental Policy and Regulation from the LSE. Ashim is a CAIA charterholder.

Zoe Knight

MD, Head of the Climate Change Centre of Excellence
HSBC Bank plc

+44 207991 6715

zoe.knight@hsbcib.com

Zoe Knight is Head of the Climate Change Centre of Excellence at HSBC. She joined HSBC in 2010 and has been an investment
analyst at global financial institutions since 1997, initially focusing on pan-European small-cap equity strategy before moving into
socially responsible investing, covering climate change issues. She contributed to the FTSE’s 2009 book ‘Investment opportunities
for a low-carbon world'. Since joining HSBC Zoe has co-authored reports on low-carbon opportunities in bond and equity markets,
as well as long-term carbon and water risks. The Climate Change Centre of Excellence produces reports on 2°C finance, climate
policy and climate impacts which are aimed at institutional investors. Throughout her career Zoe has been ranked in Extel and
Institutional Investor surveys. She holds a BSc (Hons) Economics from the University of Bath.

Wai-Shin Chan, CFA

Director, Climate Change Strategy — Asia-Pacific

The Hongkong and Shanghai Banking Corporation Limited
+852 2822 4870

wai.shin.chan@hsbc.com.hk

Wai-Shin joined HSBC in 2011 as the Director for Climate Change Strategy in Asia Pacific. The role involves helping HSBC's clients
to prepare their portfolios for the effects of climate change, as well as internal consulting for different business functions within the
bank. Before HSBC, Wai-Shin worked as a fund manager where he was centrally involved in the integration of Environmental Social
Governance (ESG) issues into the investment decision-making process. He is a former Executive Director of ASrlA (Association
for Sustainable and Responsible Investment in Asia) and was previously the ESG equity analyst for Asia at an investment bank.
Wai-Shin holds a degree in Mathematics and Physics from Durham University (first class honours) and is a CFA charterholder.

Issuer of report: HSBC Bank plc

HSBC X»

Global Research




	Front Page (Page View)
	Energy beyond Paris
	Future energy systems, investment flows and greenhouse gases
	Did You Know?
	Context
	Summary
	A low-carbon energy transition, irrespective of the outcome in Paris
	Four scenarios to simulate future energy systems
	2 C scenario requires USD870bn a year investment; INDC up to USD785bn
	Transitioning to a lower carbon economy
	Fossil fuels still have a role to play
	Variance between 2 C energy systems in the big future emitters – China, India and the US


	Contents Page-Hot Linked
	Future energy systems
	Energy systems and climate goals
	The TIAM-UCL Energy Model
	Four scenarios modelled
	2 C Scenario
	2 C + ACCEL Scenario
	INDC Scenario
	INDC+ACCEL Scenario

	Risks to HSBC’s energy transition scenarios
	Conclusions

	The 2 C energy transition
	16% more energy consumed in 2030 under the 2⁰C scenario
	Fossil fuels remain part of a cost optimal energy system to meet a 2 C world

	Fossil fuels remain in a cost optimal 2 C energy system
	Coal use declines 35% during 2010-2030 and by 69% to 2050
	Oil use increases by 16% during 2010-2030, and by 20% to 2050
	Gas use increases by 52% during 2010-2030, and by 90% by 2050

	Power generation under 2⁰C – exit fossil fuels from the mix
	Primary energy demand increases across all sectors under 2⁰C
	Industry uses more power, and more fossil fuels, though coal use declines
	Oil still dominates transport, gas and electricity the new entrants
	Buildings will consume more power as fossil consumption slides

	2050 GHG emissions down to 24.8 GtCO2e p.a., down 47% vs 2010, giving 2 C warming in 2100
	Conclusion

	The 2⁰C+ACCEL energy transition
	17% more energy consumed in 2030 under 2⁰C+ACCEL
	Overall fossil fuel consumption – coal and oil down long term
	Coal use declines 29% during 2010-2030 and by 66% to 2050
	Oil use increases by 16% during 2010-2030, but decreases by 8% to 2050
	Gas use increases by 49% during 2010-2030, and by 80% by 2050

	Power generation under 2⁰C+ACCEL – nuclear, solar and hydro replace coal and gas
	Investment in new power capacity led by renewables

	Primary energy demand increases across all sectors under 2⁰C+ACCEL
	Industry uses more power, and more fossil fuels, though coal use declines
	Oil use in transport is down, as gas and electricity take share
	Buildings will consume more power, consumption of fossil fuels peaks in 2030

	Annual GHG emissions fall to 23.6 GtCO2e in 2050, giving 2 C warming in 2100
	Conclusion

	The INDC energy transition
	27% more energy consumed in 2030 under the INDC scenario
	Overall fossil fuel consumption – more of everything
	Coal increases to 12% by 2030 and 17% by 2050
	Gas doubles through 2050, with higher demand from transport and buildings
	Oil increases by over 50% by 2050, as road and industry consumption soar

	Power generation – coal down, gas flat in share of the mix
	Investment in new power capacity – solar, nuclear, coal and gas fuel electricity

	Demand for energy increases across all sectors
	Industry – more of everything as emissions cuts focussed elsewhere
	Oil still dominates transport, gas enters the mix
	Buildings demand more energy via power, as wood burning declines

	GHG emissions increase to 53GtCO2e warming, leading to 3.4 C warming under the INDC scenario in 2100
	Conclusion

	The INDC+ACCEL energy transition
	27% more energy consumed in 2030 under INDC+ACCEL
	Fossil fuel consumption under INDC+ACCEL – more coal to power EVs than in the INDC scenario, less oil demand but still u
	Coal consumption increases by 23% from 2010 to 2050
	Gas consumption catalysed by all sectors
	Oil consumption increases by 17% in 2010 to 2030 and 32% by 2050

	Power generation under INDC+ACCEL – coal loses share
	Fossil fuels still invested in but nuclear and renewables see biggest spend

	Low carbon energy grows as power generation soars
	Industry – fossil fuel share remains constant
	Transport demands more of everything
	Buildings use more power, more gas in the future

	GHG emissions increase to 52GtCO2e warming, allowing 3.4 C under INDC+ACCEL in 2100
	Conclusion

	Enabling 2 C
	A mixed picture for fossil fuels
	Power the sector for greatest transition with USD2.5trn per annum investment in 2050 in a 2 C world
	Efficiency in power increases

	Getting to 2 C
	2⁰C China to decarbonise power, as gas soars across all sectors and oil doubles
	Soaring investment in solar, nuclear, wind brings China’s power sector emissions down
	China’s emissions down, INDC pledge beings process
	2⁰C US sees fossils drop economy-wide, as renewables dominate 2050 power
	US emissions sharply down in 2 C world
	2⁰C India needs huge power investment, as oil in transport and industry soars
	One third per capita emissions cut required in India as the economy grows through 2050

	Conclusion
	GLOSSARY
	REFERENCES
	APPENDIX 1 – Description of TIAM-UCL model
	Key features of the TIAM-UCL model:
	Building blocks of the TIAM-UCL model:
	Sector data inputs:
	Additional points on use of TIAM-UCL


	APPENDIX 2 – Intended Nationally Determined Contributions (INDCs) to date
	Notes
	Notes

	Disclosure appendix
	Analyst Certification
	Important Disclosures
	Additional disclosures

	Disclaimer
	Global Climate Change & Clean Technology Team



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (PDF settings file for CGI Printers - Produces High Definition print ready PDF's. 26/06/06 - Craig Brown)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




