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Welcome to Equinor’s Energy Perspectives 2018

Equinor's vision is to shape the future of energy. Our strategy is: Always safe, High value and Low carbon. To succeed, we
must have a balanced approach to opportunities and challenges we are faced with.

The future of energy is uncertain. It depends on developments in the global economy, technology, policy, resource
availability and consumer preferences. At the same time, it seems certain that demand for goods, services and activities
that require energy in their production or consumption will continue to grow, driven by increasing population and
increasing wealth. The challenge for energy companies and society at large is to satisfy this growing demand while
contributing to increased sustainability. For that to happen, we need an energy transition of enormous proportions.
Fortunately, we see signs of this transition happening today, in the development of new renewable sources of electricity,
in electrification of transport, in digital services, and elsewhere. However, demand for fossil fuels is still growing,
greenhouse gas emissions are rising again, and technologies for capturing emissions hardly progress. The transition is
simply too slow, and must speed up.

Uncertainties call for the use of scenarios, describing how policy, technology and market conditions can move development
in different directions, both desired and undesired. That is what Equinor's Energy Perspectives 2018 describes. It shows
that different drivers can move the development in vastly different directions over time. With one set of assumptions,
the world will move in a sustainable direction in terms of continued economic development, access to affordable energy
and lower emissions. With another set, energy efficiency will develop slowly, and the transition will be too slow.

The analysis in this report is important input to our strategic priorities, together with other analyses. Equinor wants the
global energy mix to move in a sustainable direction, according to the goals set out in the Paris Agreement. That is the
best for everyone living on this planet, as well as for our business. Our strategy; Always safe, High value, Low carbon; is
designed to handle the uncertainties and contribute to a sustainable development, allowing Equinor to shape the future
of energy in a balanced manner.

With this 8™ edition of Energy Perspectives our analysts again contribute to discussion, highlight challenges and
opportunities, and suggest shared beliefs on what will drive the development in global energy markets. In short: they

provide insight.

| hope Energy Perspectives will provide useful input to your own work, regardless of your field of interest.

..f/? .
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Eldar Seetre
President and CEO
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Executive summary

Energy company executives, market analysts and the public seem to agree about three things: first, that a growing, richer
global population will demand more goods, services and activities that require energy; secondly, that there is an energy
transition going on; and thirdly, that large investments are needed to grow and improve the global energy system. This
agreement is less visible in terms of the implications for energy demand, the speed and scope of the energy transition,
and where in the energy system there is a need for large investments. In this 8™ edition of Energy Perspectives, we intend
to paint a holistic, aggregated picture of global energy markets towards 2050, analysing relevant energy sources, sectors
and regions across three distinct scenarios.

The three scenarios in this report are constructed to embrace a wide range of possible future outcomes, building on
different factors, trends and developments we observe today, but where there is considerable uncertainty about future
development. Energy markets in Reform build on recent and current trends within market and technology development,
rather than policy support, to be the main driver of change. Renewal represents a future trajectory, supported by strong,
coordinated policy intervention, that delivers energy-related emission reductions consistent with the 2°-target on global
warming. Rivalry describes a volatile world, where development and policy focus are determined mainly by geopolitics and
other political priorities than climate change. While the important characteristics of the three scenarios remain the same
compared to earlier years, certain scenario features are new in this year's report. We have supplemented Renewal with
two sensitivities in addition to the main scenario projections to address two key uncertainties of low carbon emission
scenarios; one where the role of carbon capture, utilisation and storage (CCUS) remains miniscule and is limited to
currently operating and sanctioned projects; and another where climate policy action is delayed to 2025. This year's Rivalry
contains cyclical economic growth with boom and bust periods, underlining the volatility of the scenario and allowing
visualisation of the effects of cyclicality on energy demand. Additionally, oil demand has been split into oil products in
each scenario, to better understand implications for crude oil quality and refinery crude slates.

Global population will grow to 9.8 bn people by 2050, and average global economic growth in the three scenarios ranges
from 1.9% to 2.7% per year, yielding a global GDP in 2050 between 1.9 and 2.5 times that of the level in 2015.
Improvements in energy intensity are larger than those seen between 1990 and 2075 in all scenarios, but vary significantly
between 1.1% and 2.8% per year, resulting in total primary energy demand (TPED) in 2050 being 6% lower than in 2015
in Renewal, 25% higher in Reform and 30% higher in Rivalry. Renewal represents a tremendously challenging development
aimed at achieving targeted emission reductions, with vast improvements in energy intensity, delivering on the first belief
above without resulting in higher energy demand. Changes in the global energy mix provide a good indication for the
speed and scope of the widely discussed energy transition. In 2015, fossil fuels — coal, oil and gas - accounted for 82% of
TPED. Towards 2050, this share declines in all scenarios, but at vastly different rates; to 51% in Renewal, 70% in Reform,
and 77% in Rivalry. The development in Rivalry thus questions the notion of a broad and swift energy transition. Oil demand
in 2050 varies between 59 (Renewal) and 122 (Rivalry) million barrels per day (mbd), with Reform at 105 mbd. Peak oil
demand arrives as early as 2020 in Renewal, around 2030 in Reform, while oil demand continues to grow through the
entire time horizon in Rivalry. Gas demand in 2050 varies between 3,300 (Renewal) and 4,800 (Reform) billion cubic
metres (Bcm), with gas demand in Rivalry a little lower than in Reform. There is a significant need for new investments in
oil and gas in all scenarios, with Reform and Rivalry offering the widest opportunity set, while Renewal calls for the
development of premium resources with competitive cost structure and low carbon footprint. Demand for coal, the most
important contributor to global carbon emissions, develops in vastly different directions across the scenarios; in Renewal,
the need to reduce CO, emissions drives coal demand down to 26% of the 2015 level. In Rivalry, where other forces
dominate, demand is 111% of the 20715 level. Coal demand in Reform is 82% of the level in 2015. New renewable sources
(New RES) of electricity generation, primarily solar and wind, increase their 2015 share in power generation from 5% to a
substantial 24% to 49% in 2050, with average annual growth rates in solar and wind at 4.6% to 7.4%. This also calls for
substantial investments to secure 3,600 to 8,300 gigawatts (GW) additional generation capacity compared to 2015.
Global energy-related CO, emissions vary between 12.5 and 38 billion tons (Gt) in 2050, compared to 32 Gt in 2015.

Projecting development in global energy markets is a challenging, but important task. It is my hope that Energy
Perspectives 2018 contributes to a fact-based discussion of possible energy futures.

Eirik Waerness
Senior vice president and Chief economist
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Context and uncertainties

A transition fast or slow in the making?
. ) ) The term "energy transition” is increasingly becoming commonplace
Recent signposts show diverging paths in discussions of the global energy future. No clear definition or
description of this transition exists, nor is it clear if we refer to a
LB process or an end state. On the one hand, we see clear signals of
increasing pace of change in different parts of the energy spectrum:
- . in the costs of providing energy, oil, gas, renewables and battery
L capacity; in the costs of new end-user technologies; in geopolitical
Ue.crng relations with relevance for energy markets; in the distribution of
orade profits across the value chain for different energy sources; in the
increasing linkage between energy and other services to end-users; in
Sszcr‘;r:d the rhetoric around the need for significant reductions in energy-

. L
wind Iran

capacity v Z:lee;!;
risk

growing

Booming
EV sales Renewable
costs
dropping

related CO, emissions; and in the license to operate and public
acceptance of companies involved in fossil fuel extraction. At the
same time, the empirical proofs that an energy transition is taking
place are currently difficult to find, since oil and gas demand keep
growing, and coal demand is increasing again; CO, emissions have
grown after three years of stagnation; sales of internal combustion
engine vehicles (ICEVs) far outpace that of electric vehicles (EVs);
electricity is below 20% of total final energy consumption (TFC); the
future profitability in different parts of the value chain is uncertain;

and the average global price of carbon emissions is close to zero.
Most recent observed doubling time of key 9eg P

technologies . . . . .
Years Energy transition in a changing, growing, integrating world

Any energy transition will take place in a world that is changing in

3 ~ 4 Demand lithium-ion batteries
many dimensions. Importantly, global population is growing, and the
@ Installed solar PV capacity requirements for access to affordable, reliable and sustainable
energy are also increasing in strength. Because of growing
2 Computational speed populations, capital accumulation, higher education and general

technological progress, the size of the global economy will grow

Global EV stock L .
significantly over the next decades. Thus, demand for goods, services

1 L Cumulsiive sal-divenmies and activities that require energy will certainly increase. How this
affects growth in energy demand depends on the development of
Bitcoin power use ¢ global energy intensity, which is a key factor affecting our ability to

ensure sustainable development going forward. In  mature
economies, there is reason to believe that energy demand could
decline, both because populations do not grow, economic growth is
moderate and energy access is already universal. In emerging
economies, however, all these variables point towards higher energy
demand. Since availability of energy sources is not distributed
according to where energy demand will grow or shrink, future flows

0

Source: Various sources, Equinor

Regional shares of global TPED of energy exports and imports will change significantly over time,
% with Asia dominating imports of energy, and North America and
=== North America =0 European Union Russia being key export regions.
China India
20 - Geopolitics will be affected
The growing reliance on new renewables, as well as the corresponding
\ decline in the importance of coal, oil and gas, combined with a shift
20 ¢ - away from centralised, large-scale, grid-dependent energy supplies,
.\\. will impact geopolitics and the relative power between countries and
10 b regions. Energy balances will shift along with political inter-
dependences. Some countries and regions will be losers in this
transition, and may have to be compensated by the winners to ensure
0 05 SO an efficient and peaceful transition. How this could take place,
Source: IEA however, is not at all clear.
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A more electric world

It seems reasonable to assume that the share of electrification will
increase. Electricity is an efficient, clean and silent source of energy
for the end-user; and it is extremely versatile and flexible; so with
economic growth, demand for electricity should grow. At the same
time, the large cost improvements in new renewables entail that
electricity becomes more easily available at low costs, and with no
carbon emissions in the generation phase. Some sectors are clear
candidates for increased electrification, such as certain transport
segments. Other sectors could be more challenging, like heating and
cooling in buildings. Increasingly, as electrification increases, costs of
infrastructure, investments in electricity storage, balancing
technologies, including the use of digitalisation to facilitate efficient
balancing, will be a more important issue in addition to the
investments in the supply capacity itself. This is particularly so as the
share of weather-dependent, intermittent sources of electricity
keeps growing. The issue of securing sufficiently high wholesale prices
to stimulate investments will also grow in importance.

Enormous investment requirements

To ensure available energy supplies over the next decades, large
investments in new capacity must be undertaken. IEA estimates
cumulative investments in the 2015-40 period of USD 70-75 tn in fuel
supply, electricity supply and end-user energy systems in their New
Policies (NPS) and Sustainable Development (SDS) scenarios.
Irrespective of forecasts for oil and gas demand, natural decline
drives supply capacity down, below demand, and closing the gap
requires large investments. As an example, in our Renewal scenario —
with oil demand at only 59 mbd in 2050, a 6% annual decline implies
a need to ensure deliveries of some 480 bn barrels of oil from new
sources — 30% more than the total Opec supply over the last 35 years.
Given the increasing difficulties of finding new resources and the
increasingly tough environment in which the industry operates, it
could be questioned whether the necessary investments will be
undertaken. Similarly, growing demand for electricity all over the
world, and the need to replace coal-fired and nuclear capacity, imply
an enormous call for investments in new renewable electricity
generation capacity as well. This needs to be supplemented by
investments in local, regional and central electricity grids, backup
capacity and storage. With the uncertainty around future electricity
prices, business models and regulatory regimes, risks are high,
impacting investments. In addition, cracking the CCUS code is
necessary to deliver on climate ambitions and satisfy energy demand.
This will also require investments, but with huge uncertainties about
business models, regulatory regimes and profitability.

... in a digitalised setting

Finally, improved computational capacity and low costs of data
storage and sensor technology facilitate a digital revolution. On the
supply side, it will impact the way energy is delivered, through cost
reductions, increased recovery rates, improved safety and increased
efficiency. On the demand side, it will influence markets and future
business models, and customers will increasingly see energy in
combination with other digital services.
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The three scenarios

The future of energy is uncertain. Energy Perspectives therefore
contains three scenarios that provide a wide outcome space for
global energy market developments. There is no probability attached
to the scenarios, but each scenario is technically achievable based on
a distinct set of assumptions. The main scenario drivers can be
summarised as economic development, climate policies, market
forces, technology, energy efficiency and geopolitics, with the
individual scenarios placing more emphasis on certain drivers. In
Reform, market forces and technology developments take priority,
while in Renewal, climate policies are driving the outlook. Rivalry is a
scenario where geopolitics play centre stage. Energy market
developments are kept similar in all three scenarios until 2020, at
which point they start to diverge. The size of the global energy system
and its inherent inertia entail that it will take some time before new
development paths will become clear and visible. Out of the three
scenarios, only Renewal represents a sustainable future from a
climate perspective.

Reform: market forces and technology

In Reform, population growth and healthy economic development
lead to continued growth in energy demand. Demand grows however
at a slower pace than historically, as economies continuously strive to
use energy more efficiently, leading to a sustained drop in energy
intensity. Declining energy intensity is not a new trend; since 1990 the
energy intensity of the global economy has dropped by almost a
quarter. In Reform, energy intensity is projected to fall by almost 50%
towards 2050. Annual energy-related CO, emissions increase from
current levels of around 32 Gt to a peak of just below 35 Gt in the
mid-2020s, before they gradually decline towards 31 Gt by 2050.

In terms of climate policy, the Nationally Determined Contributions
(NDCs) from the 271f Conference of Parties in Paris in 2015 form the
policy backbone in Reform. The guidance provided by the NDCs is
however becoming more uncertain, as the existing NDCs are to be
replaced and tightened by 2020 in the hope of putting the world on a
more sustainable environmental trajectory. This can however not be
taken for granted, and in the absence of strong climate policies and
targets, Reform places more emphasis on market and technology
developments. Energy prices provide important signals for how the
market operates, and energy and technology costs shape long-term
investment decisions. Energy prices gradually increase over time, as
most regions introduce CO, prices, and energy subsidies are gradually
phased out.

Market and technology developments in Reform largely build on
recent and current trends. Technology improvements continue, but
no "leap-frogging” technology break-throughs are assumed, and
different technologies coexist over time. Policies can support new
technologies at an early stage, but only technologies that become
economical, or clearly show the potential to become economical, are
sustained. The energy mix continues to change, but largely at the
same pace that we have observed over the past. New renewables
grow rapidly in the power sector and eventually take up a significant
share of the electricity mix in all regions of the world. Battery cost
reductions support the deployment of grid storage, as well as
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electrification of the transportation sector. The lack of a technology
breakthrough however limits the ability of batteries to penetrate
long-distance road transportation, aviation and maritime trans-
portation.

Electrification continues in all sectors and the share of electricity in
TFC continues to grow in line with historical trends. The industrial and
residential sectors experience the largest growth in electricity
demand, and residential electricity use almost doubles by 2050.
Electricity demand for transportation grows the fastest and
becomes a significant source of demand.

The share of fossil fuels in TPED declines gradually in Reform from
almost 82% in 2015 to around 70% in 2050. Coal experiences the
largest drop in share, oil loses market share marginally, while the
share of gas increases. All low carbon fuels increase their presence in
the energy mix, with new renewables gaining the most.

Renewal: a policy-driven 2° world

The Renewal scenario represents a future trajectory for the energy
markets that is consistent with limiting global warming at below 2°.
The scenario operates with a carbon budget that brings the
cumulative energy-related emissions of CO, between 2016 and 2050
to around 816 Gt. The projections end in 2050, but is implicitly
assumed that energy-related carbon emissions continue to fall
further and fit to a carbon budget of around 250 Gt during the
second half of the century.

Economic growth over the whole projection period is slightly higher in
Renewal than in Reform. Up until around 2030, however, growth in
Renewal is slightly suppressed due to lower capital efficiency related
to the investments needed to transform the energy system. After
2030, the growth rates in Renewal eventually surpass Reform, as the
economy benefits from the investments and technology
development, and economic growth in Reform is hit by the increasing
cost of climate change. Despite higher growth, energy demand is
significantly lower in Renewal than in Reform, as the decline in energy
intensity of the global economy is about two-thirds by 2050
compared to 2015. In fact, TPED in 2050 is 6% lower than in 2015.

Strong policy intervention is needed in energy markets in Renewal to
force the necessary investments in low carbon technologies. This
applies to renewables in the power sector, decarbonisation of the
buildings sector, electrification of transportation, realisation of
efficiency gains in industry and CCUS, in power generation and
industry. A global approach is necessary and all regions must partake
in this collective effort. Fossil fuel producer prices are lower compared
to Reform, due to the lower level of supply, while end-user prices must
be higher to contain demand, due to higher taxation of the related
externalities. All regions implement CO, prices or taxes or a
combination, and these tend to be significantly higher than in Reform.

Low carbon technologies get a strong push from policies in Renewal.
The higher deployment of renewable power generation capacity,
batteries and CCUS help driving efficiency, innovation and pushing
down costs. In Renewal, we see broader technological shifts, such as
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in passenger cars, where ICEVs are almost completely phased out in
new car sales, and in power, where coal power generation almost
disappears by 2050.

Renewal experiences the fastest rate of electrification of the three
scenarios and delivers an acceleration compared to historical trends.
The improvement in energy efficiency however leads to lower
electricity demand in absolute terms relative to Reform.

The share of fossil fuels drops much faster in Renewal compared to
Reform, declining to 50% by 2050. The sharpest fall is in coal,
followed by oil, while gas ends up with a share in 2050 that is roughly
the same as in 2015.

In this year's Energy Perspectives, we also introduce two sensitivities
to the Renewal scenario. The first sensitivity explores how the carbon
budget could be met if it is assumed that there is no more CCUS
capacity installed compared to what is already built by 2020. The
second sensitivity assumes that CO, emissions follow the same
trajectory as in Reform until 2025, to illustrate what could happen if
necessary further policy action is delayed. However, both sensitivities
maintain their 2° character and comply with the carbon budget of 816
Gt allocated to 2016-2050.

Rivalry: a volatile geopolitical environment

In Rivalry, global economic growth is negatively impacted by a volatile
geopolitical environment affecting trust, conflicts, trade, investments
and consumption. In this scenario, we have also assumed cyclicality in
economic growth, with periods of low growth and recessions followed
by more positive periods when the global economy strengthens.
Despite significantly lower economic growth relative to Reform,
growth in energy consumption is higher. This is caused by less
environmental regulation, slower or no phase-out of fuel subsidies
and lower investments in energy efficiency. This in turn weighs on
energy intensity improvements, which are significantly smaller than
in the other two scenarios. Implementation of new technology is also
slower, leading to slower cost reductions, less efficiency gains, lower
ability to integrate variable renewables in the power system and less
electrification of transport.

Indigenous sources of energy are favoured in Rivalry, and low cost and
security of supply are more important concerns than being clean or
low-carbon. The biggest winner in Rivalry is therefore coal. Coal is
marginalised in Renewal and is in decline in Reform, but in Rivalry coal
remains an important part of the energy mix. Renewables continue
to grow in Rivalry, but at a slower pace compared to Reform.
Renewables remain an attractive source of energy in most regions,
but less supportive regulation and more restrictions on trade and
technology exchange slow down capacity deployment. The situation
for gas is more mixed. In Rivalry, gas loses out to coal due to higher
cost and less focus on its environmental credentials. In addition,
growth in LNG demand is hampered by security of supply concerns,
protectionism and less global trade. Oil consumption is up relative to
Reform, due to lower energy efficiency, less regulation, subsidised fuel
prices and less electrification in the transport sector.
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Cyber security, a new economic battleground
As we digitalise our lives and connect business
operations through devices and applications, cyber
security risks grow in probability and disruptive
potential. The number of cyber attacks against
businesses has almost doubled in the past five years,
and the Ponemon Institute estimates that annual
cyber threat related costs per company are on
average USD 12 mn, increasing by 25% per year.

In 2017, so-called ransomware attack attempts
represented two thirds of all malicious emails. Some
were notoriously successful. WannaCry affected
300,000 computers in 150 countries; NotPetya is
estimated to have cost USD 1.2 bn to the global
economy. To confront this threat, the cyber security
market is according to Zion Research expected to
grow from USD 105 bn in 2015 to USD 180 bn by
2021.

The most common type of cyber-attacks happens
when cyber criminals seek small and rapid profits
through illegal gains of information, e.g., ransom-
ware and credit card scams. The digital means used
and information gained can lead to more severe
cyber espionage through the acquisition of sensitive
and confidential information. The energy sector is a
target of attacks from both states and competitors
seeking advantage, and criminals seeking potential
revenues, from stolen information. Such information
is also potentially used for cyber sabotage, creating
entryways to compromise the integrity of systems.

The energy systems' supply, transportation and
distribution assets are high-profile targets with
potential for severe economic, safety and political
implications. In 2015, hackers used a so-called trojan
to shut down several Ukrainian power substations by
attacking three power companies. In August 2017,
Saudi Aramco was forced to shut down an industrial
process as the Triton malware was attacking its
safety system. In March 2018 the City of Atlanta was
forced to shut down all its 8000 employees’
computers, halting many public services, as the
SamSam group carried out a ransomware attack.

Increased digitalisation, the "Internet of Things" and
the interconnection of legacy and new energy
systems are introducing new vulnerabilities for the
energy industry. The sophistication of the tools and
attack vectors in the hands of small attack groups
and individuals is increasing. Historically, tools that
state actors could employ would take years to filter
down to less organised groups. This timeline is
shrinking, multiplying the threat sources. Govern-
ments, international institutions and industries are
collaborating to prevent attacks, but preventive
measures will always have to adapt to the changing
nature of cyber threats. The human factor, aware-
ness and behaviour, will remain critical as cyber
defenders need to stay lucky all the time, whereas the
attackers only have to be lucky once.

10

The rate of electrification is lowest in Rivalry and electricity demand
growth is slowest, despite TPED being higher. Less focus on energy
efficiency and decarbonisation favours direct use of fuels rather than
electricity.

Overall, the share of fossil fuels remains relatively constant in Rivalry
over time. By 2050, they still account for over 77% of total primary
energy demand. Oil maintains its share, while gas and coal drop
marginally.

The geopolitical backdrop in Rivalry is a fluid, volatile and conflict-
ridden world, where the influence of global governance and
multilateral institutions has diminished. Great power politics and
shifting alliances signal the end of benign geopolitics. The lack of trust
among global players leaves the international community unable to
address effectively challenges associated with climate change,
terrorism, cybercrime, as well as biological warfare and pandemics.
Major powers impose their will on smaller countries through
economic, and when deemed necessary, military means. The value
proposition of democracy declines, with many parts of the world now
ruled by dictators and autocrats, some of whom are intent on
exporting their authoritarian political models. Other issues than
climate dominate the energy policy agendas.

The rise of China as a global superpower and the demise of US
influence on the global stage is accelerated in Rivalry. A weakened EU,
meanwhile, driven by illiberalism in several member states and the
continuous north-south divide, is unwilling and unable to assert itself
globally. Despite economic and demographic challenges, Russian
manoeuvres ensure that it remains animportant international player,
and, thus, a continuous thorn in the West's side. The US, meanwhile,
is unable to reverse its relative global decline. The power vacuum that
this inevitably leaves is quickly filled by regional actors much to the
detriment of the rules-based global order. A direct consequence of
disruptive geopolitics is weaker international trade and investment,
which leads to economic stress across many parts of the world.

On the positive side, relative technological progress and productivity
gains help improve standards of living across many regions over time,
albeit at a slower pace than in Reform and Renewal. A significant
portion of the 1.3 bn people living in extreme poverty in 2018 are
better off, but poverty is far from eradicated. At the same time, the
remaining poor are concentrated in a few populous countries in
Africa, the Middle East, and Asia, thereby generating further
instability in those regions and beyond.

In this world of diffusion and self-reliance, the global community
proves unable to address many of the challenges that the modern
world is confronted by. Conflict is now a constant, driven, as it is, by
technology and mutual subversion. Most notably, the international
community fails to meet its climate targets and Rivalry ends up being
the least sustainable scenario in many ways. Annual global energy-
related CO, emissions continue to grow until 2040, before they
plateau at around 39 Gt.



Global population growth and energy demand

Global population growth is one of the fundamental
assumptions supporting energy market forecasting, with
powerful impact on results. Population projections build on the
combination of four factors: fertility, mortality, migration and
age distribution. The United Nations Population Division's 2017
Revision of the World Population Prospects is one of the most
widely-referenced sources, where nine different standard
projections are available. The Medium-Fertility Variant
assumes a growth in the use of family planning that will result
in reductions in fertility, the High-Fertility variant assumes that
in each country the fertility rate is half a child more, while the
Low-Fertility Variant assumes that in each country the fertility
rate is half a child less. Population estimates and average
growth rates for the three projections are shown in the table
below. A Constant-Fertility projection further stretches these
limits with 10.9 bn people projected in 2050, while other
projections are within the range defined by the High and Low
variants.

CAGR 2015-2050

Projections Population 2050

Medium-Fertility 9.8 bn 0.8%
High-Fertility 10.8 bn 1.1%
Low-Fertility 8.8 bn 0.6%

Energy Perspectives uses the Medium-Fertility Variant
projection across all scenarios, to simplify our approach to a
complex discipline. Had this not been the case, the 0.3 %-point
deviation between High and Low versus Medium global
population growth rates alone would trigger a change of +/-
9% in TFC by 2050 in Reform.

Not all forecasters share the same approach to population
growth assumptions. The climate change research community
has been working on a set of alternative pathways of future
societal development, the so-called Shared Socioeconomic
Pathways (SSPs), which are used in integrated assessment
models to produce climate-relevant results. Interestingly, all
the five SSPs are based on widely different population growth
assumptions. Out of the five SSPs, three pathways rhyme well
with our three scenarios: In the Middle of the Road pathway,
which carries similarities to Reform, global population growth
is moderate and levels off in the second half of the century,
because of the demographic transition in high-income
countries. Lack of satisfactory education investments in low-
income countries, however, is not able to slow population
growth in a similar manner. In the Sustainability — Taking the
Green Road pathway, which shares narrative with Renewal,
educational and health investments accelerate the
demographic transition, freeing women from traditional
gender norms and leading to relatively low population globally.
Low fertility is also driven by the shift from agriculture to urban
life, meaning less incentives for families to have children to
work on farms, also reinforced by increasing costs of raising a
child in urban environments. Fast income growth is an
additional catalysator of low growth in high-fertility countries.
Finally, in the Regional Rivalry — A Rocky Road pathway, which
in many ways can be compared to Rivalry, demographics and
urbanisation are poorly managed. Population growth is low in
industrialised countries due to lack of migration, and high in
developing countries due to slower improvements in education
and income.
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Energy policy and conflicts in Renewal

The Renewal scenario is assumed to play out in a benign
political environment, where the whole world pulls in the same
direction, leading to a coordinated and joint response to the
threat of global warming. In Renewal, there are several factors
that can potentially decrease conflict levels both on a
domestic, regional and global level. There are less negative
consequences of climate change over the longer term, local
pollution is decreasing, energy production is decentralised and
democratised, economic growth is solid, energy poverty is
reduced, and access to energy is more widespread. Countries
that today rely on fossil fuel imports, will become less
vulnerable to supply disruptions and volatile import prices and
experience improved energy security.

There are however many risks to this outlook, and new sources
of conflict may arise, as the world goes through the transition
to a low-carbon economy and energy system. This is a topic
that is being examined by the Global Commission on the
Geopolitics of Energy Transformation, established by the
International Renewable Energy Agency and supported by the
governments of the United Arab Emirates, Germany and
Norway.

A key concern is what will happen in regions that today are
highly dependent on oil and gas exports. The fall in export
revenues in countries in the Middle East, North Africa and
potentially Russia may lead to political instability and social
unrest, which may jeopardise their participation in the energy
transition, and potentially have negative geopolitical impact
that could spread also outside the region. In Renewal, these
income shifts are assumed to be handled and compensated in
a benign manner.

The energy transition itself also brings up new risks. Increased
deployment of renewables and battery storage puts pressure
on the supply of critical raw materials. Countries that have
restricted access to capital and new technology will be
disadvantaged. Large-scale electricity transmission systems
may need to be further expanded, creating new types of
interdependencies between countries, that could be a source
of strengthening ties, but also of conflict.

The big question is whether these risks endanger the energy
transition and put the target of limiting global warming to 2°
at risk. Today, the Middle East, North Africa and Russia
account for around 13% of global energy-related CO,
emissions. In Renewal, it is assumed that these emissions drop
by around 35% by 2050, and continue to fall post-2050. A
failure to do so will put more pressure on other regions to
compensate and step up their efforts even further, which will
be very challenging. If the lack of action spreads to other
"disadvantaged" countries, where access to finance is limited,
and ability to integrate new technology is low, it may prove to
be an impossible task to put the world on a Paris-consistent 2°
path.
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Identity politics

As the post-Cold War era gives way to renewed geopolitical
contest, identity politics, based on particular ethnic, social,
cultural or religious identities, is re-emerging as an important
factor in political mobilisation as well as in geopolitical rivalry
between states. While not a new phenomenon - recall the
Balkans and Rwanda in the 1990s - it is resurfacing with
renewed relevance.

After World War 2 (WWII), the major powers saw it as crucial
to build over-arching global institutions and treaties that
created economic and political interdependencies between
states, that ultimately would benefit all economically and
stave off the attraction of nationalism and provincialism.
However, while it has led to a global trading system that has
driven global GDP growth across the world and hugely
benefitted poor countries, inequalities within countries and
societies have increased, both in industrialised and developing
countries. This has led to an increasing sense of threat,
victimisation and exclusion among the groups in society that
have been "left behind".

The political consequences of this have emerged with ever
greater clarity in the West, resulting in populist uprisings
across established democracies, and producing a current that
threatens to rip the political landscape of established
democracies apart.

However, identity politics are also highly relevant in many other
parts of the world. In a sense, identity politics never really went
away, even if its importance has fluctuated over the years.
Across the Middle East, political mobilisation around religious
and ethnic identity has been a feature for decades, but now it
is being skilfully managed by political regimes and non-state
actors alike, contributing to growing instability, exemplified in
the Sunni-Shia schism. In Asia, nationalism has been a
prevalent feature since WWII, but today it is increasingly being
used by current and rising powers to mobilise popular support
in lieu of compelling ideological arguments and socio-economic
progress.

In Rivalry, with the fracturing of international trade systems,
increasing economic protectionism, and lower economic
growth, and where conflict becomes a permanent feature,
tensions within societies across the world continue to grow.
Identity politics becomes easy to turn to both for leaders and
political regimes as well as for groups that feel marginalised
and under pressure. In some instances, this manifests itself as
more traditional nationalism on behalf of the state; and in
others, as a break-down of the party-political system. But in
both cases, identity or identities are seized upon to create and
amplify boundaries between groups of people, us and them.

Creating the conditions to be able to effectively combat
nationalism in the geopolitical sphere, and communalism in
domestic political spheres to achieve mutual trust, less
inequality and more inclusion, will be exceedingly difficult in a
Rivalry world, if not impossible.

If black swans fly

"Black swans" do appear on the horizon from time to time, but
it is demanding to predict exactly where and when. Also known
as "wild cards”, "game changers” or “paradigm shifts", the
term describes future developments with low probability, but
high impact. They render most assumptions worthless and
send planners back to the drawing board.

Looking ahead to 2050, it is more likely than not that black
swan events will occur.

Conventional market analyses often think in terms of
economy, policy and technology. Those categories are
necessary, but far from sufficient. Also, politics, medicine,
biotechnology, migration, environmental issues, and natural
phenomena deserve attention. Profound changes here may
ultimately hold more power to change the world. So here are
three black swans for the reader's reflection that just might
imply significant change for humanity over the next 32 years:

Nuclear fusion

The commercial breakthrough of this technology would be a
blessing for the global community, but spells immense
challenges for traditional energy producers. The ability to
combine smaller atoms to release energy represents an energy
source that is plentiful all over, safe, and green. This innovation
fast renders irrelevant most traditional energy market ideas
and is a paradigm shift for global energy politics. Apart from
less affluent pockets of the world that are technologically
disadvantaged and lack access to capital, the global electricity
system moves on a path towards running almost exclusively on
nuclear fusion.

Blue Death

New pandemics, the weaponization of disease and widespread
antibiotics resistance leave millions of people vulnerable to
lethalilinesses by natural contagion or human design. The most
infamous case is Blue Death, a plague-like condition compared
by medical researchers to the Black Death pestilence of the 14t
century. In the 275t century world, it spreads fast and is almost
impossible to contain. In economic and societal terms, it causes
severe setbacks and a long-lasting economic depression. But it
is also an equaliser, affecting rich and poor equally, and gives
new population segments access to land, water and other
resources. Fighting plague becomes the top political priority
globally.

Mars colonised

The technology to melt subterranean ice on Mars, along with
quantum leaps in oxygen condensation and space technology
enable humankind to colonise the planet in a way imagined
only in science fiction in the previous century. Driven by
international rivalry, both China, the US, India and the EU have
established permanent city clusters on Mars, on the “second
planet”. While they still depend on Earth for food and several
staples, great progress has been made towards Mars'
autonomy. There is still no agreement on how to rule the new
world. But the day when human life can continue there, even if
the Earth becomes uninhabitable, does not seem too far away.
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Decrypting cryptocurrencies

Cryptocurrencies have rapidly gained ground over the
last two years. Today, there are around 1400
different digital currencies in use — led by Bitcoin -
and the number is still growing. One of the new
additions is the "Petro”, which was launched by
Venezuela in February 2018 to circumvent US
financial sanctions and to help Venezuela's collapsing
economy. Maduro's government claimed that the
new currency is backed by the country’s mineral
reserves.

Some of the general benefits of cryptocurrencies are
regarded to be no transaction fees, widespread
access for users, limited risk for identity theft and
immediate settlement. On the other hand, this digital
payment vehicle has several weaknesses, such as not
being accepted widely, being difficult to understand,
lacking regulation, generally no guarantee by central
banks, and the potential of being used in illegal
financial activities. Due to the very nature of
cryptocurrencies, the position and role of central
banks will likely be challenged ahead, which is the
biggest concern, as robust public institutions are one
of the cornerstones of any country's economic
development. Further, cryptocurrencies have been a
very volatile asset class for investors and customers.
High volatility in the valuation of cryptocurrencies
may stress debt-funded market participants, which
again could have negative ripple effects throughout
the real economy. When it comes to energy use in the
digital "printing" of some of the cryptocurrencies,
Bitcoin's electricity consumption alone is huge and is
estimated by Digiconomist to be just shy of 70
TWh/year (close to Austria's yearly electricity
demand), and growing rapidly.
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The global economy

Current situation and outlook to 2025

The global economy is in an expansionary mode, with robust global
growth and inflation trending upwards. Most leading economic
sentiment indicators are up, signalling employment gains, higher
private consumption, and an improvement in business activity. The
US economy displays strong growth propelled by gains in the labour
market, a loose monetary policy and fiscal stimulus. Eurozone
progress remains solid, driven by job creation and ultra-loose
monetary policy, but political uncertainty might damage business
confidence. Japan has experienced a positive economic momentum,
sustained by low unemployment and strong external demand.
China's economy shows resilience in the transition from investments
to a consumption driven-economy and the smooth leadership
reshuffle late last year. Although growth in India has remained
modest, improving business sentiment after the tax reform, and
gradual resumption in bank lending, currently add support to the
economy. Russia is helped by higher energy prices, and Brazil has
recovered from its last recession. As of now, the global economy looks
to grow by 3.2% in 2018, which is somewhat stronger than the year
before. Geopolitical tensions, an excessive pace in monetary
tightening, protectionism and rising debt levels in emerging markets
are key downside risks. On the upside, the pickup in activity and easier
financial conditions may underpin each other. Hence, risks to near-
term growth appear broadly balanced.

Projecting economic development, our approach

Economic activity in the near term is shaped by demand for final
goods and services. It is natural that economies fluctuate above or
below the trend growth, with fiscal and monetary policy and reforms
utilized actively by policy makers as steering tools. Our long-term
approach shifts attention to the supply side and the production
potential of economies. Our framework is based on modelling
changes in input factors such as labour and capital, and a residual
that reflects production efficiency, Total Factor Productivity (TFP).
Convergence among economies is assumed, as developing countries
will grow at faster rates than advanced countries.

Outlook to 2025

For the 2018-20 period, global economic growth is expected to be
stable at around 3.0% as a yearly average. This will be one of the
stronger growth stages since the financial crisis of 2007-08.
Emerging markets lead the development, but the cyclical upswing is
also supported in mature economies. Geopolitical tensions and some
protectionist measures will not arrest the economic momentum. To
maintain and raise the pace of economic expansion, changes that
encourage innovation and promote investment in productive capital
will be important. The growth forecasts for our three scenarios start
to deviate from year 2021 and are discussed below.

In Reform, the global economy during 2021-25 slows to an average
growth of 2.8% per year. This is primarily due to a mild cyclical
economic downturn in the US reinforced by a policy interest rate
normalisation by the Federal Reserve. Still, healthy population growth
and capital investments mostly in the energy sector contribute to
expansion. Private consumption carries the US economy as it grows
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Global GDP growth by scenario
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at an average of 1.7% per year. In the Eurozone, core members pursue
further integration, while fringe members are more reluctant. Some
labour and product market reforms, coupled with investments in
research and development filter through, as the area's economic
performance reaches 1.5% per year on average — assuming a limited
negative impact of Britain's EU-leave. Japan's robust industrial
development and labour shortage lift real household income. Front-
loaded purchases before the tax hike in 2019 and construction works
in relation to the Tokyo 2020 Olympics sustain domestic activity.
However, high public debt levels slow growth to 0.7% per year.
China's economy continues to transform from industrial to services-
and consumption-driven growth, with solid labour market conditions,
robust digitalisation and an orderly soft landing of the housing
market. A reduction in debt levels amongst companies and local
government, the anti-pollution campaign, and supply side
improvements will lead to a moderate GDP growth deceleration at
55% per vyear. India recovers from the twin policy shocks of
demonetisation of large currency notes and the introduction of the
Goods and Services Tax. Infrastructure development and structural
reforms drive growth to a robust 6.8% per year over the period.
Brazil's huge resource base, somewhat higher commodity prices, and
favourable demographics result in an average expansion of 2.6% per
year. In Russia, demanding demographics, slowing investments, low
innovation and business diversification curb growth to an average of
1.5% per year.

The reallocation of investments towards the green economy in
Renewal is driven by the need to reduce global CO, emissions and fulfil
agreed targets, and is not aimed at the highest short-term economic
return. Policy regulations materialise in the form of increased taxes
on emissions, a gradual, but rapid phase-out of coal-fired power
plants, and a curb in energy use. Initially, the transformation of the
energy systems is costly and requires subsidies and investments with
initially low returns. The economic growth in Renewal is 2.4% on
average per year, which is 0.4 percentage points below Reform's
growth rate. Europe and leading Asian countries are first movers with
cost-efficient new solutions. The rest of the world will follow closely
behind, as the political will for greening increases. However, it is
difficult to cope with the energy transition in big fossil fuel producing
regions and countries like the Middle East and Russia. The positive
impacts of energy transition in the Renewal scenario come to the
surface beyond 2025.

The economic development in Rivalry is highly cyclical. This is a feature
in a world with escalated regional conflicts, sanctions and inefficient
markets that dampen technology development. Political and
economic resources are channelled to less productive purposes, such
as security and defence spending. Further, lack of confidence
between countries and focus on own interests, rather than solutions
serving global interests, slows GDP growth significantly in Rivalry to
only 1.1% per year through 2021-25. Pockets of outright economic
recessions are seen in different regions. Economic activity is markedly
poor first and foremost in the Middle East and North Africa (MENA).
This assumes a continuation of the tumultuous geopolitical situation
seen today in MENA, while other regions are slightly more sheltered.
The US is about to abandon outdated regional alliances and costly



Technology driven slowdown in store?

Severe economic setbacks have historically often
been caused by debt mismanagement, stock market
crashes, imprudent economic policy or even very high
oil prices. Some of this is likely to happen again, but
what if a setback or stagnation will come from the
"new technology rooted economy” itself? In the
continuation we address three challenges that pose
a risk to economic development going forward:

Challenge #1: The biggest new US technology
companies listed on exchanges have surged in
market value, and operate mostly in separate
markets. An asymmetry has developed between
these companies and their regulators (both domestic
and foreign) in terms of resources. Further, some
governments have raised the question of how to
strengthen tax collection from these companies.

Challenge #2: Capital accumulation looks to benefit
the few, leading to more inequality, and possibly
binds up capital that otherwise could have been
employed in the economy.

Challenge #3: Stronger automatisation, robotisation
and innovation are expected to lead to welcome
productivity gains in economies, but they may leave
millions of people redundant. The market for goods
and services may shrink as a consequence, leaving
capital owners with less incentives to expand
investments, creating a negative circle that slows
down economies. A mixture of lower tax receipts and
mass unemployment could thus threaten many
welfare states.

The risk of all this to follow through is not seen as
imminent, but in the short-term it may enlarge
frictions between companies, labour unions and
authorities. An escalation is likely to be gradual and
stretch out in time - but it nevertheless bears the
potential to cause substantial headwinds for
economies and energy demand.

GDP growth by source, Reform
Real 20170 annual % change at market exchange
rates
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commitments, and pursues energy self-sufficiency. The EU s
weakened, while China seeks to expand its geo-economic policies.

Outlook beyond 2025

The global population is set to increase through the forecasting
period, but at a decelerating rate. According to the UN, the world's
population is set to increase to 9.8 bn in 2050. All regions face aging
issues at a varying degree, as workforces shrink due to retirement. A
high labour market participation rate, improving educational system,
and labour market flexibility are key elements for securing a
competitive work force. Urbanisation is faster than ever, and
megacities are at the heart of value creation. Countries continue to
draw on their capital base of resources, machinery, transport
equipment, infrastructure and building capital. As financial and credit
markets mature, capital efficiency increases in emerging economies.
Digitalisation, automatisation, and robotisation become important
tools in combining labour and capital to enhance productivity, and to
manage the aging issue. The service sector in the global economy
grows. Beyond 2025 the three scenarios continue to develop in a
multi-speed way, where Reform grows by an average of 2.5%,
Renewal by 2.7%, and Rivalry by 1.9%. This means that by 2050, the
global economy is 1.9 to 2.5 times as large as it was in 2015. In the long
run, the world economy and its leaders have to deal with global
imbalances in trade and budget deficits. Policy makers in the Western
world also have to reduce and eventually end vast quantitative easing
programs. Many governments must build or reinforce their social
welfare systems, combat inequality through income and wealth
distribution, revive productivity, and cope with migration.

Reform: a trend-based economy

The global growth in Reform is somewhat lower than the historical
growth rate seen at 2.8% since 1990. This is primarily due to shrinking
working-age population and a gradually diminishing catch-up
potential in emerging markets. Overall, the world's energy and
economic systems develop in line with previous decades and do not
change as much as in Renewal. Most economies generally avoid
enforcing excessively burdensome environmental regulations on their
economies. The global economy stays market driven and operates
efficiently. Traditional energy carriers dominate, although new
renewables increase their market share. A slight negative
environmental impact occurs from mid-2030s and lowers the
economic pace somewhat. During the mid-2030s China surpasses
the US as the world's biggest economy, measured at market
exchange rates. Debt reduction and structural reforms towards a
more consumption oriented welfare economy sustain China's
growth. The economy grows on average by 3.6% per year, as financial
and fiscal restructuring and investment in digital infrastructure
enhance capital efficiency. Asia is expected to be the growth engine
of the world by the mid-2030s with its favourable demographic
dividends and attractive investment options. OECD economies grow
at an annual average of 1.6% over the 2026-50 period, while progress
in non-OECD economies averages 3.5%.

Renewal: a sustainable economy
Green investments gradually yield the highest return and are more
attractive than traditional energy investments. The green shift is
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China's shrinking labour force

China's total working-age population, or the number
of people aged between 15 and 64, fell to 998 mn last
year, its lowest level since 2009. A shrinking pool of
workers presents a challenge to China's long term
economic growth.

Japan has long experienced the working-age
population decline with severe labour shortages,
which threatens labour intensive construction and
transportation sectors. Together with a rapidly
ageing population, and the swelling spending on
health and pensions, Japan has found it hard to rein
in public debt and economic growth has plummeted
since 1990.

Similarly, in China, the share of people over 65 years
in 2017 increased to 11.4%, up from 10.8% in 2016. The
rapidly ageing Chinese population has led to a
growing shortfall in China's pension scheme which is
often filled through transfers of central government
funds. A pilot programme has been set up to transfer
shares in state-owned firms to social security funds.

The working-age population decline in China has also
a created a tighter labour market both in quantity
and quality. In 2017, total Chinese urban employment
increased by 10.3 mn, as more rural residents moved
to cities, though the figure was less than the 13.5 mn
new urban jobs being created. Further, there seems
to be an insufficient pool of highly educated work
force to satisfy the rapid upgrade of the economic
structure. This has driven up labour cost and led to
transfer of labour-intensive industries to other
developing countries which have more competitive
labour cost.

The shrinking potential labour force also led to a
faster rise of per capita disposal income, which
spurts a rapid transformation to a service-driven and
consumption-based economy, that will be less
dependent on labour-intensive industries. Never-
theless, one countervailing tendency in China
mitigating wage increases has been the dramatic
shift in the structure of labour demand. This is
reflected in the collapse of employment in state-
owned enterprises, especially in the manufacturing
area as a result of structural reform to remove
excess industrial capacity, and the growing role of
employment in private enterprises and through self-
employment.

Demand for labour in industry will decline further if
China  successfully implements its  structural
economic reform, and upgrades its manufacturing
sector with more advanced labour-saving tech-
nology.
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interlinked with a rapid digitalisation of the energy industry, which
contributes to efficiency gains in the overall economy. Technology
developments spread, helped by global arrangements that foster
international relationships in areas important for green growth.
Further, transition towards lighter industry and service based
economy coincide with stricter energy efficiency and climate targets.
Monitoring from space countries' emissions on an individual basis
proves to be an efficient system for compliance with internationally
agreed emission cuts. The phase-out of subsidies, and significantly
higher global carbon costs help to fund new capital-intensive low-
carbon electricity infrastructure and CCUS. Transforming the energy
system is by nature labour-intensive, and new renewable energy
capacity additions create local jobs which is welcomed by
governments. Some of the new energy systems are de-centralised,
meaning that households and companies generate their own
electricity and sell excess electricity back to the grid. This directional
shift in power from big electricity producing companies to consumers,
in addition to the need for huge power capacity add-ons, raise the
need for governments to be more active in energy infrastructure
investments. Traditional fossil fuel producing regions are able to
adjust to new reality in the long run. GDP growth in Renewal outpaces
Reform's from the early 2030s. CO, emissions are kept within the 2°-
consistent carbon budget, hence there is no or only a marginal
negative environmental impact on economies.

Rivalry: a volatile economy

The meagre initial years of the 2020s are followed by a strong
expansion phase from mid-2020s and for the remainder of the
decade. Although the global growth rate hovers around 3% yearly
during 2026-30, and outpacing both Reform’s and Renewal's growth
rates, the economic development is slow because of base effects.
Cycles of economic growth continue during the 2030s and 2040s,
alternating at 5-year bust periods of around 1% average yearly GDP
growth and 5-year boom periods with around 3% average yearly
growth. From the late 2020s, local pollution, global warming and
their negative environmental consequences gradually filter through
and escalate. This particularly hurts economic activity in less
developed economies and countries closer to the Equator.
Throughout the forecasting period, the Americas enjoy thriving inter-
regional trade counteracting increased protectionism for the region
and enabling relative prosperity. Europe is unable to compete
effectively on the global scene and drifts into stagnation and
protectionism. Russia's development in Rivalry is just shy of its
development in Reform. Less emphasis is put on remodelling the
economy, as the country harvests on its big petroleum resource base.
China and Southeast Asian countries manage relatively well with a
combination of large domestic markets and strong regional trade
links. India emerges as a global manufacturing hub and maintains
impressive growth. Economic activity in MENA is driven by oil and gas
exports, but the instability across the region restricts trade within
and between states, and also impacts economic expansion directly.
Oil and gas production expansion is periodically hampered due to
growing security threats. This, combined with increased domestic
petroleum consumption and less availability for exports, make Middle
East export countries see their financial resources shrinking.



Climate-related financial disclosures

Mark Carney, the Governor of the Bank of England
and Chairman of the G20's Financial Stability Board
(FSB) has been the first high-profiled public official
linking two issues: climate change and financial
stability. His central idea and message has been that
climate change could lead to financial crises and
falling living standards, unless the world's leading
countries do more to curb current and future carbon
emissions. Carney suggests that doing too little, too
late, may lead to a disruptive energy transition, which
would likely have more severe economic and
environmental impacts than a more gradual
transition. Following his landmark speech "Breaking
the tragedy of the horizon" in September 2015 and
discussions at the November 2015 G20 meeting, the
Task Force on Climate-related Financial Disclosures
(TCFD) was established in December 2015 under the
umbrella of the FSB. TCFD seeks to develop
recommendations for voluntary climate-related
financial disclosures that are consistent, comparable,
reliable, clear and efficient, and provide decision-
useful information to lenders, insurers, and investors.
TCFD's Preparer Forum is tasked with identifying
best practice and setting the direction for disclosures
to be integrated in mainstream financial reporting.
There is an expectation that the TCFD recommen-
dations may evolve into regulatory requirements in
some jurisdictions.

Financial risk associated with climate change
comprises both physical and transition risks. Physical
risk is the risk associated with the climate change
itself, such as extreme weather, flooding, drought or
sea level rise, and affects all sectors and regions.
Transition risk is the risk of changes in policies,
liabilities, technologies or consumer behaviour. The
energy sector is thought to be most exposed for
transition risk, but changes in energy consumption
and mix have wide implications across many sectors.
Both physical and transition risk can result in financial
risk, such as production and operational disruptions,
supply chain disruptions, physical damage to assets
and consequent increase in insurance costs, changes
in resource or input prices, such as water, energy or
food, and changes in demand for and prices of
products or services.

Interestingly, scenario analyses have been promoted
as a useful tool in climate-related financial
disclosures, to better inform the financial sector
about the robustness of a company's business plans.
CICERO, an independent non-profit climate research
centre in Norway, recommends the use of consistent
scenarios for a 2° 3° and 4° future, to ease
comparison across companies and industries.
However, it is important that users of scenario
analysis and stress testing are aware of the
uncertainties and limitations of scenario analysis,
apply the stress tests with due care, and do not
misinterpret scenarios as predictions. In particular it
is important to take note of the fact that future
portfolios might be very different from current
portfolios, if transition risks do in fact materialise.
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Global climate policy and
greenhouse gas emissions

Climate policy: a shift in global leadership

The US and China, the world's two largest carbon emitters, have
revised their climate policy positions. In June 2017, President Trump
announced that the US would withdraw from the Paris Agreement
as soon as possible meaning November 2020. The Trump
administration is also moving to roll back many of its predecessor's
policies, such as the Clean Power Act, vehicle emission standards and
curbs on power plants. Following the withdrawal announcement, the
governors of several US states formed the United States Climate
Alliance to continue advancing the objectives of the Paris Agreement.

China emerged as a cautious climate policy co-leader prior to the
Paris conference, and is now — with the US no longer running for
leadership — widely expected to assume an even more central role.
China is however not in position to fill the void left by the US. Chinese
leaders' rhetorical support for the Paris targets matters, but China
cannot make good on the financial incentives the US had offered
other nations. Rather than accepting to single-handedly defend the
Paris accord, China is likely to enter a new coalition with the EU and
Canada, replacing the US-China coalition. The EU has an ambition to
be the world's climate leader, but internal tensions and Central-East
European member states opposing the policy implications have made
this difficult. However, the EU can take the role as facilitator for a
China-EU-Canada coalition, and in that way play an important role
in international climate negotiations.

EU's own climate policy is advancing, though with different member
countries continuing to advocate different levels of ambition.
Importantly, a post-2020 EU Emissions Trading System (ETS) reform
plan has been agreed. The cap on aggregate emissions will be lowered
at a faster pace, and more emission allowances will be injected into
the Market Stability Reserve. The allowance price has responded by
increasing from 4-5 EUR/t CO, in April 2017 to the 12-14 EUR/t range
one year later. EU's 2030 climate and energy policy framework also
includes an Effort Sharing Regulation (ESR) agreement to reduce
emissions not covered by the ETS by 30% between 2005 and 2030,
plus a renewables goal that could be 27% or 35% and an energy
efficiency goal that could be 30% or 35%, depending on the outcome
of discussions between EU institutions. While representing steps in
the right direction, many feel the 2030 framework lacks in ambition
as it falls short of putting the EU on track towards the "well below 2°"
ambition, and the Council has given the Commission until 1t quarter
2019 to prepare a CO, emission reduction plan in line with this
ambition.

Next steps for the Paris Agreement

The 271 Conference of the Parties (COP) in 2015 led to the Paris
Agreement that sets out a common ambition to limit global warming
to well below 2° and to pursue efforts to limit it to 1.5°. The main
mechanism to achieve this is the NDCs. A first set of NDCs covering
the period up to 2025 or 2030 were submitted in 2015, and new or
updated pledges are to be submitted every five years. At COP 24 in
Katowice in Poland this year, the rules for how to measure, monitor
and verify progress will have to be defined and agreed upon.
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The process will be challenging. Emission estimates are by their very
nature uncertain. They need to encompass a variety of sources
including fossil fuels, agriculture and deforestation. Individual country
groups' relative emission reduction and financial responsibilities
remain contested. Moreover, although the current NDCs are too
weak to deliver the well below 2° target, pointing instead towards a
warming in the 2.7-3.7° range, they have so far triggered an even
weaker policy response with many countries failing to take adequate
action. It is critical that the meeting in Katowice encourages greater
urgency in raising the ambitions of the NDCs, to "move further
faster”, as the current UN slogan depicts. The new and updated
pledges that are to be submitted in 2020, need to entail a significant
tightening of policies if they are to bring the world back on track to
limit global warming to well below 2°.

Global energy-related carbon emissions

|IEA puts global energy-related CO, emissions in 2016 at 32.1 Gt. The
Global Carbon Project estimates that fossil fuel use accounted for
82% of the total emissions, with land use changes contributing 12%
and cement manufacturing 5%. Natural sinks — the world's forests
and oceans - re-absorbed an estimated 47% of the emitted CO..
Energy-related CO, emissions increased by around 60% between
2000 and 20715, but the curve flattened in 2016 and 2017, to the relief
of everybody concerned with global warming. It seems however that
they rebounded in 2017, by 1.5-2.0%, as energy demand growth
picked up. OECD country emissions continued to decline, although
marginally, but Chinese and Indian emissions were up.

In Reform, global energy-related CO, emissions increase until the end
of the 2020s - initially by about 1% per year, in line with apparent
growth in 2017, later by rates falling to zero. Through the 2030s and
2040s emissions decline, yielding a total of 1,170 Gt over the full
scenario period. In Renewal, emissions peak a couple of years from
now and decline at an average of more than 3% per year between
2020 and 2050, so that the carbon budget underpinning this scenario
is met. In Rivalry, emissions level out around 2030 at some 38.5 Gt,
and fluctuate around this level for the rest of the scenario period.
Cumulative emissions over the 2016-50 period are 1,280 Gt. The main
Renewal scenario is as mentioned complemented with two
sensitivities, one that caps CCUS capacity at current levels and
another that assumes that policy tightening is delayed until 2025, and
CO; emissions follow the same path as Reform up until this year. The
key parameters for the scenario and the two sensitivities can be
found in the table on the next page. The CCUS sensitivity is described
further in the next section. If policy action is delayed until the mid-
2020s, but the Renewal carbon budget is retained, more dramatic
cuts will be needed in the following years. Whereas in Renewal global
emissions never need to be depressed by more than some 4% per
year, in the delayed action sensitivity they must be slashed by up to
6-7% per year. Consequently, global energy use will have to fall by an
average of 1.3% per year from 2025. Combining this with the strong
economic growth that is assumed in Renewal may not be technically
feasible. Fossil fuel use has to be slashed further compared to the
significant cuts already taking place in Renewal. To meet the carbon
budget, coal is almost completely out of the mix by 2050 and gas and



Renewal sensitivity results

Year 2050 Renewal No Delay
CCUS 2025
Gross CO,emissions -
Gt 14 13 9
Annual growth TPED A A e
e 0.5% 0.5% 1.3%
Oil demand - mbd 59 59 51
Gas demand - Bcm 3,300 3,100 3,000
Coal demand - mtoe 1,000 850 200

Total electricity

generation - TWh 40,100 39,800 37,500

Solar/wind
generation - TWh 19,600 21,300 21,300
Solar/wind share 49% 54% 57%

Source: Equinor
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oil demand is respectively 9% and 14% lower than in Renewal. This
sensitivity illustrates the urgency of starting emission reductions.

The role of CCUS

CCUS figures prominently in most 2° scenarios. The Inter-
governmental Panel on Climate Change (IPCC) estimates that
reaching the 2° target will be more than twice as expensive without
CCUS as with. However, the disconnect between visions and actual
project activity remains glaring. The World Bank reports that though
a third of global carbon emissions are currently subject to some form
of carbon pricing, prices are too low to incentivise the commercial
implementation of CCUS in most regions.

There are now more than twenty large-scale CCUS projects
operating or under construction throughout the world, in addition to
more than one hundred smaller-scale projects. Most current projects
are based in the US, and the CO, is as a rule being used for enhanced
oil recovery (EOR). But EOR is not an option everywhere and the
scope for other CO,-based product lines remains unclear. This means
that CCUS usually adds costs, but not revenues to projects, and may
only fly if governments step in with subsidies or if companies are
faced with carbon prices much higher than today's prices or both.
Climate science suggests that governments should step in as the
cost-benefit equation for CCUS looks different if the long-term
benefits to society of reduced warming are considered, but there is
not the same universal enthusiasm for this measure from
governments or in green circles when compared to new renewable
energy. CCUS on biomass use is widely counted on to remove already
emitted CO, from the atmosphere beyond 2050, and is therefore
outside the time horizon of this report.

In Rivalry, there is no progress beyond existing projects in operation or
at advanced stages of preparation as of 2018. In Reform, many more
projects go forward, and CCUS becomes a real - although
comparatively small - contributor to global warming mitigation.
Renewal sees significant growth, with capture increasing to
approximately 1.5 Gt of CO, per year by 2050. This means the
completion of almost 1,100 projects the size of the US Petra Nova
CCUS project, the world's largest post-combustion CO, capture
system in operation. Though CCUS plays an important role in all 2°-
consistent scenarios, its implementation at scale is far from
guaranteed, and recent policy developments have been
underwhelming. To test the viability of a 2°-consistent scenario that
does not include any new CCUS development, a sensitivity analysis
was carried out on Renewal. To counter the lack of 1.5 Gt CO, being
captured by 2050, a 9% increase in wind and solar capacity by 2050,
as well as improvements in the energy efficiency of the industrial
sector by a CAGR of 0.05%, would allow for the 2° carbon budget to
be met. This further increase in wind and solar capacity represents
over 800 GW of new capacity over that already required in the
Renewal scenario.
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Water supply, land use and energy supply in the
world of climate change

Water, food and energy have always been crucial for human
survival. A growing world population, climate change and a lack
of incentives to coordinate utilisation across industries and
national borders will increase the pressure on these basic
resources. Although there are numerous international
agreements and global initiatives aiming at distributing
resources more fairly and eradicating hunger and deprivation,
we see again and again that resources are used in geopolitical
power struggles and even in wars. The result is maldistribution
and inefficient use of resources, and serious damage to natural
ecosystems.

To safeguard its population, ensure sustainable communities
and provide for development and economic prosperity, a
nation needs predictable, long-term access to basic natural
resources. The importance of securing this lies at the base of
all development planning. As we explore ways to combat and
adapt to climate change, the interlinkages between land and
water use and energy supply will become even more poignant,
and potential conflicts involving food production will come into
focus.

Global fresh water reserves are being depleted at an
unprecedented rate. Agriculture accounts for 70% of global
freshwater use. But also the energy industries are major users
with oil and shale gas production, refining and the cooling of
power stations being highly water intensive activities. OECD
estimates that global demand for freshwater may increase by
55% between 2000 and 2050.

With most projections showing growth in both global food and
global energy demand going forward, the competition for
water and land resources will likely harden. If investment in
biofuels farming picks up, that might aggravate the situation
by causing large scale deforestation and displacement of land
currently used for food production. Innovative deployment of
sustainable renewables such as algae and waste would reduce
the pressure on land and water. Only through clever
combinations and utilisation of synergies will the world be able
to meet the needs of the future, whilst also meeting the Paris
Agreement ambitions and mitigating climate change.

In both Rivalry and Reform, energy demand is growing. In
Renewal, total primary energy demand declines slightly from
the mid-2020s, and coal and heavy oil use drops sharply. This
also benefits water. Increased use of conventional biomass
and biofuels in Renewal adds to the pressure on land and
water. However, as Renewal is not a particularly biomass
intensive scenario with a consumption by 2050 only marginally
higher than that in Reform, this does not erode its preferability
for an environmental point of view.

The scope for changes in life styles, food consumption and non-
essential water use in a world with 9.8 bn people, a global GDP
at 1.9-2.5 times that of 2015 and billions more middle-class
consumers, is a key uncertainty going forward, irrespective of
scenario.

Carbon value chains and CCUS, including CCUS in
industrial applications

CCUS plays a significant role in most 2°-consistent scenarios.
Providing for a roll out of CCUS at scale is therefore a key
challenge for all regions of the world. The take up of the
generally proven technologies involved in CCUS normally
depends on their economic viability, with both technical and
market factors playing roles. The utilisation aspect of CCUS is
key to this, and although several opportunities are available,
only EOR has been exploited and has made a substantial
impact on project profitability. CO, has been used to enhance
oil recovery fromm mature reservoirs in the US for decades, but
elsewhere the adoption of CO,-stimulated EOR as a storage
option has been minimal. The amount of CO, that can be
stored is determined by reservoir characteristics and
miscibility, well design and number, operating decisions, and
economic variables. Foremost of these variables are the prices
the industry can obtain from oil production and for CO,
storage. Pricing of CO, emissions could, if prices increase to
levels significantly above those seen today, provide an
important stimulus and encourage investment in developing
new alternative technologies with lower emission profiles and
costs. Other options available include investment tax and
storage credits, tax exemptions, fuel economy and environ-
mental standards, and carbon intensity limits.

Currently, EOR projects use about 80 mn tonnes of CO, per
year, almost all of which is permanently trapped in oil
reservoirs. Though there is storage capacity both off- and
onshore, the costs of utilising offshore reservoirs are much
higher due to fewer injection wells and the requirement for
subsea separation of the oil and CO,. Offshore CCUS does
however have potential for cost reductions, with research by
Equinor showing that CO,-stimulated EOR could be profitable
on the Norwegian Continental Shelf given new technologies on
material and sub-sea separation currently in development, of
course helped by the high CO, tax in Norway.

The capture of CO; is the costliest part of CCUS value chains,
and therefore projects involving the capture of high-purity CO,
for industrial utilisation at source hold particular promise.
Good examples are the industrial production of hydrogen,
ethanol, natural gas and steel, as well as the use of ammonia
and urea. Though outlooks for CCUS typically focus on the
power sector, coal and gas burning power stations are low-
concentration CO, sources for which CCUS is yet to prove
cost-effective once the purification of the CO, is considered.

Stronger fiscal and regulatory incentives are required to
facilitate the upscaling of advanced CO, storage through EOR
around the globe. The development of a profitable CCUS
industry also depends on capital investments for CO, capture
and transportation infrastructure. Policy that is consistent and
predictable, combined with targeted subsidies, are required to
promote these investments.

Renewal requires a CO, capture rate of approximately 1.5
Gt/year by 2050, a modest rate when compared to other
climate-target consistent scenarios. The lack of policy support
and economic viability in the short to medium term mean that
it is unlikely CCUS will have a major uptake until the mid-
2020s, particularly in the power market where low-cost new
renewables are making up an ever-increasing share of supply.
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Global energy developments

World TPED by region World TPED increased by an average of 1.8% per year between 1990
Btoe and 2017. Growth has fluctuated in response to economic cycles and
'E‘jrrzzg:zr‘;:n 'azzesrt:;?z;u;cdﬁc fuel price ups and downs, as well as random factors, but has not
China India displayed any clear trend. Since 1971, there have been three periods

= Rest of World of declining energy demand growth, but after the first two, growth
o rebounded to the 3.0-3.5% range. Time will tell whether the third
12 | I I | | | period which we are currently experiencing, proves more permanent.
I I I I I I I Energy intensity, meaning TPED per unit of global GDP, was down by

an average of 1.0% per year between 1990 and 2015.

. 11l
i

6

3 L The energy intensity of an economy is determined by many factors.

I I I I I I I I I I I I I I I I I I I I I I I I I I Energy efficiency improvements play a role, but do not always live up
© to expectations, and are seldom the only driver. Changes in economic
1990 1995 2000 2005 2010 2015 . . L . . .
structure, i.e., changes in the shares of individual industries in GDP,
may affect energy use, as may the penetration of new technologies
and fuels in energy end use and in electricity supply, and changes in
consumer behaviour. Consumers' preparedness to accept more
energy-light lifestyles have in the past proven transient, but changes
like a turn towards car sharing or public transportation are factored
into most green scenarios.

Source: IEA

Energy intensity of world economy

Toe/100,000, 2010 USD IEA, which monitors energy efficiency policy and energy intensity
25 - developments around the globe, is worried about recent
developments. Global energy demand growth more than doubled -
20 from 0.9% to 2.1% - from 2016 to 2017. The energy intensity of the
global economy declined by about 1.7% in 2017, which represented a
1 slow-down compared to the average of 2.3% for the period 2014-16.
o U |IEA puts the set-back down to a stand-still in energy efficiency policy
coverage, stringency and enforcement, in addition to lower fuel

s | prices.
0 Some observers consider that efforts to dampen or reverse energy
1990 1995 2000 2005 2010 2015 demand growth by means of energy efficiency policy will always have
Source: [EA mixed results due to the rebound effect. This effect refers to basic

tenets in economic theory — that making the consumption of a good

or service more efficient will lower its real price, and that as the good

gets cheaper, consumers will want more of it. It is seen to work

through various channels, via relative prices and by increasing

consumers' spending power and encouraging them to buy more of

everything, including the good that has become cheaper and other

Average annual declines in regional energy goods that use this good as input factor. The suggested result is that
L;tensities by scenario, 2015-50 an initial policy-driven decline in the demand for the good that has
° become cheaper, like energy, over time will give way to renewed
1990-2015  HReform  MRenewal  HRivalry growth in demand, possibly to the point where the entire initial gain

0 is wiped out.

In Reform, global TPED increases by an average of 0.6% per year

between 20715 and 2050. Growth slows by two thirds compared to

the 1.8% per year that was the average for the 1990-2015 period. The

-4 energy intensity of the world economy declines by an average of 1.9%
per year. This is nearly double the rate which was typical for the 1990-
2015 period. There are large interregional variations in energy

North  Other EU  Industiial China  India demand growth and energy intensity decline rates, reflecting

(METIEE (AONEIREE P’:i:gc differences in economic growth, structural characteristics and policy
emphasis on pushing energy efficiency improvements.

Source: Equinor
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Global TPED by fuel and scenario
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In Renewal, global TPED increases slowly for another 4-5 years, but
then flattens and eventually goes into decline, resulting in a level by
2050 about 6% below today's level. The industrialised parts of the
world use on balance 40% less primary energy by 2050 than in 2015.
Most other regions need more energy by 2050 than today, but only
India, Southeast Asia and Africa are still on rising demand curves by
the end of the scenario period. The energy intensity of the world
economy declines by an average of 2.8% per year, almost three times
the rate of the 1990-2015 period. North America, Europe and
industrialised Asia accomplish decline rates of 2.5-2.8% per year.
China and India are in the lead with decline rates around 4% per year.

In Rivalry, global TPED increases by an average of 0.7% per year
between 2015 and 2050, marginally faster than in Reform despite
much slower economic growth. The rate fluctuates with periods of
relatively rapid growth alternating with periods of zero or even
negative growth in response to the violent economic cycles that
characterise this scenario. Energy efficiency policy is not abandoned,
but is pursued with less vigour and supported by less resources,
especially in the regions most affected by instability. The energy
intensity of the world economy declines by 1% per year, about as
quickly as in the 1990-2015 period.

Fuel mix outlook

A country's fuel mix is heavily influenced by its resource endowments,
vested interests in different fuels, inherited infrastructure, relative
fuel prices and traditions for policy intervention motivated by supply
security and/or social concerns. Hence there are huge variations in
the shares of individual fuels in individual countries' energy use.

In recent years climate and other environmental concerns have
prompted similar fuel mix policy adjustments across numerous
countries. The global energy system is however a vast mechanism
beset by technical and institutional rigidities, short-sightedness and
temptations to free-ride, and turning it around is proving a
monumental task.

IEA data suggest that the fossil fuel share of global TPED has
dropped from above 85% in the early 1970s, but has stagnated in a
narrow 81-82% range. Within the fossil fuel category there have been
changes, with the oil share declining from around 45% in the early
1970s to 32% in 2015 and the gas share going up from 16% to 22%.
The coal share is higher today at around 28% than it was in the 1970s
and 1980s. Outside the fossil fuel category, the nuclear share
increased rapidly in the 1970s and early 1980s, but stagnated after
Chernobyl and has declined since Fukushima. Hydro is stable in the
2.0-2.5% range.

The global fuel mix will likely see significantly larger changes in the
future than in the past. There is broad agreement that attainment of
the 2° target, not to mention an even more ambitious climate targets,
will require rapid changes in fuel mix away from fossil fuels towards
cleaner substitutes.

The power and transport sectors are key. Countless studies show
decarbonisation of electricity supply in combination with accelerated
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electrification of energy end use to be the most feasible and cost
efficient of global CO, emission reduction strategies. In the transport
sector, interest in EVs has exploded, and in some regions hydrogen is
being promoted as an alternative. Electricity and hydrogen, and
evidently biofuels, could make inroads also in short-medium distance
marine transportation and aviation, and LNG, biofuels and hydrogen
are in scope for long distance non-road transport.

In Reform, the coal share of global TPED drops from 28% in 20715 to
19% by 2050. The oil share is down from 32% to 28% and the gas
share edges up from 22% to 23%. The new renewables (mainly wind,
solar, modern biomass and geothermal energy) share increases from
about 1.5% to almost 10%. The latter score reflects however IEA's
conventions for translating wind and solar power generation into
contributions to TPED, which is controversial and arguably
underplays the future importance of these renewables, see separate
textbox. In Renewal, the coal and oil shares of global TPED drop
further, to 8% and 21% respectively by 2050. Only gas holds up
among fossil fuels with a market share of 21% by the end of the
scenario period. New renewables contribute 19% to TPED by 2050.
Also in Rivalry, coal is down, but only to 24%. Oil and gas are stable
with shares of 32% and 21% at the end of the scenario period,
respectively. New renewable energy supply increases by almost 5%
per year, but its share of TPED by 2050 is still below 6%.

Power sector outlook

Global electricity consumption more than doubled between 1990 and
2015. Chinese demand increased more than 8-fold. Only one region,
the Commonwealth of Independent States (CIS), experienced a
decline in demand due to economic chaos in the 1990s that sharply
reduced industrial production and energy demand including electricity
use.

The electricity share of world TFC increased from 13% in 1990 to 19%
in 2015. This share varies widely from region to region. Although more
than 1 bn people still live without access to electricity, a vast number
of communities have been connected to the grid and many more
households have managed to put solar panels on their roofs to enable
at least clean lighting and recharging of small appliances.

For technological, market and policy reasons, the electricity share of
TFC is expected to continue increasing. Electricity use remains supply
constrained in large parts of the world. Consumers everywhere want
more appliances in their homes, and every year tens of millions of
people pass the threshold where they can afford them. Demand
growth will be strongest in the big emerging economies with
hundreds of millions of citizens acquiring middle class status and
celebrating by buying washing machines, fridges, freezers, air coolers,
computers, gadgets, etc. Energy efficiency improvements will
dampen growth in electricity demand, but not to the point of
eliminating it any time soon.

While the residential and services sectors will see further
electrification from already high levels of electricity penetration, the
transport sector is facing an upheaval in its fuel use, with electricity
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likely to become the dominant fuel in road passenger transportation,
capture major market share in road goods transportation and make
inroads in marine and air transportation as well.

In Reform, global electricity demand increases by an average of 1.7%
per year between 2015 and 2050, In Renewal and Rivalry, growth is
1.4% and 1.3%