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ember 2015 Paris Agreement on climate change is a remarkable document.

5 pages it offers a pragmatic blueprint for resolving one of the foughest
ciely faces. The aim of the Agreement is fo hold the increase in the global
temperature o well below 2°C above pre-industrial levels and o pursue
limit the temperature increase fo 1.5°C above pre-indusiricl levels.

of this goal, the Agreement calls total of carbon dioxide {CO) emitted fo the
ance between anthropogenic atmosphere. If lofal cumulalive emissions

by sources and removals by sinks overshoot a threshold, it may be necessary
suse gases in the second half of lo go beyond netzero emissions to achieve
y." This emphasis on "a balance” “netnegative” emissions, where more CO: is

is also referred to as “net-zero extracted from the atmosphere than continues
—is a crifical development lo be released. In such a case, the global

t recognises that surface temperalure average surface femperature can fall.

s directly related fo the cumulative '

IS AGREEMENT CALLS FOR AN EARLY PEAK IN EMISSIONS, THEN A DECLINE TO
D EMISSIONS DURING THE SECOND HALF OF THE CENTURY

ing of emissions

Positive emissions
Atmospheric COz rises

Nelzero emissions Netnegative emissions

l Atmospheric CO: falls
1 onwards == T x Emissions sinks
Greenhouse gas emissions CO: absorbed by emissions sinks

Shell schemalic

Implementation of the Agreement is now
under way, with most national governments
responding quickly 1o the call for rafification
and the delivery of their first national
contributions. New coalitions have also
formed around governmentled carbon pricing
and coal phase-out, but the task is only just
beginning. Success is hoped for but is not

a given.

The context for a pathway forward

Our 2016 publication, A Better Life with a
Healthy Planet, recognised the desire of a
large part of the world's population fo have a
better life — which means that energy demand
will rise in relatively poor countries even as

it may fall in relatively rich ones. Within this
context of a better life for all, we highlighted
the key changes in each main sector of the
economy — induslry, Iransport, buildings, and
power generalion — that were required o
deliver a world of netzero CO; emissions
from energy.

While we know, in general, what key
conditions and energy system changes are
required for nel:zero emissions, it would be
helpful to have a pathway fo achieving that
goal by 2070 - a timeframe compatible with
holding the increase in the global average
temperature fo well below 2°C. Because the
future is unprediclable, especially when it
comes lo complex global societal systems
over an extended period involving technology,
government policy, and consumer behaviour,
the best approach to exploring this pathway is
to use scenarios.

Energy scenarios for the
pathways forward

Scenarios are allernative stories of the
future that help us learn useful lessons
the present. They are nol policy prop
~ they do not argue for what should |
done. Nor are they forecasts — what
done, by society, industry, or anyone
They offer descriptions of what could
~ plausible pathways for the future ar
insights along the way.

For over two decades Shell scenario
has incorporated the issue of climale
with different scenarios showing vary
levels of success in addressing this cri
global issue. But with typical forward
timeframes of 25 years in the 1990s
reaching lo 50 years in the early 201
the full resolution of the climate issue *
complele transformation of the global
energy syslem was never clearly visik

In Sky, the rate of decline in
global emissions after 2035
exceeds the rate of growth
we've seen for this century -
an eye-watering achievement



sformation has always been, and
a journey measured in generalions,
:nding oul o the end of this century.

Shell published its New Lens

s comprising two outlooks named
ns and Oceans. For the first time, the
s featured energy-system modelling

j to 2100, which allowed long-
sitions lo be seen in their entirety.
ploring very different socio-political
the scenarios show that persistent
aspread application of COargeted
imeworks, including large-scale

j o renewable energy and exlensive
ZS [carbon capture and slorage),
ad 1o nefzero emissions in the energy
{owever, in the two scenarios, that
is achieved around the end of the

century, which means that they fall short of the
temperature goal of the Paris Agreement.

Looking beyond Mountains
and Oceans

Drawing lessons from that previous work
and addilional analyses, we now present

a possible pathway for decarbonising the
global economy with the socielal aim of
achieving netzero emissions from energy use
by 2070 - a scenario called “Sky."

Sky recognises that a simple extension of
current efforts, whether efficiency mandates,
modest carbon laxes, or renewable energy
supporls, is insufficient for the scale of change
required. The relevant iransformations in the
energy and natural systems require concurrent
climate policy action and the deployment of

scing Sky - an ambitious scenario to hold the increase in
»bal average temperature to well below 2°C.

quires a complex combination of mutually reinforcing drivers
rapidly accelerated by society, markets, and governments.

ow to 2070 -

ange in consumer mindset means that people preferentially choose low-carbon,
efficiency oplions to meet their energy service needs.

p-change in the efficiency of energy use leads to gains above historical Irends.

on-pricing mechanisms are adopted by governments globally over the 2020s,
ng to a meaningful cost of CO; embedded within consumer goods and services.

ate of electiification of final energy more than triples, with global electricity generation

ling a level nearly five times foday's level.

renergy sources grow up lo fiftyfold, with primary energy from renewables eclipsing

fuels in the 2050s.

3 10,000 large carbon capture and storage facilities are built, compared 1o fewer than

1 operation in 2020.

tero deforestation is achieved. In addition, an area the size of Brazil being reforested
s Ihe possibility of limiting warming to 1.5°C, the ultimate ambition of the Paris Agreement.
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ICENARIOS COMPARED ~ GLOBAL AVERAGE SURFACE TEMPERATURE RISE
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he MIT Joint Program on the Science and Policy of Global Change modelled the climale impacls
in comparison with those of Mountains and Oceans. All series are five-year moving averages.

CMIT

» new lechnologies at mass scale
wernmenl policy environments that
ncenlivise investiment and innovation.
e factor will suffice to achieve the

. Instead, Sky relies on a complex
lion of mutually reinforcing drivers
sidly accelerated by society, markets,
arnments.,

climate challenges arise from the
umulation of greenhouse gases in the
sre, there are an infinite number of
pathways for the annual reduciion of
s over the coming decades that can
1n outcome consistent with the Paris

. Of course, some of these pathways
1 more plausible than others — you
expect that the global economy
omplelely re-wired overnight.

Sky begins with the current structure of
economic seclors and government policies
and the capacity for change that exists

now. It then assumes very aggressive, but
plausible, capacity-building and raicheling

of policy commitments through the first two
five-year review cycles embodied in the

Paris agreement. Beyond that lime-frame,
there are naturally rather grealer uncertainlies
about how policies and technology may be
developed and implemented globally. So, the
scenario progressively becomes driven simply
by the ambitious goal to achieve netzero
emissions by 2070, taking full account of

the characteristics of scale, technological
substitution, and investment in the various
seclors of different national economies.

Such a goaldriven scenario is somelimes
referred o as "normative.”

By adopting an approach grounded in the
current redlity of the energy system but then
combined with a specific longterm goal,
we intend Sky o be both an ambitious
scenario and a realistic lool for practical
considerations today.

Additionally, we are publishing extensive
quantitative dala sefs for the Sky scenario,
so that others can inspect and make more
use of this Tnfé “ation themselves.

-

The Paris Agreement has sent a signal
the world; climate change is a serious
that governments are determined lo ac
By 2070, there is the potential for a v
different energy system lo emerge. It ©
system that brings modern energy fo a
world without delivering a climate lege
sociely cannol readily adapt to. That i
essence of the Sky scenario.

a link o quantitative data sefs
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:nge: Energy demand is rising

enables the whole economy to function. It is needed and used

here — in homes, factories, shops, schools, personal transport, freight,
>n, water systems, agriculiure, and construction. I is a vital hidden

snt in manufaciuring and delivering almost all the products and services

1 society fakes for granted.

the course of the 20th century,

rergy demand increased ten-fold
ation more than tripled, economic
ind development surged, extended
secame commonplace, and a wide
new energy services appeared, from
ion at the beginning of the century
slated services at its end. But in the
f the UN Sustainable Development
averal billion people are still pursving
life through much-needed access to

clean waler, sanitation, nulrition, health care,
and education. Energy is a key enabler for
these basic needs.

On a per capita annual basis, the range

of primary energy use today is from 20
gigajoules (GJ) in a country such as Kenya,
to about 300 GJ in the US. The global
average currently stands at nearly 80 GJ but
is expecled lo rise as near universal access
to modem energy services is achieved during
this century.

) ENERGY DEMAND RISES WITH POPULATION AND DEVELOPMENT

1990

(o3

Tolal Primary Energy
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: Shell analysis, [EA, UN

New energy services will fealure in the

21st century as well, from extensive use of
artificial environments in which people live
and work in comfort fo trillions of connected
devices within the "internet of things.” As an
early example, the connections people make
through international ravel have already
doubled in the first two decades of this
cenlury (measured in terms of internalional
air trave! arrivals). Population growth, much-
needed development, new energy services,
and the extended use of existing services will
all contribute to energy demand growth.

Challenge: Efficiency can have
unexpected consequences

Without limiting the availability of ener
services, energy demand growth can
polentially be slowed thiough rapid
improvement in the efficiency of such
While this will inevitably happen it car
be a double-edged sword. On the on
hand, increased efficiency has been ¢
the economic growth engines of the 2
cenlury, with the manufacturing cost ar
energy consumption of appliances suc
air conditioners falling consistently ove
decades. Bul on the other hand, these
costs have also led fo increasing uptal
by consumers.

In 2016, vehicle ownershi
North America and Euroj
varied from 500 to 800 ¢
1000 people. China was
per 1000 people, with In
42 per 1000, and inevita
set fo grow.



iple, the most recent energy service
ige efficiency gains is lighting, with
idly replacing incandescent, halogen
escent bulbs. But there is now clear
+ of growth in lighting services as a
en in cities where lighling saturation
wmed fo have been reached.

1g is being transformed with LEDs,

i

rom street displays o giant billboards.

1ge: Coal remains popular

1e rise of CO; in the atmosphere will
1oving away from fossil fuels to other
of energy as well as utilising CCS.
energy sources will be challenged

d fast enough to meet both rapid
growth and the need to back out

g emilling sources quickly encugh.
d high demand growth can

upward pressure on energy

thich, in tum, could encourage
draction of codl, oil, and gas,
ourage the fransformation or

tion of existing infrastucture.

Although the world is beginning to act,
substanlive progress towards the Paris goal
will be challenging, partly because of coal.
As renewables and natural gas increasingly
dominate the energy sector in developed
countries, bringing down emissions, coal
use is increasing in some economies as
new generalion capacity is required for
development. Vietnam is one such economy,
with several large coalfired power slations
under construction in 2018,

A stark reality of the early 21st century is the
lack of a clear development pathway for
an emerging economy that doesn't include
coal. Coal is a relatively easy resource 1o
tap into and make use of. It requires little
technology 1o get going but offers a greal
deal, including electricity, heating, industry,

COAL ELECTRICITY GENERATION CAPACITY

2000

Easl South  Conada SE
Asia Asia /US Asia

MW Operating m Construction

MNonEU  Africa  Eurasia  latin -~ Ausl

Euiope  and America  al
Middle East New Z
i1 Pre-construction On hold

Note: Coal remains popular. New projects oulside China could potentially exceed these under consir

in the counlry.

Source: Global Coal Plant Tracker, January 2017, endcoal.org

and, very importantly, smeliing to make iron.
Although solar PV and wind offer clean,
distibuted electricity, benefiting households,
electricity alone is currently insufficient for
rapid urbanisation and industrialisation,
including the construction of cities and the
manufacture of products such as automobiles
and appliances.

Challenge: Some parts of the
energy system are “stubborn”

Not all economies will reach netzero
emissions atf the same time. The EU or North
America may need lo consider this as an
objective for the 2050s, in part lo balance
countries that arrive at this point much later in
the century. As a progressive country within
a progressive region, Sweden has already
set its eyes on 204.5. But netzero emissions
in almost any induslrial economy in the

2( ;s atough ask. The apparent lack of
low=carbon solutions for aviation, shipping,
cement manufaclure, some chemicals

processes, smelling, glass manufacture
others means that significant sectors of
indusirial economy won't Irend rapidly
zero emissions. Even the power seclor
still need support from conventional the
generation in 2050,

Challenge: Some technologies
are “stalled”

Some promising lechnologies are curr
stalled, with hydrogen, perhaps, being
notable example. Coming info this cer
was seen as the future fuel in road trans|
hydrogen has now been eclipsed by b
eleciric vehicle developmenls. More rec
hydrogen has been proposed as a pc
solution for industrial processes requirir
intense heat, the melallurgical sector (v
coal is the siaple), home heating, and
transporl, where battery storage is sev
limited owing 1o weight.



sector where progress has been

an originally anficipated is biofuels
3y, which has the potential to
sssential, high-energy density, low-
>otprint fuels for certain transport

ons. Biofuel production could also be
:d as a roule fo negative emissions,

n the US today, where CCS has
ached to a bic-ethanol plant.

1ige: Systems transformations
predictable and take time

varming in line with the Paris

:nt means achieving netzero

s by 2070, just over 50 years

/. In energy fransition terms, a

is the blink of an eye, and a century
sically see just a handful of major
ations, although nol all follow

| pathways.

As the 201h century arrived, an electric car
was the preferred choice on American roads,
but by 1920 the world was in the middle of
the Ford Madel T combustion engine era.
Four billion cars later, the essential technology
remains largely the same, yet with electric
mobility emerging again.

Even electricity itself, which continues to
transform our world, has not been a fast-paced
energy technology. The first electricity grid
appeared in New York in Seplember 1882,
over 135 years ago. Alhough the technology
has spread globally and appears ubiquilous,
it makes up less than 20% of final energy

use loday; so, 80% of the energy we use
now isn'l electricity but fossil and bioenergy
hydrocarbons. Over the course of the last few
decades, electrification of final energy has
moved relatively slowly, af around 2%-poinls

per decade - for example, it was about 17%
in 2005 and 19% in 2015.

By the 1960s a nuclear power revolution
seemed possible, but it had stalled completely
by the 1990s. Similarly, in the 1960s, solar
PV began fo appear in highly specialist
applications, but it has taken 50 years fo
pass 1% of global electricity production.

The photovoltaic (PV) effect was
discovered in 1839, then eventually
deployed on satellites as solar PV
from 1962. Four decades later, only
two GW of capuacity existed globally,
but in the following fifteen years
capacity increased two-hundred fold.

One reason syslems transformations take fime
is that the success of one transformation —
from horses to the international combustion
engine, for example — can impede the
progress of the nexl. A legacy of successful
development is the potential for lockin of the
resource on which the current system was
built. This potential for lockin stems from the
resisiance 1o stranding the original capital
invesiments and losing the jobs that have
been created.

f\
\

Challenge: Given the time frai
2070, there can be no slippag

Achieving nel-zero emissions in just 50
leaves no margin for interruption, stalle
lechnologies, delayed deployment, pc
indecision, or national backtracking.
it requires a rapid acceleration in all @
of an energy iransifion and particularly
policy frameworks that target emission
Success can be accomplished only thi
broad process that is embraced by so
led by governments, and lightly coord
by organisations including the UNFCC
EU, ASEAN, and others.
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riginal New Lens Scenarios, we explored two possible ways the 21s!
could unfold, taking several pressing global frends and issues and using
; "lenses” through which to view the world.

ns and Oceans provided a delailed progressive elements of both Mountains and
of current socio-political irends and Oceans. This collaborative approach has been
sible trajectories into the future, with seen in previous reatlife incamnations, such as
ns more governmentled with a lop- in the Montreal Protocol on ozone-depleling
sproach and Oceans more botlom-up substances, but true longerm infernational
arket-driven outcome. cooperation and a willingness to combine

national selFinterest with the differing interests of
other nations has generally eluded sociely as a
lasting Irend. Nevertheless, the Paris Agreement
is built on such a model, albeit with a sfrong
element of peer review and challenge.

scenario brings further fo the surface
3ing possibility of better multiateral
iion 1o lackle climate and airquality
this regard, il combines the mos!

ICENARIOS COMPARED ~ WORLD ENERGY-RELATED CO, EMISSIONS

50
10
0 A

20

2000 2025 2050 2075 2100

e Sky ~ Mountains = Oceans

Shell analysis

leadership to creale a shared vision was an
essential element of the Paris Agreemenl, as
demonstrated through bilateral agreements
between several heads of govemment in the
two years before the final negotiation. But so,
loo, was listening and responding fo those
mos! at risk from climate change, such as the
Alliance of Small lsland States {AOSIS) with

its deep concems in relation fo sea level rise.
Responding to these concerns, a “high ambition
coalilion” emerged in Paris and was responsible
for the incorporation of a streich goal within the
Paris Agreement to limit warming o 1.5°C.

These developments introduce the nofir
framework for resolution of global issur
which various scenarios could be posi
That framework is not solely depender
trends such as technological change,
features at an accelerated or even bre
pace in almost any 21st century sfory,

is born out of long-lerm selfinterest anc
way sociely listens and reacts to the is
the day.

PRIMARY ENERGY BY SOURCE IN THE THREE SCENARIOS

1400
1200
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g 800 ™ I I
[
o == —
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200 =
= BT
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. MTN OCN Sky MTN OCN Sky MTN OCN Sky MTN OCN Sky
m Oil M Biofuels m Nalural gas M Biomass
m Codl Nuclear ® Solar ®m Wind

® Other renewables  MTN = Mountains OCN = Oceans

Source: Shell analysis
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Strength of leadership

_
<2°C

Mechanisms to share common interests

2°C >2°C
A

Oceans

ires both leadership and emerging

s from all sectors of society. The issue

= change is a global commons problem
a solution that deals with the complexity
e public and privale inferesls.

magines a world where influence sireiches
vide, power is devolved, competing

are accommodated, and commerce is king.
ip is not strong, but an evolving recognition
on interests is a fealure of commerce.

= potential is unleashed with technology
ant and efficiency improvements driven
ymmercial engine.

15t, Mountains is a world with status

rer locked in and held tightly by those
nfluential. Stability is highly prized, and
arful align interests 1o unlock resources
and cautiously, not solely dictated by

te markel forces. Economic growth is

at moderaled, but centralised authority

» prospect of city transformation, a

1in modes of transporl, and widespread
2S5 ~ fealures that are important for limiting
missions.

. _‘\“
/

MOUNTAINS, OCEANS AND SKY:
HOW DO THEY DIFFER IN APPROACH?

The modelling-and-development of the Sky scenario differs from the methoc
applied in earlier Shell scenario work, such as for Mountains and Oceant
It also differs from the approach taken by most energy organisations that he

developed 2°C scenarios.

Mountains and Oceans both slarted life
through a series of workshops that sought

to identify key socielal trends that had the
potential 1o shape the landscape of the 21s!
century. From that work, narrative storylines
emerged that formed the basis of the two
scenarios. These sforylines were then tested by
energy modelling fo fully explore the impact
of the trends in each scenario on the energy
syslem. That modelling included feedback and
checks, such that a plausible and consistent
scenario emerged where the narrative and

the energy numbers stood solidly together.

The scenarios were open-ended and not goal-
seeking, so oulcomes such as warming of the
climate system emerged from the realpolitik of
the scenarios and the energy choices made
as a result.

In contrast, a narrow 2°C scenario establishes
that level of warming as a given target from
the outset, irrespective of the prevailing
political and social conditions at any point in
time. An energy pathway and storyline then

develop as the outcome, both of whic
need to challenge plausibility to meel
set on warming. This approach to sce
building is known as "normative.”

As noted in the introduction, Sky takes
hybrid approach aimed at being help
those in society making decisions todc
From 2018 1o around 2030, there is ¢
recognition that the potential for dramc
shorterm change in the energy systerr
is limited, given the installed base of
capilal across the economy and avail
lechnologies, even as aggressive new
are infroduced. But the period is also «
to include significant capacity-building
technology cost reductions, following 1
five-year nationally determined contrib
(NDC) cycles of the Paris Agreement,
that after 2030, deployment can proc
an accelerated pace 1o ensure a resul
below 2°C.







gins with the actions taken in the first decade of the Paris Agreement.
ments respond positively to the rapid cycle of assessment, review, and
sment of national conlributions, as set up under the Paris Agreement.

the 2023 slocklake, there is wide resubmission of national contributions,
> notable change by China to a falling emissions pledge. In Sky, by the
tocktake, all contributions have been radically improved, with India now
ng an emissions plateau in the 2030s.

e 2020s in Sky, emissions reduction Success: Energy for all

is relatively slow while capacity .

ut beginning in 2030, the speed In Sk)’:.'hteObOl populohgr? grows from
rmation accelerates rapidly as key 7.5 billion in 2017 1o 10 billion by 2070,
ility challenges of the 21st century after which it stabilises. Energy demand also
be mel. rises throughout the century, with a near

plateau from 2080. Importantly, per capita

R LIFE FOR ALL
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oday, a befter life for all can be achieved for an average of 100 G per capita.
the cenlury, efficiency gains mean that a better life can be achieved at sfill lower figures.

Shell analysis, IEA (historical dala)

usage remains relatively low in Sky because
of unprecedented efficiency gains for energy
services — an approximate fripling in efficiency
is seen over the course of the century. As a
result, per capila primary energy demand
converges near 100 GJ per year - far below
the numbers seen today in industrialised
economies but nevertheless a level that
provides the broad range of energy services
required for o betler life. As a relerence,

a modern energy-efficient refrigerator wil
consume just over one GJ per year.

With the global population at 10 billion
latte in the cenlury and per capila energy
use rising, the energy system in Sky is
approximately double its 2010 size.

Success: Dealing with coal

At COP23 in 2017, 25 couniries and
formed the Powering Past Coal Allianc
pledging fo phase out existing traditior
power in their jurisdictions. In the nexi
years, in Sky, a significant number of ¢
counlries join the Alliance with the rest
coal for power generation diminishes in
of the world. In Vietnam and even in Inc
coal for power construction ends before
By the 2030s, additional solar and wir
all incremental electricity demand.

China's push lo accelerate the phase-o
coal in Sky means global peak coal d
is now behind us, with rapid decline al
alihough coal remains important in sor

In Sky, absolute CO, emissions peak
before 2040 in India, by then the most
populated country on earth.



OAL USE IS BEHIND US IN SKY, WITH TOTAL CONSUMPTION FALLING RAPIDLY

THE EARLY 2030s ONWARDS
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Shell analysis, IEA {historical data)

. and melallurgical coal continues as a

put for smelting. By 2070, coal’s share
primary energy falls to around 6%,

m 25% in 2020.

is Transformation of stubborn
illed technologies

t decade following the Paris

nt, energy system COz emissions are
scked in by existing technologies,
ock, and socielal resistance 1o

But by 2030 in Sky, the system is
triggered in the 2020s by significan!
s in energy lechnologies and scale

aclure leading to price falls for

rs and businesses. This is facilitated
ed government infervention in

and development and the important

nmercialisation phase, with major

battery sforage technology, CCS,

anced biofuels.

Success: Governments step up the pace

In Sky, governments around the world
implement legislative frameworks o

drive efficiency and rapidly reduce CO;
emissions, both through forcing out older
energy technologies and through promoting
competition to deploy new technologies as
they reach cost effectiveness.

For example, at the national and submational
level, governments speed up the energy fransition
by adapling power markets to new renewable
technologies and putting a meaningful

price or consiraint on carbon emissions from
conventional thermal generation. legislation

in many jurisdictions forces grids towards

100% renewable energy by the 2040s.

Appliances, commercial and residential
buildings, and personal transport are all
largeted with aggressive efficiency or emission
standards. The crealion of low-emission zones

BATTERY COSTS FALL RAPIDLY IN SKY, IN PART DUE TO GOVERNMENT FUNDING
OF NEW TECHNOLOGIES

400
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100

Battery costs, US$ / kwh

0
2015 2020 2025 Z

Source: Shell analysis, Bloomberg New Energy Finance {historical data)

by city authorities forces older vehicles off the committed 1o expand their use of these
road, and in many cities electric vehicles mechanisms. During the same year, C
become the natural replacement due o their announced the launch of its nationwid
convenience and the wide availability of emissions trading system, starfing with
recharging points. Scrappage incentives speed power seclor. And by the beginning ¢
up the replacement of out-dated, less efficient 2018, Califoria, Quebec, and Onlar

were operaling under linked emissions

equipment in homes and offices. But the
frading systems.

most significant emissions-argeted aclion
taken by governmens around the world is the
adoption of effective implicit or explicit carbon-
pricing mechanisms.

Since Paris, governmentled carbon-pricing
approaches have been gaining traction.
Al the 2017 OnePlanet Summit, several
countries and states within the Americas

In Sky, solar PV maintains strong average growth
rates of 20% per year, exceeding 6500 GW installed
capacity by 2035, This will cover an area of 100,000 km?,
equivalent fo an area the size of South Korea. From then
on fo 2070, nearly 1000 GW will have to be added
every year, when solar PV's global footprint approaches
the area of Spain.



NMENTS RAPIDLY ADOPT CARBON-PRICING MECHANISMS THROUGHOUT THE
) IN THE 2020s; COMPLETE HARMONISATION IS ACHIEVED BY 2070

50
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2: Shell analysis

overnmentled carbon pricing

as a suile of taxes, levies, and
iechanisms. Surprisingly quickly, a
understanding is reached between
ents as to the appropriate level of
of emissions.

Vin Sky, governmentled carbon

+ firmly established throughout the

nd China, wilh Russia and India

he second wave of entranis to carbon
Global implementation of carbon

y governmenls is complete by the

Os, with all systems then achieving

e limit to deter emissions.

arbon pricing has two other

1 consequences. First it speeds
Joption of CCS for large emitters
ving the deployment of netnegative
gies like bioenergy with CCS.

Second, carbon pricing encourages emissions
reduction across the whole economy, especially
through improving energy efficiency, thus
generaling significant shifls in consumer and
producer behaviour,

Success: New energy systems emerge

Onshore and offshore hydrogen electrolysis
systerns also begin to emerge around the
world in Sky. Inifially, they make use of the
growing oftpeak surplus of electricity from
renewable sources, but later become fully
infegrated base-load systems. As a result,
after 2040, hydrogen emerges as a material
energy carrier, steadily growing o account for
10% of global final energy consumption by
the end of century.

As oil and gas use falls over fime in Sky,
redundant facilities are repurposed for
hydrogen gas storage and Iransport. Indeed,
the growing ING supply in ' =2arly decades

IN SKY, HYDROGEN EMERGES AS A MATERIAL ENERGY CARRIER AFTER 2040,
PRIMARILY FOR INDUSTRY AND TRANSPORT
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Hydrogen grows as an energy
carrier from 2040 in Sky, with
800 million tonnes per year
global capacity by 2070 - more
than double the current global
IPGn et




ntury has enabled hydrogen 1o gain
d and develop scale. An immense

of electiicily networks and hydrogen
ensures secure and affordable

+ and hydrogen supply, which

s switching across sectors, particularly

art and industry.

Jgh avialion and shipping continue
1 crude ol for the first decades of
synthesised from biomass begins
1ore and more of the market share.
mes that this is in the form of liquid
given its greatest flexibility, but if
arsion o methane proves the more
I, then this equally could be in the

form of compressed or liquefied bio-gas for
ship, rail, and road uses. In the latter slages
of the Iransition, hydrogen emerges as a new
energy carrier, particularly for aviation.

Success: Paris works

In Sky, the Paris Agreement succeeds, driven
by government implementation of targeted
energy policy at every level in parallel with
aggressive aclion across the global economy,
including the energy sector.

These and similar actions multiply rapidly.
Al first, government leadership is responsible
for the speed of change, but increasingly,

T-ZERO EMISSIONS WORLD IN 2070, SOLAR, BIOENERGY, AND WIND DOMINATE
'ABLES SUPPLY WHILST OIL REMAINS THE LARGEST FOSSIL ENERGY SOURCE
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peer pressure provides the push in response to
the transparency framework embedded in the
Paris Agreement. New technologies become
increasingly cost-competitive by themselves

as mass deployment increases. The five-year
ratchet mechanism works in the Sky scenario.

Not all countries have reached netzero
emissions by 2070. But beginning in 2020,
progressive countries follow Sweden's earlier
legal commitment to reach netzero emissions
by 2045. Along with Brazil and other

big economies, most European counlries
reach netzero by 2060, with some seeing
continued falls such that their economy-wide

emissions become negative — in other
drawing down CO; from the atmosph
This is achieved by combining the use
biomass for energy with CCS. These ¢
are then able 1o offer negative emissic
iransfers to those counfries still in positi
territory, thereby achieving the global

called for under the Paris Agreement.

WORLD TOTAL FINAL ENERGY CONSUMPTION BY SECTOR IN SKY

Source: Shell analysis
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the route fo netzero emissions in 2070 involves change at every level of
nomy and energy system, from urban configuration to consumer demand
gy to the breakihroughs in technology required to deliver viable and cost
> allematives fo fossil fuels. And in the world of Sky, transformation of the
system fo produce fewer greenhouse gases is maiched by transformations
sectors that produce the remaining one-hird of greenhouse gas emissions.

ne mosi important energy system
Sky is electrification — the increasing
1ent of fossil fuels (such as natural
ooking and gasoline for mobility
icity.

sssful transport revolution

), the foundation has been created
Slutionary transformation of the
system. The global Clean Energy
al, which emerged in 2009 after
snhagen Climale Conference to
je the transition o a global clean

energy economy, had already adopted an
Eleciric Vehicle Initiative as one of ils early
aclions, with the targel of 20 million electric
vehicles deployed globally by 2020 and

30% new vehicle sales by 2030. And the UK

had pledged to phase out the sale of internal
combustion engine passenger cars by 2040.

In Sky, this transformation occurs more rapidly
than many expect; as early as 2030, more
than half of global car sales are electiic,
extending to all passenger cars by 2050.
One reason is that in some prosperous

large cities, workers enjoy the freedom and

™7

4}

In Sky, passenger eleciric
vehicles reach cost parity
with combustion engine cars
by 2025. By 2035, 100% of
new car sales are electric in
the EU, US, and China, with
other countries and regions
close behind.

THE FUEL MIX FOR PASSENGER VEHICLES SHIFTS RAPIDLY IN SKY, WITH ELECTRICIT
DOMINATING BY 2070 AND LIQUID FUELS NEARLY HALVING FROM 2020 TO 2050
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convenience that the fleets of autonomous
electric vehicles provide. Another reason for
the rapid increase of electric vehicles has

io do wilh the exciting new oplions being
offered. For example, in Sky, a standardised
chassis design emerges in combination

with battery or fuel-cell (FCEV) architecture,
being shipped in almost flatpack form to
local design companies for bespoke body
fabrication using 3D printing techniques.
And a specialised CarOS (Operating System)
evolves, including battery management and
autonomous operation, supplied as a single
universal inferface box.

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2I(

W Gaseous hydrocarbon fuels

Hydrogen

In this way, electric vehicle penetratior
accelerates on the back of a new

manufacturing approach and custome
proposition that offers complete custon
a welcome reward for the loss of diffe
engine performance. The change is a
profound as the arrival of the assembl

Across all forms of transport, biofuels
a critical role in the energy Iransition ir
Sky. With continued reliance on liquid
as the high energy density fuel of choi
but set agains! the need fo reduce CC
emissions, biofuel use expands rapidly
While first generation fuels such as sug
cane ethanol continue fo mid-century



ICED BIOFUELS GROW RAPIDLY IN SKY, MEETING AN ONGOING NEED FOR

HYDROCARBON FUEL.
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s 2100, bioluels production has reached some 30 million barrels of oil equivalent per day.

Shell analysis

1g, the impetus comes from new
pathways that produce droprin

1t fuels for aviation, road freight, and
These fuels can be derived from a

1ge of biofeedslocks, reducing the

:ncy on food crops.

ie passenger vehicle transformation is
omplete by 2070. Lliquid hydrocarbon
umption almost halves between

id 2050 and falls by 90% by 2070

estic refrigerator efficiency
led since 1970. To offer a

fe for all but also manage
demand, Sky matches these
15 across the economy.

in the sector. And even though road freight
holds on o diesel into the 2050s, because

of the need for a high-energy-density fuel, ihis
seclor also experiences ils own transformation,
split along biodiesel, hydrogen, and
electrificalion lines.

The built environment

Changes in the buili environment, covering
both homes and commercial properiies,
evolve over decades, but the foundations are
eslablished in the 2020s. During this period,
governments implement radical changes in
building codes, set high efficiency standards
for appliances, establish new infrastructure
for district and regional heating needs, and
establish practices that encourage attractive
compact urban development.

The efficiency drive is so effective that final
energy demand for residential services,
which include heating, cooking, lighting,
and appliance use, remains steady at
around 90 E] for all the century, even as
most of the growing global population gain
access fo these amenilies.

Electiification of the building slock proceeds
rapidly, wilh local use of natural gas declining
progressively from 2030. By 2070 in Norlh
America and much of Europe, natural gas is no

longer used for residential heating and cooking.

Industrial transformation

The shift in industry required for netzero
emissions follows a more incremental

path, largely driven by the progressive
implementation of government carbon-pricing
syslems and the raicheting up of the resultant
price that occurs as governments respond o
the Paris Agreement. The Iransformation is
profound and follows three distinct routes:

u Efficiency improves conlinuously, with
most industrial processes approaching
thermodynamic and mechanical efficiency
limits by the 2050s.

u Some processes shift towards electricily,
particularly for light industry, where
electricity use doubles from 2020 o 2040.
Hydrogen also emerges as an important
fuel for light industry by 2050 as natural
gas use declines. But a similar change
for heavy industry doesn't emerge unfil
after 2050, with hydrogen, biomass, and
electricity subsfituting for natural gas and
some coal use.

In Sky, nuclear power
grows steadily, with
1,400 GW of capacity
by 2070, up from 450
GW in 2020.

u Coal remains important in the metal
seclor and some other processes ric
through the century, but with govern
implemented carbon prices rising, C
emerges as the solution.

Induslry also benefils from an increase
on the circular economy, which sees I
scale recycling expand throughout the
to the extent thal some resource extrac
declines as a result.

An eleciric world

As electricity makes ils way rapidly int
transportation, home heating and coo
and industrial processes, its role in the
system grows. By the 2070s, eleclricit
exceeds 50% of end-use energy const
compared with less than 20% in the 2

With renewables penetration increasir
issues associated with renewable inler
and grid infrasiiuciure receive policy ¢
Utility-scale and distributed electricity t
increasingly compele head-o-head wi .
conventional thermal generation, leadi
electricity prices in some markels o fa
the variable cost of less efficient coal «
plants, thus hastening their decommiss




[RICITY IN THE 21st CENTURY

lobal electricily demand sfands
22,000 terrawatt hours (TVWh)

In Sky it rises to around100,000
- year during the second half of

ry, or the addition of about 1,400
generation per year from now on.
rence, when complete, the 3.3
kley Point nuclear power sfation
nstructed in the UK will add about
, 50 this pace of development is
2t fo some 50 giant power stations
each year, or one additional such
ar week. Global generation from
{ solar was around 1,300 TWh in
ith about 200 TWh added from

2015 1o 2016 against tolal added electricity
generation of some 600 TWh. So, new

solar and wind are not yet close to meefing
additional generation demand. Although both
are rising quickly, thermal power stations will
continue fo be needed to at least mid-century.
This also means that emissions from electricity
generation globally will only fall in the medium
term to the extent that natural gas and nuclear
can displace coal.
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", BY MID-CENTURY FOSSIL ENERGY FINALLY RELINQUISHES ITS MAJORITY SHARE
GLOBAL ENERGY SYSTEM
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', PEAK COAL DEMAND IS ALREADY BEHIND US, PEAK OIL DEMAND FOLLOWS [N
20s, AND AFTER A PLATEAU, GAS DEMAND FALLS RAPIDLY FROM 2040
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In Sky, electricity reliability issues are largely
managed through a combination of improved
market design (for example, capacity
markels), grid integration (for example, cross:
border integration in Europe), demand-side
management (for example, smart grids), and
deployment of cost-effective heat, batlery, and
hydrogen slorage. Falling capital cosis ensure
that the renewables build-out is affordable,
being well within historical spending on the
new energy system as a share of global GDP.

By the 2070s, the power generation

sector has progressed through two radical
transformations. The first is one of scale, with
electricity approaching a fivefold increase
over 2017 levels. The composition of sources
has also changed, wilh fossil fuels effeciively
absent from the sector and solar meeling

over half of global electricity needs in 2070
and sfill increasing. A new addition fo the
sector is generation from biomass combustion,
which is linked with CCS to offer an important
carben sink.

A new energy system

In Sky, the first clear signs of the fransition
emerge in the 2020s, with oil demand
slagnating, coal declining, natural gas
growing as it replaces coal, and solar closing
in on nuclear as the largest non-ossil part of
the energy system.

By 2070, oil production remains at so
50-60 million barrels per day due 1o
the broad swathe of services that it sl
supplies. Non-road fransport continues
make significant use of liquid hydrocar
fuels, with overall growth through to 2
Biofuels supplement the liquid fuel mix.
with hydrogen playing an increasing
after 2050.

Natural gas, both as pipeline gas and
plays an important early role in supplar
coal in power generation and backing

- renewable energy intermitiency as winc

solar grow in the power sector. Bul as .
PV expands rapidly, as battery costs fa
as the high cost of carbon emissions bi
even nalural gas succumbs to the Iransi
Itis the last fossil fuel to peak, with den
falling rapidly after 2040. By 2055, nc
qas use for power generation is back #
levels globally.

By the middle of the century the energ
is starfing to look very different, with s¢
emerging as the dominant primary enc
supply source by around 2055.

Energy syslem CO; emissions peak in
mid-2020s at around 35 gigatonnes |
after which a continuous decline sefs i

Global natural gas ¢
reaches a plateau by
in Sky at 4,600 bill
cubic metres per yec
(bema) - up from 3,;
bema in 2017,



jreenhouse gases and
ergy sectors

es al netzero CO; emissions for the
aergy system by 2070, alihough with
distribution among different seclors
Wiries. That covers all the carbon

4 within the codl, oil, and gas used
ty, but excludes feedstock for non-
roducls, such as plastics.

wous olher human aclivities have
the trace gas composifion

nosphere, which have also

2d o warming the climate system.

manufaclure is one example, where

1ation of limestone releases COa.

wuliural system has added to the

in the atmosphere due primarily to
vestock and rice growing. land-use
yver the course of several cenluries,
Jeforestation and agricultural

tion of soil, has also lowered the
arrying capacily of the land-based

biosphere, which, in turn, has added to
almospheric CO;.

In the modern era, all these activities have
accelerated, and new long-lived trace gases
have appeared, some with extraordinary
warming potentials. Sulphur hexafluoride,
common in gasinsulated transformers, is one
example, with @ warming potential 24,000
limes that of COs.

In the Sky scenario, significant changes

are made in all the greenhouse-gas
producing sectors. While all the items in the
accompanying table represent best practice
currently in some locations, the Sky pathway
dictates universal uptake by about 2030,
but with some recognised slippage in the
least developed economies. For shortived
gases such as methane, the requirement is
significantly reduced emissions, rather than
netzero, as these gases break down in the
almosphere over a few years.

NERGY SYSTEM GREENHOUSE GASES ALSO DECLINE SHARPLY IN SKY
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Hydroflurocarbons M Sulphur hexafluoricla,

Although the emphasis in Sky has been on energy system CO; emissions, a view on all a:
greenhouse gas emissions is needed to complele the scenario and understand the potentic
surface temperaiure. That view has been developed based on full implementation of all th

in the table.

GAS

Carbon
dioxide

Methane

Nitrous
oxide

Fluorinated
gases

SECTOR

Cement

Industrial
(process emissions)

Agriculture

Urbanisation and
development

Coal mining

Oil and gas
industry

Catile farming

Rice growing

Urbanisation and
development

Agriculture

Industrial
processes

Various

) [e;g., T industry,

rigeration,

"ransformers)

ACTION REQUIRED BY SKY

m Progressive subslitution away from cement in buildir

u Some subsitution away from limesione as a feedsic
e.g., using fly-ash

m Using carbon caplure and storage (CCS)

m Using CCS

u Eliminating deforestation for land gain

m Implementing soil carbon programmes,
e.g., norill farming, land-use rotation

m Creating green cities through exiensive tree planting

u Maintaining green belts within and around cities

u Avoiding city spread through higher density living

m Addressing traditional biomass usage through mod
access to energy programmes

m Reducing coal consumption

a Implementing best practice for methane drainage
and use in coal mines {e.g., UNECE Guidance)

u Managing abandoned mines
m Reducing il and gas consumption

u Ol and gas industry leaders implemenling best-pra
from the 2020s, and all world production meeting
best-practice by 2050

m Offering aliemnative products to consumers
u Changing cattle diets to minimise methane
u Reducing forced flooding in rice paddies
u Capluring methane from landfill

u Implementing nitrogen fertiliser management, i.e.,
application rate, formulation (fertiliser type], fiming
of application, placement

u Implementing catalytic decomposition and thermal
destruction techniques

u Progressive substitution oway from PFC, HFC, and -
m Using best practice management '

m Inlroducing recovery programmes for relied equipmen |
le.q., refrigerators, transformers) s ‘



IS UNPRECEDENTED

2030

ricity consumption
D00 TWh/year,
close to 50%

o

decade

Accelerated investment in
low-carbon energy quadruples
solar PV and wind capacity to
5,000 GW fotal

Global cumulative!
storage of CO2

passes the one Gf

milestone

hins developed in
s fargeting net-zero

First few countries
to reach net-zero
emissions

All regions meet
nel-zero emissions

Solar PV passes
oil as the largest
energy source

_ad

First intercontinental

hydrogen flight 2050

India leads the
world in solar PV

¥

Maiority of trucks powered
by electricity or hydrogen

Biofuels overtake
oil as the biggest
component of
liquid fuels

850,000
10 MW

turbines

India and China each
reach one Gt CO2
per year stored

et L R L R L T N R R

CO:2 storagaureaches
12 Gt pér year

by:2050

et deforestation
comes to an end




. For most of the global

t individually by collecling

- commencing. Candles for

handler, who used various
lighting was supplied

by town gos, kerosene lamps, and for a rapidly increasing number of people, eleclricity.

\While there remain a disturbing number of people with lile to no energy access loday, much
of the global population make regular use of pefroleum products, natural gas, and eleclricity.
But what could that look like in the latter part of this century as we reach for nelzero emissions?
In Sky, an electricity-based energy sysiem supplants the largely fossil fuelbased system of today.

SKY IN 2070 — AN ELECTRICITY-BASED ENERGY SYSTEM
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1ing emissions

fossil fuel use declines sharply after 2030 — but it cannot be eliminated
clors fo the extent that warming is limiled to well below 2°C. Even with a
suite of technologies available and a 50-year timeframe for deployment,
echnologies and energy services can be swapped out for non-emitting
ives at the necessary pace. Indeed, in so-called “hardHo-abate” sectors,
1 dliematives have yet to be developed, and innovation rather than

mnent is still the current order of the day.

REMOVING CARBON THROUGH USE

Carbon caplure and use (CCU) operates addressed in Sky. Synthetic fuels are
very differently from CCS (permanent a sink in themselves, since once they
geological storage). There are examples of made and used, the COy is refurnec

[ T : _ e . ; ; caplure and use in praciice today, such as the atmosphere.
HE ENERGY SYSTEM CO;, EMISSIONS IN SKY TRANSFORM TO NET-ZERO BY 2070 thepcotwersion of C?)z lo certcinychemiccls m CCU could be applied o the manu
. (for example, urea, the basis for fertilisers) of certain goods — for example, buil
& 126 and the production of plastics such as materials or plastics. But to act as a
12 polycarbonates. These processes all require miligation mechanism akin to CCS,
CO; as a feedstock, but are not necessarily must lead to more-orless permanent
10 designed 1o store it permanently. If the carbon siorage. The total stock of the produ
is returned 1o the almosphere, such as through be maintained for a very long time |
8 8 the degradation or incineration of the product a century or more) for CCU to appr
5 0.1 - that is made, then the net impact of the CCS equivalence. In Sky, fossil fuel
g process may be zero in terms of atmospheric bio-feedstocks are used to make suc
4 30 CO;, levels. products, acling as an effective cart
2 1.4 In a future energy system, there are two ways This situation means that assigning a n
. 03 in which CCU could become effeclive: value to CCU plays a aitical role. Doi
m CCU might be focused on manufacturing for CCS is a relatively simple task — e
=/ synihetic hydrocarbon fuels, which could lonne stored can be counted as perm¢
displace the need for fossil hydrocarbons. mitigation and will contribute fo the ov
4 However, the synthelic fuels industry would lask of reaching netzero emissions. Th
% need subsiantial technological innovafion cannot be said for CCU. While carbe
Industry  Buildings Road  MNontoad MNonenergy Electicily — Biomass Other G,nd_Ihen would ne‘?d to scale Ve : be e”_]bedded |n.ureo 4l po|ycc|rbonc:
Wansport fransporl  use cind bikuals significantly before it could have a material there is no established protocol to defi
produciion impact, so this route is unlikely fo be a as permanent mitigation. Work remair

2017 | 2070 ' | significant contributor over the timescale done in this field.

Other” represents olher ener%y-sedor aclivilies, such as the tiansport and refining of fossil energy,
sed heat generation, and in the future, hydrogen production.

: Shell analysis




every facet of the current energy
as either changed or is in transition
remaining fossil fuel use leads to
s of some 15 Gt CO;, per year,

lo 11 Gt by 2100. This is about one
>day. For this reason, emission sinks
oving CO; from the atmosphere)
1 most long-term, low-emission energy
5, including Sky.

Agreement recognises this realily
salls for a balance belween

s by sources and removals by sinks of
Jse gases. Imporiantly, the Agreement
25 that even after significant mitigation
ough substitution, greenhouse gas

s will continue, meaning that sinks will
tial af some level.

ing mechanisms in the
' system

ie energy sector, Sky utilises three
sms that either prevent the release of
emove CO; from the almosphere.
he mechanisms handle one frillion
- CO; over the course of the cenlury.

In Sky, changes in land-use
and an end to deforestation
are critical to the overall
outcome. But large-scale
reforestation can be a game
changer, with the potential
to push even further to

the ambitious 1.5°C goal of
the Paris Agreement.

.

1. Conventional CCS applied in large point-
source emilting facilifies such as cement
plants or iron ore smeliers. The CO,
is geologically slored, typically two
to three kilometres below the surface.
CCS technology is applied at scale in
several faciliies around the world today.

2. Conventional CCS applied in power
planis operating with a sustainably
produced biomass feedstock. In totality,
this mechanism results in net removal of
CO; from the atmosphere.

3. The production of various products, such
as plastics, from fossil fuels or a biomass
feedstock. These materials are then used
by society and can deliver effective
slorage of carbon rather than releasing
it to the aimosphere as CO,. When the
carbon is derived from biomass, this
mechanism also resulls in net removal of
CO; from the atmosphere.

The issue of greenhouse gas emissions
extends beyond energy use, and there is

also interplay between the energy sysiem
and natural systems, for example, when using
bioenergy. Sky recognises this and the scope
that exists for actions in one system 1o help the
other and vice versa.

Nature-based solutions:
Reforestation, restoration,
and avoided deforestation

land-use change throughout the world

over the last century (but extending back
hundreds of years) has contributed fo the rise
in atmospheric CO; and continues fo do so.
The Global Carbon Project has estimated that
land-use changes have resulted in five Gt CO;
per year being emitied for each of the last
20 years. If these changes can be stopped,
many degraded ecosystems can be restored.
The Nature Conservancy has estimated that
around 500 Gt CO; in total can be drawn
down from the almosphere at costs today
below US$100/tonne CO; and sustainably
stored by improved soils and extended

forest cover.

The fourth mechanism infroduced into the
scenario is one that is widely understood and
much used today — reforeslation, restoration of
degraded land, and avoided deforestation.
Without tackling these areas alongside the
energy system, overall nelzero emissions
cannot be achieved. Sky assumes significant
land-related actions to bring the land-use and
agriculiural systems back into balance and
ensure that by 2070 net deforestation has
reached zero.

Further, very large-scale reforestation could
accompany this, offering the opportunity
lo remove additional carbon from the
atmosphere and thereby approaching the
stretch goal of the Paris Agreement — fo
limit the rise of the global average surface
temperalure fo just 1.5°C.

The scale of change required in the land-use
sector will require action by governments,
both domestically and through international
cooperalive mechanisms, such as those
included within the Paris Agreement.

The design, implementation, and use «
these mechanisms can tigger privale
involvement, which in turn could accel
the necessary activities.

Early action is important in this area gi
the decadal process of resloration anc
reforestation. Therefore, in Sky, these r
focused praclices play an important rc
alongside the transformation of energy
across the economy. Indeed, in the cc
decades, some of the initial impetus fc
developments can come through indus
support and ulilisation of certified activ
and traded certificales to compensate
hard-o-mitigate energy-related emissio
CORSIA [Carbon Offselting and Redu
Scheme for International Aviation), the
agreed by the aviation industry in 201
counter the rising emissions in that sec
a good example — nature-based soluli
feature within their proposed offset cal
Over lime, however, in Sky, syslems st
CORSIA shift towards one of the three
caplure calegories above for offset pu

By 2070 the goal of netzero emission
achieved within the energy system, an
interplay beltween energy and nalural
continues. As illustrated, the energy sy:
balance is reached through combining
use and geological CO; slorage with
feedslocks to balance remaining fossil
emissions still going to the atmosphere

Through a broader swathe of actions «
all sectors, including steps taken to bri
deforestation o zero and fo begin the
of land restoration, the overall Paris Ac
goal of balancing remaining anthropo
greenhouse gas emissions with sinks ir
second half of the century is achieved



JRE-BASED SOLUTIONS: EXTENDING AMBITION
)UGH RESTORATION OF NATURE

3 case for Sky assumes that CO;

s from land-use change fall to zero by
line with the energy sysfem reaching

smissions at the same fime. But the

n of ecosystems, including large-scale

ion, can play a criical additional
ducing a net draw-down of CO,
atmosphere and therefore offering a
to the ambitious 1.5°C outcome.

sarriers can be overcome, such as
ct on agricullural communities, these
1sed solutions {NBS) can help to

k warming because scale-up can
Jerably fasler than fransformation of
schnologies.

from institutions such as MIT, the
1s Cenler at Woods Hole, and

sre Conservancy has indicated
dditional drawdown beyond

JANG AMBITION IN SKY

20

1.5

2000 2010 2020 2030 2040
m— History s Sky

= Sky without NBS
Shell analysis, MIT

e Sky + Resloration NBS

Sky of 10 Gt CO;, per year is feasible through
reforestation, although the scale of the task is
very large. Some 700 million heclares of land
would be required over the century, an area
approaching that of Brazil,

We have run two sensitivities on the Sky
scenario, in consultation with The Nature
Conservancy (TNC) and MIT. The first
sensitivity involves accelerated avoidance of
deforestation and the introduction of a similar
scale of restoration. We have called this
“Sky + Restoration NBS". This adds five Gt
CO; per year drawdown to Sky. The second
sensilivily, “Sky + Exira NBS', is required lo
limit warming fo 1.5°C and assumes many
cost and social barriers can be overcome
more successfully so that an additional
drawdown rate of 10 Gt CO; per year

(i.e., 15 Gt per year in total) can be reached.

2050 2060 2070 2080 2090 2100

s Sky + Extra NBS




VOLVING ENERGY SYSIEM CO, BALANCE SHEET IN SKY
2l production aCCS b Biofuel production m Bioenergy with CCS J Carbon in products S Growir\nuss

)20 Bioenergy production and use

Net emissions Photosynthesis
35.2 Gt

(all emissions
are Gt of CO;)

Materials

37.8 Gt

Fossil fuels
10st carbon in fossil energy production is bumed and emitted to the almosphere,

+ CO; absorbed by wood and other plants used for energy is also refurned to
sphere.

)50 Emissions from biofuel use

11.8 Gt

Net emissions

Photosynthesis

28.6 Gt

Geologicallstorage of CO3

Fossilifuels

12050, the slorage of CO; is rapidly scaling up. There are equal contributions from

sdddad carhan in materiale nindiction and CCS Fasel enery CCS lends tha v

Emissions from biofuel use
16.1 Gt

Photosynthesis

13.7 Gt

Fossil fuels Geological storage of CO;

In Sky, at 2100, the bicenergy syslem has reached its resource base limit and is twice the
size of the fossil energy system in CO; terms. The active management of CO, means that
the folal energy system is providing a drawdown of CO; from the almosphere.

2070

Emissions from biofuel use

15.1 Gt

Photosynthesis

16.5 Gt

fossil fuels: Geological storage of CO;

Notet'lhe numbers doinoliaddiupiexaclly in 2070 owing|io raunding upiof data;

In Sky, in 2070, the energy system has achieved netzero emissions. Fossil energy production
lese than half tndmds level - Alanaside direct CCS and the nse nf carhan far matarials the rer
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beyond 2070, carbon capture levels off at around 12 Gt per year,
il fuel use confinues to decline. This takes the overall energy system into

e emission territory, which draws down on accumulated carbon within the

xre. As a result, warming peaks during the 2070s and levels out through

ance of the century.

. warming of the climate system
varound 1.75°C according fo
lent expert analysis of the energy-
missions trajectory described by
ddition, a meaningful legacy
amoval indusiry offers the 22nd-
ociely the opportunity for further
astoration.

n lo the aclions covering the energy
ullined in Sky, significant reforestation
'd resforation of natural ecosystems,
~etlands, offer the possibility of
sarming to 1.5°C, the ulimate

of the Paris Agreement.

Of course, the big challenge is whelher there
is the political will and, underlying this, the
societal will fo put in place and maintain the
frameworks that are necessary to address
this awe-inspiring task — re-wiring the whole
global economy in just the next 50 years.

The Sky scenario outlines what we believe
to be a technologically, industrially, and
economically possible route forward.

This should give us all some hope - and
perhaps some inspiration. In more practical
terms, perhaps this analysis can provide
useful pointers to areas where focused
attention could produce the best results.

The future depends on
what we do in the present.

Mahatma Gandhi
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GLOSSARY

Energy Units

bema
cl

t
kVWh

TWh
GW

Gt

Other Terms
BECCS

GCS

ccy

EV

FCEV
PG
NBS

NDC

NZE

primary energy

final energy

solar PV

billion cubic metre per year

gigajoule (107 joule). The joule, J, is a unil of energy; 4.2 | are needed
to heat one gram of water by 1°C.

exajoule (10 joule)

kilowatthour {There are 3600 | per Wh. The unit Wh is commonly usec
electricity generation, and J for energy more broadly.

terawali-hour (102 watthour, or one trillion watthours|. A one GW pows
slation operating for 300 days per year will produce about seven TWh.

gigawalt (10° watt, one billion watls). A one GW power station is the Iy
size for a modem coal, gas, or nuclear installation.

gigatonne {107 tonne]

bioenergy with carbon capiure and storage
carbon capture and storage
carbon capture and use

electric vehicle, defined as either a battery electric vehicle or a plugin h
electric vehicle

fuel-cell electric vehicle
liquefied petroleum gas

nature-based solutions: the use of avoided deforestation, reforestation, ai
other restoration of natural ecosystems

nationally delermined contribution; the aclions countries take fo reduce
greenhouse gas emissions under the Paris Agreement

nelzero emissions, i.e., a balance between anthropogenic emissions by
and removals by sinks of greenhouse gases

the supply of energy sources including oil, natural gas, coal, bioenergy,
energy, and renewables. Primary eneigy is energy drawn from nature, ir
first usable form.

the demand for energy carriers, such as elecrricity or liquid fuels, by final

consumers, such as industry, households and transport, for all their energy 1
When natural gas is used for home heating, it is counted as final energy; »
is used to generate electricity in a power station it is counled as primary i

solar photovoliaic panels used for electricity generation



L DISCLAIMER

lel conlains data friom Shell's new Sky
Unlike Shell's previously published

s and Oceans exploratory scenarios, the
aio is largeted Ihiough the assumption
ty reaches the Paris Agreement’s goal

I global average temperatures to well

Z. Unlike Shell's Mountains and Oceans
which unfolded in an open-ended

d upon plausible assumptions and

tions, the Sky Scenario was specifically
lo reach the Paris Agreement's goal in a

¢ possible manner. These scenarios are @
ongoing process used in Shell for over
to challenge execulives’ perspectives

wre business environment. They are

lo sirelch management o consider

s thal may only be remotely possible.

, therelore, are nol inlended to be

5 of likely future evenls or outcomes and

hould nol rely on them when making an

t decision with regard to Royal Duich Shell
ies,

lly, it is important to note thal

sting portfolic has been decades in

enl. While we believe our portfolio is
ider a wide range of oullooks, including
+50 scenario (World Energy Qullook
includes assels across a spectrum of
ensilies including some wilth above-
ntensity. While we seek o enhance our
5 average energy infensity through both
spment of new projects and divestments,
10 immediate plans lo move fo a nelzero
porlfolic aver our investment horizon of
ars. Although, we have no immediale
1ove to a nelzero emissions portfolio, in
1 of 2017, we announced our ambition 1o
1 net carbon foolprint in accordance with
mplementation of the Paris Agreement's
lding global average temperature

low 2°C above pre-industiial levels,

Jly, assuming sociely aligns itself with the
:ement’s goals, we aim to reduce our net
otprint, which includes not only our direct
it carbon emissions, associated with

I thesenergy products which we sell, but
ustomers’ emissions from their use of the
odudts that we sell, by 20% in 2035 and
12050.

The companies in which Royal Dutch Shell plc
directly and indirectly owns invesiments are
separale legal enlities. In this booklet “Shell’, "Shell
group” and "Royal Dulch Shell” are sometimes used
for convenience where references are made to
Royal Dulch Shell ple and its subsidiaries in general.
Likewise, the words "we", “us" and “our” are also
used to refer 1o subsidiaries in general o lo those
who wark for them. These expressions are also used
where no useful purpose is served by identifying the
particular company or companies. “Subsidiaries”.
"Shell subsidiaries” and "Shell companies” as used
in this booklel refer lo companies over which Royal
Duich Shell plc either directly or indirectly has
control. Entities and unincorporated arrangements
over which Shell has joint control are generally
referred lo as “joint venlures” and “joint operations”
respectively. Entities over which Shell has significant
influence but neither control nor joint control are
referied lo as “associales”. The term “Shell inlerest”
is used for convenience to indicate the direct and/
or indirect ownership interes! held by Shell in
venture, parinership ar company, after exclusion of
all third-party interest.

This booklet contains forward-ooking statements
conceming the financial condition, resulls of
operalions and businesses of Royal Duich Shell.
All statements other than statements of historical
fact are, or may be desmed 1o be, forward-
looking statements. Forward-looking slatements
are slalemenls of future expectations thal are
based on management's current expeciations and
assumptions and invelve known and unknown risks
and uncerlainties that could cause actual results,
performance or events to differ materially from
those expressed or implied in these statemens.
Forward-looking stalements include, among other
things, statements concerning the polential exposure
of Royal Duich Shell to market risks and siatements
expressing management's expeclations, beliefs,
eslimates, forecasls, projections and assumplions.
These forward-looking slatements are identified by
their use of terms and phrases such as “anticipate”,
"believe”, “could”, “estimate”, "expect”, “goals”,
“inlend”, "may", “objeclives”, “oullock”, “plan”,
"probably”, “project”, “risks”, “schedule”, “seek”,
"should", “larget”, “will" and si lerms and
phrases. There are a number of .. ..ors thal could
affect the fulure operalions of Royal Dulch Shell

and could cause those results 1o differ materially
from those expressed in the forward-looking
slatements included in this web page, including
{without limilaticn): (a) price fuctuations in crude
oil and natural gas; (b) changes in demand

for Shell's products; (c) currency fluctuations;

(d) drilling and production resulis; (e) reserves
estimales; (f) loss of market share and industry
compelition; (g) environmental and physical

risks; (h) risks associaled with the identification

of suilable potential acquisilion properties and
targets, and successful negoliation and completion
of such Iransactions; (i) the risk of doing business
in developing counlries and counlries subject o
international sanctions; (j) legislative, fiscal and
regulatory developments including regulatory
measures addressing climate change; (k) economic
and financial market conditions in various countries
and regions; (I} polilical risks, including the risks

of exproprialion and renegetialion of the terms

of conlracls with govemmental enlities, delays or
advancements in the approval of projecls and
delays in the reimbursement for shared cosls; and
[m] changes in frading conditions. No assurance is
provided that fulure dividend payments will match
or exceed previous dividend payments. All forward-
looking statements contained in this booklet are
expressly qualified in their entirely by the caulionary
statements conlained or referred fo in this section.
Readers should not place undue reliance on
forwardHooking statements. Additional risk factors
that may affect future results are contained in

Royal Dutch Shell's Form 20-F for the year ended
December 31, 2017 (available af www.shell.com/
investor and www.sec.gov). These risk faclors also
expressly qualify all forward-locking statements
contained in this booklet and should be considered
by the reader. Each forward-ooking slalement
speaks only as of the dale of this booklet [26 March,
2018]. Neither Royal Dutch Shell plc nor any of ils
subsidiaries undertake any obligation o publicly
updale or revise any forward-ooking slatement as
a result of new information, fulure events or olher
information. In light of these risks, results could differ
malerially from those stated, implied or inferred
from the forwardHooking statements contained in
this web page.

We may have used certain lerms, such as
resources, in this booklet that United Slates
Securities and Exchange Commission (SEC
prohibits us from including in our filings will
SEC. U.S. inveslors are urged to consider ¢
the disclosure in our Form 20-F, File No 1+
available on the SEC websile www.sec.ge
You can also obiain this form from the SEC
calling 1-800-SEC-0330.
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