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Executive Summary
Future Frontiers
Atmospheric carbon continues to rise, as we emit more
greenhouse gases each year. Even the lockdowns of 2020 only
resulted in around a 7% temporary annual drop. We have already
experienced 1.2oC warming since pre-industrial times, and the
impacts of this are worsening. As governments, companies and
investors around the world begin to target net-zero emissions, we
look across sectors and ask a question: How can the deep,
economy-wide transition necessary for this level of
decarbonisation be achieved?
Going beyond the first steps
of decarbonisation

Two years ago, we looked at how the focus so far has been on replacing fossil fuels in power
generation. As we argued then and now, the transport sector follows - the second major step is
to replace the internal combustion engine. In this new report, we go much further, and look at
future frontiers for decarbonisation, moving beyond power and cars to consider other clean
transport modes, greener buildings and low-carbon industry.

-81%
Emissions reduction vs BAU in our Future
Frontiers scenario

Aggregating sectoral
decarbonisation pathways

We begin with a discussion of emissions in the context of net-zero targets, and we look at how
major economies are positioning to deliver on their ambition, as well as what future catalysts
may drive decarbonisation. Four subsequent sections then describe how we project radical
pathways for decarbonisation across these four major emitting sectors: power, transport,
buildings and industry. We aggregate these four pathways to create our Future Frontiers
Scenario.
Overall, these decarbonisation pathways across sectors reduce total emissions by 81%
by 2050, vs a business-as-usual outlook

On the wrong pathway…

Currently, we are not on track to meet the maximum warming targets of the Paris Agreement.
The pathway we explore in this report is extremely challenging – it exhausts a lot of the
technological options currently available, in some areas requires further innovation and to
compound this, there remain many policy gaps to stimulate the scale-up we need for removing
emissions fast across a number of sectors. Additionally, some materials may prove to be scarce
until adequate reserves or alternatives are found.
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…but there is progress

Investors are playing a key
role…

Yet we believe that catalysts continue to stack up. For every disappointment in the rate of
energy transition, other areas bring surprises on the upside. Now we need major economies to
show energy transition leadership, and all countries need to increase their ambition and deliver
on their plans.
We see investors all around the world who are seeking to ensure that they are aligning the
funds they manage with a low-carbon energy transition. And they fully understand that the
transition goes well beyond the cleantech sectors they may have traditionally invested in,
focussed on renewable power technologies in particular. So we believe that this report can help
investors to shape their portfolio decarbonisation strategies, by focussing on the major sectors
which will be the priority for reducing greenhouse gas emissions, via energy consumption and
other industrial processes. Responsible investment frameworks can play a crucial role in driving
companies to deploy resources towards lower carbon solutions - for their own long-term
viability.



Current levels of climate ambition are very far from putting
us on a pathway that will meet our Paris Agreement goals
Patricia Espinosa, Executive Secretary of UN Climate Change, March 2021

…and it’s not too late

2050 is only a generation away, not long in terms of human history to accomplish such a radical
transformation as we need to protect our world, its human populations and all the systems we
depend upon from dangerous, runaway climate change. But in terms of politics, policy,
technological advances and economics, 29 years is a long time. There are many, many things
that we can achieve and change in that time. It is still possible to keep global warming to within
less dangerous boundaries, but we need to act now and act radically to achieve this.

We acknowledge the contribution of Abhishek Kumar and Anushua Chowdhury, climate change
analysts, Bangalore, in the preparation of this report
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Future Frontiers: The pathway to net-zero in 2050
Our Future Frontiers Scenario shows how it is possible to close the gap between where we are headed and

net-zero emissions by 81% by 2050
GtCO2e

Reduction in emissions vs 2019 levels

90

Rising emissions under UNEP
Current Policy Scenario

- 23 GtCO2e

Clean power: - 100%

-12 GtCO2e

Cleaner transport: - 81%

- 5 GtCO2e

Green buildings: - 88%

60

- 23 GtCO2e

Low -carbon industry: - 80%

30

Falling emissions under HSBC
Future Frontiers Scenario
0
2019 2023 2027 2031 2035 2039 2043 2047 2050

• Our scenario sees 63 GtCO2e removal from across energy
consuming sectors and industrial processes.
• Stabilisation of emissions from land use, forestry and
agriculture results in a further 7 GtCO2e cut vs BAU.
• Sectors including w aste generation and management, w ater
utilities, agriculture and forestry will also require material
decarbonisation to close the remaining 16 GtCO2e gap
tow ards net zero.

Clean power generation

Cleaner transport

 Coal and natural gas phased out by 2035 in
developed markets, and mostly by 2050 in the
rest of the w orld, with renewables growing
rapidly, along w ith some nuclear, carbon
capture and storage

 Diesel and gasoline make w ay for batteries and
fuel cells in road transport by 2040, w ith global
regulation limiting shipping and aviation
emissions

Green buildings

Low-carbon Industry

 Retrofitting in existing buildings and green new
builds increase energy efficiency, as oil and gas
are replaced by electricity and hydrogen as
energy sources

 A disparate sector requiring diverse solutions,
such as materials efficiency and recycling,
electrification, carbon capture and hydrogen
reduce emissions from metals & mining,
chemicals, cement, oil & gas and F-gases

Source: UNEP, HSBC;
Note: Our Future Frontiers Scenario focuses on energy emissions, as well as emissions from non-energy industrial processes. Significant emitting sectors important to the energy transition which we do not cover
include waste generation and management, water utilities, agriculture and forestry; GtCO 2e refers to gigatonnes of carbon dioxide equivalent; The United Nations Environment Programme’s (UNEP) Current Policy
Scenario is used as business-as-usual emissions, where no further policy measures are taken to limit emissions beyond those already in place; Emissions from agriculture, waste and LUCF are capped at 2019
levels through to 2050 in our Future Frontiers scenario; Emissions reduction from the buildings sector versus 2019 level is shown at 88%, but can be described as a reduction of 96% by including indirect
emissions, via decarbonised power.
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Figure 1: Major steps towards decarbonisation in HSBC’s Future Frontiers Scenario

Clean power generation



Major emitter, over a quarter of total GHGs



Fossil fuels account for 64% of global generation







Cleaner transport



Oil is the key energy feedstock for transport, at 92%
of the total

Deep and rapid transition core to Paris Agreement
goals



HSBC’s Future Frontiers Scenario includes complete
decarbonisation of land-based transport

Future Frontiers Scenario includes zero carbon
generation mix in DM by 2035



Batteries and hydrogen fuel cells essential to the
transition



Shipping to meet IMO targets of 50% emission
reduction from 2008 levels, by 2050.



Emissions from aviation capped at 2019 levels, in line
with CORSIA regulations



Our modelled emissions from transport are cut by
81% vs BAU in 2050

With emissions in emerging, frontier markets and
ROW, capped at 2019 levels through to 2025,
decreasing to zero by 2050



With solar and wind backed by energy storage
solutions dominant drivers



Electricity is a key enabler in reducing fossil fuel
usage in other sectors – so as well as needing to
decarbonise generation, we will need much more of it

Green buildings



Diverse sector requires disparate solutions



Buildings emit directly, via use of fossil fuels for
heating, hot water, cooking, and indirectly through
electricity consumption



Electrification can play major role, replacing fossil
fuels, for instance in mining, recycled steel, and nonferrous metal-making



Buildings also emit indirectly – ‘Scope 2’ – via the
carbon emitted in generating the power they consume



Cutting methane emissions from oil & gas production
and coal mining is also crucial



Via retrofitting the existing stock and construction of
high-spec ‘green’ newbuild, buildings can consume
less fossils and less energy overall



Meanwhile, carbon capture may play a major role if
virgin steel making and cement emissions are to be
materially curbed



Electricity plays a key role in this transition, and
hydrogen gas may also form a future energy
feedstock



Clean hydrogen can also play a role in multiple
industrial sectors



F-gases, used in refrigeration and cooling, are a
growing GHG – the EU is targeting a two-thirds
reduction



Industry-wide 80% reduction in emissions from 2019
levels to be achieved by 2050



Our assumptions lead to 88% lower direct emissions
and, as power is decarbonised, a 96% total emissions
cut in 2050

Source: HSBC
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Future frontiers


The Paris Agreement remains an important catalyst in limiting global
warming – now the world needs action from all economies



Closing the ‘emissions gap’ to ‘net-zero’ requires a deep transition…



…with policy, technology and investment needed across power,
transport, industry and buildings

Emissions are still rising and so is the temperature
It is 29 years since the Rio de Janeiro ‘Earth Summit’ pushed awareness of and focus on
environmental risks towards the spotlight of global attention. From the Earth Summit was born
the United Nations Framework Convention on Climate Change (UNFCCC), enshrined in the
Kyoto Protocol, designed to enable state parties to reduce greenhouse gas emissions (GHGs).
And in 2015, the Paris Agreement was adopted, bringing in a new era of global focus on
addressing climate change risks.
Yet annual emissions are still rising, as Figure 2 makes apparent (with 2020 as an anomaly due
to the collapse in economic activity associated with the COVID-19 pandemic). And moving in
tandem with emissions has been a rise in the temperature, up around 1.2oC since the mid-19th
century. The Figure also shows the rapid rate at which emissions must fall to reach net-zero
emissions by 2050 or 2070. These are the rates broadly aligned by scientists with limiting
warming to 1.5C or 2C, as well as the medium-term 2030 cuts of 25% and 45%, respectively, vs
2010 levels which the UN says are necessary.

Steep declines are required

Millions

Figure 2: As emissions rise, so does the temperature
GtCO2e
60

Emissions will need to come down sharply to meet the
max imum global warming targets of the Paris Agreement
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Source: PRIMAP, UK Met; Note: GHG emissions for 2018 and 2019 are based on CAGR from 2007 to 2010 and 2010 has been estimated based on CO2 emission reduction in
2020 compared to 2019 . In a 2021 report, UN Climate Change put out 2030 target levels of 25% below 2010 for 2°C alignment, and 45% lower for 1.5°C alignment
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As global warming increases, so do the associated impacts. These include Arctic ice melt and
rising sea levels, ocean acidification, disruption to hydrological cycles, desertification, and
higher risks from extreme weather events.
Figure 3: No. of extreme events and the global temperature anomaly (1850-1900)
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Many Parties will make
climate pledges…but these
come in two types

All pledges need to be
stronger to close the
emissions gap

The Paris Agreement remains a key driver of national climate policy agendas
Through 2021, there will likely be a continuous flow of announcements that Parties to the Paris
Agreement are enhancing (i.e. upgrading and making more ambitious) their climate pledges,
either via the model of nationally determined contributions (NDCs, usually set to 2030), or via
long-term mid-century targets (usually by 2050)1. Parties to the Paris Agreement were also
invited to communicate mid-century, long-term low GHG emission development strategies by
2020 but, in total, only around 28 Parties have formally done so.
Do existing pledges close the Emissions Gap? According to the UN Environment
Programme’s (UNEP), the world is “absolutely not” on track for bridging this gap with either
current policies, unconditional or conditional climate pledges.
However, there is potential for this gap to narrow with more ambitious decarbonisation
strategies – across all economies and sectors - as part of the global economic recovery from
COVID-19 as well as mid-century net zero goals, if implemented.

The rise of ‘net zero emissions’
A balance between sources
and sinks of GHG emissions

More Parties are committing
to net zero by mid-century

The concept of ‘net zero’ emissions has, in recent years, taken hold as a driver of strong policy
action on climate change. The UNFCCC has set up a Race to Zero Campaign to mobilise
Parties but also non-state actors (cities, regions, businesses, etc.) to commit to achieving net
zero emissions by mid-century.
A number of parties (Japan, South Korea, China, UK, New Zealand, EU, Canada, Costa Rica)
have publicly announced net zero goals2 with many more considering such a target. At the
Climate Ambition Summit in December 2020, 24 Parties announced plans to target net zero
emissions or achieve carbon neutrality. We highlight some net zero goals:

______________________________________
1 NDCs were supposed to be enhanced in 2020 but the postponement of COP26 and the pandemic meant many Parties
will push their submissions to 2021. Although a number of Parties have committed to enhancing their NDCs, only 17 have
formally submitted to the UNFCCC. In theory, these new NDCs are only supposed to involve “upward revision” i.e. be more
ambitious than previous communications; however, very few have actually increased the magnitude of emissions cuts.
2 this does not equate to a formal submission to the UNFCCC
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Figure 4: Mapping our footprint - global GHG emissions in 2017
Source of emissions

Human activities responsible

Greenhouse gases (GHGs)

Sinks

Electricity final consumption
372 TWh

651 TWh

Residential
5,780 TWh

8,967 TWh

Industry

Transport

Buildings

Commercial
4,675 TWh

Agri/ forestry

1,012
TWh

Other

: 26.2%

: 11.8%

Coal: 30.4%
3.1%
0.1%
2.2%

: 15.9%

18.7%
24% CO2 to land

6.4%
Oil: 24.4%

: 9.5%

: 5.8%

Gas: 14.4%

1.9%
1.6%
0.3%
0.2%

2.1%
0.7%

(CO2): 74.0%

3.9%

: 2.6%

1.7%

2.9%

~50
GTCO2e

4.1%

Nitrous oxide

1.6%
27% N2O to pyrolysis in stratosphere

(N 2O): 6.2%

: 1.4%
: 2.1%

:
3.0%

: 2.8%

41.3%
53% CO2 to atmosphere

0.9%
5% CH4 to land
16.2%
95% CH4 to atmosphere

Methane
(CH 4): 16.8%

: 1.2%
: 2.7%

17.8%
23% CO2 to oceans

7.2%
73% N2O & 100% of F-gases to
atmosphere

: 3.4%
: 2.2%
: 3.4%
Source: HSBC, IEA, EDGAR, Global Carbon Project; values for sinks adjust calc. error; F-gases sources are not shown here but typically include refrigeration, air conditioning, aerosols and high voltage switchgear ; LUCF is Land Use Change and Forestry; data for LUCF values are inherently uncertain and may show
variations based on accounting; Own use & other includes losses and agricultural use of energy; Other agri emissions includes direct emissions and emissions from agri waste burning & other indirect emissions; Other industry includes non-ferrous metal, paper & pulp and mining & quarrying;; Energy and process emissions
from calcination and cement production is nearly 2.5 GtCO 2. production of coke for iron & steel, feedstock for chemicals and petrochemicals, and some parts of oil & gas refining are classified as other industry.
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Will the US sign up to net
zero?



UK: first major economy to legally bind the net zero pledge by 2050. It has since followed
up with a new 2030 target of 68% and detail on how net zero could be achieved.



European Union: aiming for 2050. The target is legally binding.



New Zealand: by 2050 as part of its Climate Change Response (Zero Carbon) Amendment
Act 2019, following declaration of a “climate emergency” in December 2020.



China: aims to attain net zero emissions by 2060. Details are lacking to date, but the main
focus is likely to be moving away from coal-based power generation.



Japan announced a pledge to attain net zero by 2050, without details on how this will be
achieved.



South Korea “will move towards the goal of becoming carbon neutral by 2050”, the
President announced to the National Assembly in October 2020.



Canada indicated a 2050 net zero target in 2019 and formally tabled a bill in November 2020.



Brazil announed an “indicative” net zero goal for 2060 in December 2020 although it came
with financing and carbon offset conditions.



South Africa has approved a low emission development strategy to achieve net zero by 2050



Costa Rica, in 2019, outlined its decarbonisation pathway to achieve net zero emissions
by 2050



Chile published an updated Nationally Determined Contributions (NDC) towads the Paris
Agreement process, to become carbon neutral by 2050

The US is widely expected to commit to a 2050 net zero target under the incoming Biden-Harris
Administration. President Biden campaigned on such a pledge in last year’s election. On the
one hand, delivering a more ambitious climate agenda has become politically more likely since
the Democratic candidates won the two run-off seats in Georgia earlier this year. But, we
believe President Biden’s USD2trn-backed Climate Change Plan, proposed last July, may not
be debated in Congress for some time, given competing fiscal priorities surrounding the COVID19 pandemic.
Meanwhile, corporate ‘net zero’ ambitions are on the rise and in some industries it is becoming
an increasingly important element in the discussion around companies maintaining a licence to
operate. Companies that have committed to net zero included BP plc, Ford Motor Co, Hon Hai
Precision Industry (Foxconn), American Airlines, PGE, CEMEX and Woolworths. In addition,
many pension funds are also seeking to realign their funds with net-zero ambition – a recent
article in the Guardian newspaper states that “pension funds that own assets worth GBP870bn,
including those of the Church of England, Lloyds Banking Group and the National Grid” as well
as “Scottish Widows, Royal London and Next…were among investors that have pledged to
align their portfolios …to 1.5°C3”

______________________________________
3 The Guardian, Major UK pension funds worth nearly £900bn commit to net zero, 10 March 2021
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Figure 5: The world’s top emitters are steadily committing to net zero targets
UK: UK (In 2019, passed net
zero law by 2050)

European Union: (In 2020,
legally binds the net zero law for
the region, also gives details for
various sectors in order to
achieve net zero)

China: (in 2020, no
further details available)
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Source: HSBC, WRI CAIT (GHG emissions (excl. LUCF) in 2016)

Decarbonisation across sectors
Burning fossils for energy is
the main cause of emissions

Emissions come from a wide range of human activities, across the global economy. In 2017,
total GHGs were at around 50 GTCO2e (gigatonnes of carbon dioxide equivalent). Within this
number lie many contributory factors. Figure 6 shows the sources of global GHGs – broadly
speaking, these can be broken down into power, transport, industry, buildings and agriculture.
Around 70% of GHGs come from the burning of fossil fuels for energy – as Figure 4 on page 9
shows. We are focussed on this component in the report, as well as emissions from calcination
in cement making, methane emissions from oil & gas and F-Gases in industry.



One core trend which emerges throughout is the
importance of electrification. This single transition driver
can replace fossil fuels, and thus lower emissions, across
land-based transport modes, in buildings and throughout
multiple industrial activities
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Figure 6: Global GHG emissions per
sector, 2017
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Figure 7: Oil consumption by sector, 2018
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Source: IEA, HSBC Notes: Residential includes consumption by households,
excluding fuels used for transport, and Other includes agriculture, commercial and
public services, non-specified other, pipeline and non-specified transport

There are essentially three fossil fuels – oil, natural gas and coal. These are used in different
forms in a huge range of activities. The breakdown of these uses, grouped into four main areas,
can be seen in Figures 7, 8 and 9. What is obvious is that different fossils are used in different
applications.

Figure 8: Coal consumption by sector,
2018

Figure 9: Natural gas consumption by
sector, 2018

2%
3% 2%

Electricity

Electricity

0%

Industry
Transport
Residential

Non-energy use

Industry
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Transport
64%

Other

Source: IEA, HSBC Notes: Residential includes consumption by households,
excluding fuels used for transport, and Other includes agriculture, commercial and
public services, non-specified other, pipeline and non-specified transport

Different uses for different
fossil fuels

8%
7%
40%

18%

Residential
Non-energy use

Other

5%
22%

Source: IEA, HSBC Notes: Residential includes consumption by households,
excluding fuels used for transport, and Other includes agriculture, commercial and
public services, non-specified other, pipeline and non-specified transport

Coal is used especially in power generation, meaning it is in competition with lower carbon
alternatives in most regions, as well as industrial applications, notably cement and metals.
Meanwhile, oil is to a large extent a transport fuel – subject to disruption from batteries, fuel
cells and other technologies which seek to replace gasoline, diesel, bunkers and kerosene from
different mobility modes. And natural gas has more balanced demand drivers, as well as a lower
carbon footprint per unit energy derived, which supports the view that any peak-and-decline in
demand may come later than coal and oil.
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Figure 10: Global energy-related greenhouse gas emissions by fossil fuel and operator
type (2019)
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Four main sectors for
decarbonisation focus

In this report, we are focussed on how technological innovation and energy efficiency
can reduce or replace use of fossil fuels, and reduce other sources of emissions, across
four major emitting sectors – power generation, transport, buildings and industry.
One core trend which emerges throughout is the importance of electrification. This single
transition driver appears repeatedly as a key pathway in replacing fossil fuels, and thus lowering
emissions, across land-based transport modes, in buildings and throughout multiple industrial
activities.

Natural capital is key in
combatting climate change

Forests and vegetation absorb carbon from the atmosphere. This leads to a lower total
atmospheric level of greenhouse gases. Over the 2010-2016 period, the Amazon alone
effectively sequestered 12-13% of the world’s total annual CO2 emissions from human activity
(according to the World Resources Institute). Indeed, many companies have started to include
forest carbon projects in their decarbonisation plans. Protecting or enhancing forest cover can
also bring substantial benefits to biodiversity and conservation efforts.
Yet we continue to lose forest each year. In 2018, the world lost 3.6m ha of primary rainforest,
equivalent to Belgium in size, and a further 8.4m ha of other tropical forest, as per data from the
World Resources Institute (WRI). A similar level was lost globally in 2019.
Although we do not do detailed modelling in this report around deforestation or
afforestation, or the more technical definition of land use, land-use change and forestry
(LULUCF)4, we assume that the world must now, at the very least in a strong climate
scenario such as Future Frontiers, stabilise its total forest cover. Indeed, nature-based
solutions will be crucial in achieving the goals of the Paris Agreement. Therefore, we assume a
constant level of sequestration of carbon from vegetation.

______________________________________
4 LULUCF is an accounting definition for greenhouse gases (GHG) emissions, recognised within the United Nations

Framework Convention on Climate Change (UNFCCC). It considers carbon captured and stored in plants, dead organic
matter and organic soil matter. Emissions from land-use-change occur when the carbon storage of the land is changed,
including via deforestation / afforestation, draining of wetland and conversion of pasture to arable land. The debate over
whether and how to include LULUCF emissions in decarbonisation strategies continues - many forested nations believe
that they should be included in methodologies. However, others believe that, when assessing progress towards
decarbonisation, the inclusion of LULUCF into country targets can disguise increasing trends of energy and industrial
emissions, and so prefer its omission from totals which count towards decarbonisation
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Broader focus on energy and
industrial emissions

This report is broad and thorough, but not all encompassing. The aim is to demonstrate how
strong ambition, innovation and investment in new technologies can effect a deep
decarbonisation across the global economy and bring us close to the 2050 net-zero GHG
target, which the scientific community says is necessary to give us a strong chance of limiting
global warming to 1.5°C by 2100. As stated earlier in the section, we are focussed on energy
emissions, as well as from calcination in cement making, methane emissions from oil & gas and
F-Gases in industry.
Meanwhile, there are sectors which we have not featured in this analysis but which are
significant emitters, including waste generation and management, water utilities, agriculture (via
fertiliser use, machinery energy consumption, enteric fermentation from livestock and other
functions) and forestry. Together these add up to around 20% of total global greenhouse gas
emissions. In a net-zero world, material transition pathways would be expected from all of these.
So what else can play a material role in driving emissions down?

Future catalysts - policy

A bigger year than usual for
the annual climate
negotiations

COP26
The last climate negotiations, COP25, held in December 2019 left a number of loose ends to be
tied up. COP26, in Glasgow in late 2021, is arguably the most important COP since the Paris
Agreement was adopted in 2015. This is because it is to focus on raising (post-2020) ambition
levels i.e. getting Parties to agree to do a lot more in terms of setting targets and implementing
these targets.
The UK, as host, raised its NDC to a 68% reduction in GHG emissions by 2030 from 1990
levels (without offsets). The EU also raised its NDC from a 40% cut to at least 55% by 2030.
China increased the non-fossil fuel component of its NDC from 20% to 25%. We expect more to
come, yet a February 2021 report from the UN noted that, with the postponement of COP26,
only 75 Parties submitted revised pledges by 31 December 2020. These updated pledges
reduce projected 2030 emissions by a mere 2.8% from previous pledges, and are equivalent to
a 0.5% reduction from 2010 levels. This is compared to the 45% reduction by 2030 that is
scientists believe is required and in line with 1.5°C or net zero.
The UK has outlined five issues that will be a focus of action at COP26. These are: 1.
Adaptation and Resilience 2. Nature or nature-based solutions 3. Energy transition 4. Clean
road transport 5. Climate finance.
In February 2021, the UN released an interim synthesis report on the aggregate effect of
updated climate pledges, submitted by Parties to the Paris Agreement.

Wide-ranging and ambitious,
with climate change at the
core

EU Green deal – leading the way
The European Green Deal, is far reaching, signalling the intention to revise or propose policies
which would impact every part of the economy, with huge implications for how we use energy.
The overall aim is to be the “first climate-neutral continent” by 2050. The Climate Neutrality
embedded this target into legislation. The EU intends to achieve this by reducing fossil fuel
usage, with “removals by natural or other sinks” such as “forests, soils, agricultural lands and
wetlands” as well as carbon removal technologies.
As a mid-way objective, the EU raised its 2030 climate target to a “net” 55% reduction in order
to be more in line with the trajectory required for limiting warming to 1.5°C. Other climate
legislation is being reviewed, with possible new proposals by June 20215. Other key areas of
______________________________________
5
These touch on improving a variety of existing areas such as the effort sharing agreement, energy efficiency, EU
emissions trading system, renewable energy and the CO2 performance standards for cars and vans. The regulation which
covers land use, land use change and forestry (LULUCF) may also be revised.
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the plan will include Energy taxation directives, an industrial strategy, a Circular Economy Action
Plan, a Zero Pollution Action Plan, a Farm to Fork Strategy and a Biodiversity Strategy.
The EU Green Deal was unveiled by the Commission before the COVID-19 pandemic. Although
there has been some delay in the timeline, the EU has been actively seeking to incorporate its
COVID-19 response in Green Deal strategies and funding. We think the Green Deal will still be the
backbone of the EU’s economic recovery, transitioning the energy system and reducing emissions
from energy and more broadly across the European economy and potentially beyond.

From political transition to
energy transition?

What will President Biden do?
A clean sweep in the US elections for President Joe Biden and the Democrats is fuelling
optimism for a policy pivot on climate change in the US. The immediate post-inauguration ESG
focus has been on the Biden administration’s fulfilment of a campaign pledge to immediately
rejoin the Paris Agreement. We think this is an important step with wide-ranging implications for
foreign policy (and potentially trade) as well as accelerating domestic US climate targets and
strategies at the federal and state level.
We think it may be some months before the USD2trn-backed Climate Change Plan, proposed
last July, is debated in the US Congress given the importance of passing a proposed USD1.9trn
stimulus package aimed at alleviating the impact of the pandemic. Nevertheless, we think the
issuance of a suite of energy transition and climate change focussed executive orders marks a
focused start by the new administration, signalling an intention to meet campaign promises
around the environment and societal risks.

Still awaiting a cap from the
world’s largest emitter

China’s opportunity to lead the transition by capping emissions
President Xi Jinping has committed China, the world’s largest emitter, to reach carbon neutrality
by 2060. Although detail was lacking in the recently announced 14th Five-Year Plan, we still
expect China to detail the pathway to this target in coming years. This would likely include more
focus on renewable energy and its integration into the power grid, matched with a phase-out of
coal, all of which can support a cap on emissions. China remains committed to reducing its
carbon intensity, however to put the country in line to target net zero and play a leading role in
achieving Paris Agreement targets, this will need to transition to an absolute reduction target.
We believe China's CO2 emissions from electricity could peak in 2025.
Scope 3 focus
GHGs are categorised in three ‘scopes’, by the most widespread accounting mechanism – the
Greenhouse Gas Protocol. Scope 1 emissions are generated by direct combustion of coal, oil
and gas (as well as fugitive emissions from processes). Scope 2 are indirectly generated,
through the emissions footprint of purchased electricity and heat. Meanwhile Scope 3 emissions
are those caused elsewhere in the value chain, from purchased goods and services (including
physical items, transport and logistics, raw materials and end-of-life disposal).
There is, in our view, an increasing level of focus on Scope 3 emissions amongst companies in
a number of sectors and their investors. We have not attempted to address Scope 3 emissions
in this report – mainly for the reason that this can then involve double counting, as we may
already have captured value chain emissions in our decarbonisation pathway analyses of other
parts of industry, or of transport.
Smart cities are also a driver
The UNFCCC has embraced the actions of ‘non-state actors’ (NSAs) – sub-national entities
including state-legislatures, cities, regions, companies, investors and civil society – as a means
to raise ambition levels for climate action. These efforts continue to aggregate – the NAZCA
(Non-State Actor Zone for Climate Action) portal, launched via the 2014 Lima Paris Action
Agenda, has recorded around 600 US actions at the non-federal level.
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City policymakers can drive
clean and efficient transport,
buildings and power

Not new, but set to grow?

We expect a continued increase in city plans that prioritise meeting local climate ambitions as
cities move towards becoming ‘climate-smart’. Climate-smart cities can reduce their emissions
by decarbonising transport, buildings and power, by increasing efficiency and using lowercarbon technologies. Many cities are indeed showing short-term and long-term ambition.
Carbon offsetting
Carbon offset schemes aim to remove emissions which have essentially already occurred. A carbon
credit is essentially a certificate allocated to a specific activity which is believed to have prevented a
physical greenhouse gas from reaching the atmosphere. This is not a new idea. But we expect it to
grow in adoption - some industries, including aviation and oil & gas, have in recent times expressed
greater intentions to focus on the use of offsets in addressing their emissions footprints.
There are issues to consider with offsetting. Foremost, in our view, is the fact that offsetting can
be perceived to allow continued emission of GHGs, rather than focussing on developing
alternatives to using fossil fuels. Given the uncertainties around offsetting – around the concept
of additionality, the inconsistency in natural sequestration and the imperfect science around this,
the credibility of offsetting schemes and credits generated, and the possibility of double counting
– we believe this can be a distraction in the push for cleantech innovation.

Future catalysts – technology and innovation

Multi-sectoral applications
underlie expectations that
demand for clean hydrogen
will soar

Hydrogen – the Swiss-army knife of the energy transition?
As efforts to cut carbon emissions to counter climate change become more urgent, the part played
by hydrogen in the transition to a low carbon economy looks set to grow significantly. Policy can play
an important role in catalysing this transition. Today hydrogen is mostly used in refining to create
diesel, and in the chemicals industry in making ammonia, most of which in turn goes to fertiliser. As
the Figure below shows, hydrogen has the potential to play a role in replacing fossil fuels across a
large number of activities in transport, buildings, industry and power. We explore these throughout
this note. And as the cleaner hydrogen production methods grow in scale and decline in cost, we see
greater whole system solutions in the pipeline.
Figure 11: Hydrogen is seen as a potential replacement for fossil fuel energy in a wide
variety of economic activities
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Using less energy can be as
important to emissions as
switching to alternatives to
fossils, especially in the
shorter term

An important technology
which has long promised, will
it now deliver?

High-tech localised industrial
production

Technology changing the
way we work …and play

…and drive

Energy efficiency
In relation to buildings, energy efficiency plays a central role in transitioning to lower-carbon,
particularly while fossils are still being phased out, but also because less power consumption
from more-efficienct buildings will have an emissions impact for as long as power generation is
using unabated fossil fuels. In transport, we are focussed on the roll-out of batteries and fuel
cells, and potentially ammonia in shipping and sustainable fuels in aviation – as alternatives to
oil derivatives. In reality, greater efficiency requirements may play an important role in reducing
emissions while the world still makes vehicles with internal combustion engines. In industry, we
talk in several sections about greater efficiency. Meanwhile, some sectors will strive to become
more energy efficient, as we are already seeing from several Information and communcations
technology (ICT) companies.
Carbon capture & sequestration
This remains an emissions reduction technology that features in many of the individual industry
roadmaps to decarbonise – particularly so-called ‘hard to abate sectors’. The degree to which it
will be deployed is a widely debated point and it is also not a substitute for deep structural
emissions reductions. Its use is likely to be a function of cost, applicability to a given activity and
policy direction. We have assumed some deployment across power generation and industry,
but not debated the likelihood of its roll-out.
Technological transition – what lies ahead…
3D printing - Today, 3D printers or additive manufacturing (AM) exist for a number of fields, in
various stages of technological progress and application. The process “prints” layer by layer
from a 3D model and can create structures and shapes that are complex to achieve using
traditional “reductive” methods of manufacturing. This high-tech manufacturing method can
reduce emissions through reduced transport requirements, lower energy consumption and
minimisation of materials waste. 3D printing has been back in focus during the pandemic, where
disruption to supply chains has catalysed uptake of AM replacement production in localised
instances6.
Connectivity, remote communications and virtual reality - Greater connectivity through improved
internet services, which can be rolled out through fibre optic cabling and through satellite
technologies, may greatly improve remote working. Furthermore, advances in
telecommunications and in virtual reality may advance the experience of working from home or
from distant locations. This will have implications for how and where power is consumed, but
also for how we travel. There may in turn also be changing motivations for recreational and
experiential decisions.
Autonomous vehicles - Greater deployment of autonomous transport may mean that greater
convenience and, via absence of a wage-earning driver, lower costs lead to a change in
demand for traditional transport modes, in particular private cars, as well as buses and trains.
This will have implications for energy demand. Reductions in the ownership of private cars may
mean lower volume of cars made which can in turn reduce industrial emissions from this
sector7.

______________________________________
6
In Italy during the height of the first wave of the pandemic, a local company 3D printed components for ventilators for
EUR1 each, when the global supply chain was disrupted, helping to save lives.
7 Within an American city like New York, it could reduce the volume of cars by 76% - therefore reducing fuel use, emissions
and improving quality of life for citizens in urban areas. "On-demand high-capacity ride-sharing via dynamic trip-vehicle
assignment", Javier Alonso-More, Daniela Rus et al, National Academy of Sciences of the United States, November 2016.
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Closing the gap


Our Future Frontiers scenario brings together four decarbonisation
pathways – power, transport, buildings, industry



Overall, this gives us a GTCO2e reduction in GHGs and closes the
emissions gap to net zero in 2050 by 81% vs BAU



We believe this helps to demonstrate how companies and investors
can focus their ambition as net-zero momentum grows globally

Future frontiers: Building blocks towards net-zero emissions
As governments and jurisdictions around the world target net-zero greenhouse gas
emissions, we seek to answer a question: How can the deep, economy-wide transition
necessary for this level of decarbonisation be achieved?
We show pathways which, even allowing for economic and demographic growth, can achieve
radical decarbonisation over the next three decades:

Rapid transition

Clean power generation
For the world to achieve the ambitious maximum-warming targets of the Paris Agreement, we
believe the power sector must be rapidly decarbonised, as technological alternatives to fossil
fuels are, broadly speaking, more advanced than in other major emitting sectors. It is also a
crucial enabler of decarbonisation elsewhere in the economy.
In developed markets, we model for a linear decarbonisation through to zero emissions by
2035. For emerging, frontier markets and ROW, we assume that the transition picks up pace
now, with emissions capped at 2019 levels through to 2025, and then decreasing through to
zero by 2050. This slower pace is designed to reflect the challenges of meeting the scale of
transition costs necessary, and the fact that many larger economies in these categories remain
very dependent on fossil fuels for power generation.
Overall, these decarbonisation pathways reduce sectoral emissions by 100% by 2050.



We believe the power sector must be rapidly decarbonised,
as technological alternatives to fossil fuels are more
advanced than in other major emitting sectors

The decline of oil

Transport transition
 We believe there is potential for land-based transport (cars, vans, bikes, trucks, buses
and rail) to be completely decarbonised, with diesel and gasoline use in internal combustion
engines replaced with batteries and hydrogen fuel cells.
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We also assume that the shipping industry meets the target set by the International
Maritime Organisation with emissions reduced by half of 2008 levels by 2050.



In addition, we assume that global aviation meets the International Civil Aviation
Organisation’s CORSIA regulations, capping global emissions at 2019 levels into
perpetuity.

Overall, these decarbonisation pathways across transport reduces sectoral emissions by
81% by 2050.



Decarbonisation across transport subsectors greatly
reduces use of oil derivatives – diesel, gasoline, kerosene
and bunker fuel

Cleaning the built
environment

Green buildings
We believe this is a sector with substantial technological potential for reducing emissions,
despite considerable logistical hurdles. This will be achieved through retrofitting the global
building stock, and over time replacing buildings with highly efficient newbuild. Additionally, as
fossil fuels are replaced by electricity in buildings and possibly by hydrogen, and the energy
source for heating, hot water and cooking, and power generation itself becomes cleaner, this
contributes to the overall reduction in emissions from this sector.
Through efficiency measures and transition in technology usage, we reduce direct
emissions (i.e. from burning fossil fuels in buildings) from the sector by 88%, in our
Future Frontiers scenario. Overall, via retrofitting existing buildings and constructing green
new buildings, consuming increasingly clean electricity (and possibly hydrogen) as their main
energy source, we reduce sectoral emissions by 96% by 2050.



Buildings are a sector with substantial decarbonisation
potential, despite logistical hurdles

Diverse sector, disparate
solutions
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Low-carbon industry
In this complex sector, coal, oil and gas are used for energy and as input agents in a range of
processes:


Mining: by combining greatly reduced emissions intensity of mining with a substantial cut in
methane emissions associated with lower thermal coal demand as power decarbonises,
leads us to use a figure of a 96% emissions reduction.



Iron & steel production: Replacing coking coal in ferrous metal-making with hydrogen,
matched with deployment of CCS, and electric ARC technologies for recycled scrap. We
use an 85% decline in sectoral emissions.



Non-ferrous metal-making: Totalling potential emissions reductions is complex. However,
we believe the combination of greater electrification, efficiency measures and recycling can
make a material impact here – we model for a two-thirds decline in sectoral emissions from
non-ferrous metals by 2050.
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Oil & Gas: Decline in oil and gas consumption, as buildings, transport, industry and power
generation phase out in favour of non-fossil alternatives, drives down production volumes
and, with these, also emissions from the sector. In addition, we model for a 45% decline in
emissions intensity by 2030, consistent with IEA projection for ambitious efforts from the
sector, stretching to 55% by 2050. The combination of these absolute and relative factors
means we model emissions from the oil & gas sector to fall by 93%.



Cement: we model for a two-thirds decrease in the emissions of cement production, with
coking coal replaced with hydrogen, and carbon capture applied to calcination and process
emissions.



Chemicals: We model for a 57% reduction in emissions from the chemicals sector by 2050.
This will come through subsectors including plastics (via materials efficiency, recycling and
bioplastics) and ammonia (via blue and green manufacturing processes) where we have
seen more decarbonisation focus to date.



F-Gases: we input EU regulations during the 2020s which require a reduction in F-Gases of
two thirds of 2014 levels by 2030 – then assume the rest of the world follows this lead and
achieves the same reduction – i.e. two-thirds of 2014 levels -over 2030-2040, remaining at
this reduction level through to 2050.



Other industrial activities: For paper and pulp production, some chemicals and food &
beverages, subsectors which are material emitters in aggregation, but where we have not
done detailed analysis, we assume that materials efficiency gains, energy efficiency and
switching from fossils to other sources of energy including electricity, lead to a 50%
reduction in emissions.

Overall, we reduce industrial emissions by 80%.



There is no silver bullet to decarbonising industry, but
fossil fuel use and other emission sources can be targeted
through better technology take-up, electrification,
hydrogen use and other pathways

Land, forests and naturebased solutions

Although we do not do detailed modelling in this report around deforestation or
afforestation, or the more technical definition of land use, land-use change and forestry
(LULUCF), we assume that the world must now, at the very least in a strong climate
scenario such as Future Frontiers, stabilise its total forest cover. Indeed, nature-based
solutions will be crucial in achieving the goals of the Paris Agreement. Therefore, we assume a
constant level of sequestration of carbon from vegetation.

Major contribution towards mid-century decarbonisation
The combination of decarbonisation activities detailed above can, over the course of
2021-2050, reduce emissions substantially. So – in our Future Frontiers Scenario - we
calculate that the emissions gap between the United Nations Environment Programme’s
Current Policy Scenario (i.e. Business-as-usual emissions) and the net-zero level which
scientists say is necessary by 2050, can be closed by 81% as a result, as seen in the
Figure on the next page.
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-81%
Emissions reduction vs BAU in our Future
Frontiers scenario

Our Future Frontiers Scenario shows how it is possible to close the gap between where we are headed and

net-zero emissions by 81% by 2050
GtCO2e

Reduction in emissions vs 2019 levels

90

Rising emissions under UNEP
Current Policy Scenario

- 23 GtCO2e

Clean power: - 100%

-12 GtCO2e

Cleaner transport: - 81%

- 5 GtCO2e

Green buildings: - 88%

60

- 23 GtCO2e

Low -carbon industry: - 80%

30

Falling emissions under HSBC
Future Frontiers Scenario
0
2019 2023 2027 2031 2035 2039 2043 2047 2050

• Our scenario sees 63 GtCO2e removal from across energy
consuming sectors and industrial processes.
• Stabilisation of emissions from land use, forestry and
agriculture results in a further 7 GtCO2e cut vs BAU.
• Sectors including w aste generation and management, w ater
utilities, agriculture and forestry will also require material
decarbonisation to close the remaining 16 GtCO2e gap
tow ards net zero.

Source: UNEP, HSBC;
Note: Our Future Frontiers Scenario focuses on energy emissions, as well as emissions from non-energy industrial processes. Significant emitting sectors important to the energy transition which we do not cover include waste
generation and management, water utilities, agriculture and forestry; GtCO 2e refers to gigatonnes of carbon dioxide equivalent; The United Nations Environment Programme’s (UNEP) Current Policy Scenario is used as business-asusual emissions, where no further policy measures are taken to limit emissions beyond those already in place; Emissions from agriculture, waste and LUCF are capped at 2019 levels through to 2050 in our Future Frontiers scenario;
Emissions reduction
from theand
buildings
sector versus
level is shown
but can beindescribed as a reduction of 96% by including indirect emissions, via decarbonised power.
 Coal
natural
gas2019
phased
outat 88%,
by 2035

Clean power generation

Cleaner transport

 Diesel and gasoline make w ay for batteries and
developed markets, and mostly by 2050 in the
fuel cells in road transport by 2040, w ith global
rest of the w orld, with renewables
growing
There are many
obstacles still to overcome in
achieving
anything
like such
a deep
regulation
limiting
shipping
and aviation
rapidly, along w ith some nuclear, carbon
Obstacles remain…
emissions
decarbonisation
as
described
in
this
report.
Policy
support
is
inadequate,
there
remain
capture and storage
immediate cost advantages in many cases to using fossil fuels (particularly in the absence of a
social cost of carbon), some materials may prove to be scarce until adequate reserves or

alternatives are found, and innovation and technological advances are required across the
board.



There is no more consequential challenge that we must
meet in the next decade than the onrushing climate crisis
President Joe Biden on announcement of his climate plan on 14 July 2020
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Green buildings

Low-carbon Industry

 Retrofitting in existing buildings and green new
builds increase energy efficiency, as oil and gas
are replaced by electricity and hydrogen as
energy sources

 A disparate sector requiring diverse solutions,
such as materials efficiency and recycling,
electrification, carbon capture and hydrogen
reduce emissions from metals & mining,
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…and we need true global
leadership

A wide range of technologies
are needed…

However, as discussed in the opening section, we believe that catalysts continue to come and,
for every disappointment in the rate of transition, other areas surprise positively. In terms of
policy, COP26 is a major opportunity to drive global climate ambition yet further forward.
Meanwhile, at regional and country level, the importance of the European Union implementing
the intentions of its Green Deal cannot be overstated, driving the scale and ambition which can
in turn make clean alternatives scalable and cost-competitive. We hope China and the US join
in showing energy transition leadership. And indeed, all countries need to increase their
ambition and deliver on their plans.
Investment in and advances in specific technologies can increase the rate at which emissions
can descend towards net zero. It’s not just about solar panels, wind turbines and electric
vehicles – indeed, these are not enough, as this report has shown. But as clean hydrogen
production, fuel cells, batteries, carbon capture technologies and advanced alternative fuels are
deployed, so the ability to build them cheaply and at scale will continue to improve.



Investors can play a crucial role in working with
companies encouraging them to invest in low carbon
solutions and transition as quickly as is viable …for their
long-term viability as going concerns and therefore to keep
them investable

…plus we must protect our
natural world

Keeping companies
investable

And it remains imperative that natural capital – our biodiversity and ecosystems - are protected
for climate reasons but also for the many other ways in which we depend on their health,
economically and socially.
We believe that investors can play a crucial role in working with investee companies,
encouraging them to invest in low carbon solutions and transition as quickly as is viable towards
cleaner alternatives and ultimately holding them to account – for their long-term viability as
going concerns and therefore to keep them investable.




And it’s not too late…

I
In terms of politics, policy, technological advances and
n economics, there is still time to achieve a lot before 2050,
v
but we need to act now and act radically
e
s
2050tis only a generation away, not long in terms of human history to effect such a radical
transformation
as we need to protect our world, its human populations and all the systems we
o
depend
upon
from
dangerous, runaway climate change. But in terms of politics, policy,
r
technological advances and economics, 29 years is a long time. There are many, many things
s
which we can do and change in that time. It is still possible to keep global warming to within less
c
dangerous boundaries, but we need to act now and act radically to achieve this.
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