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The biggest challenge, and opportunity of our times

Equity
Global

This is the decade of climate action and COP26 will be the tipping point of the race to
reach net zero emissions – the balance of reducing and removing carbon emissions from
the atmosphere. To achieve it, a transition to clean technologies in all sectors at an
unprecedented pace would be required, with the steering of governments and willingness
of society. This is the last decade to act. Absolute water scarcity is likely for 1.8bn people,
100mn face poverty, and 800mn are at risk from rising sea levels by 2025. Climate
migration could reach 143mn from emerging markets, driven by extreme weather1. At the
same time, $5tn of annual investments, $2tn of R&D, 42mn green economy jobs, and a
cleaner planet could generate an unprecedented global opportunity2.

Good COP(26), bad COP: Everything we need to ask
Climate action is not black & white and we ask the tough questions, such as: Is it even
possible to get to net zero? Yes, but slow, expensive and uneven. How much will it cost?
$150tn over 30Y, 2x current global GDP2. Will it be inflationary? Yes, expect 1-3% pa
shock3. What are the bottlenecks? Geopolitics, climate wars and EM. Do we have the
resources? Nickel and Lithium are just two that could be in deficit as soon as 2024. Is
green technology really green? Not initially. Are markets factoring the risk? Yes! Cost of
equity is 10% lower for high ESG scores companies, new energy issuance is 70bps
higher than investment grade, and 37% of EM investors plan to cut fossil exposure.3

Tech, economy and markets meet to solve a $150tn crisis
At an estimated $150tn over 30 years, boosting funding sources to $5tn a year is
equivalent to the entire US tax base, or 3x the COVID-19 stimulus this decade2. But it
can be done, with technology, economy, markets and ESG joining forces. Exponential
cost reductions in wind, solar and batteries technologies have made renewables the
cheapest form of energy in areas producing >90% of global electricity. Market appetite
is chipping in too. Labelled bonds and loans jumped to > $3tn this year, with $3 in every
$10 of flows into global equities going into ESG, which will support climate-friendly
investments, as well as funding new ones needed to further decarbonize our planet like
green mining, green hydrogen or carbon capture.4 Finally, we see central and commercial
bank balance sheets funding rising by c. $500bn p.a. Yes, this will create up to 3%
inflation shock, but this could be partially absorbed by green economy GDP boost.3

$69tn cost, $5tn annual investment opportunity
The potential impact of no action could be significant: >3% of GDP lost every year by
2030, growing to $69tn by 2100; and c.5% of global equity stock market value ($2.3tn)
wiped out permanently by climate policy re-pricing, with a potentially extreme hit to
corporate earnings for certain sectors.5 However, the need for energy transition
investment to rise to >$5tn per year will create opportunities.2 This is net positive for
enablers like utilities, industrials, renewables, industrial gases & batteries deployed at
scale, such as green hydrogen, green mining, and carbon capture.
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Net Zero in 9 Charts
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Exhibit 1: Net Zero in 9 Charts
Everything you need to know about COP26

Source: 1) International Energy Agency (2021), Net Zero by 2050, IEA, Paris; 2) Haver, IMF, IEA, BofA Global Research; 3) Bloomberg NEF; 4) World Bank, BofA Global Research; 5) EPA, IPCC (2014); 6) IEA; 7) RethinkX; 8) MSCI, FactSet, BofA US Equity & Quant
Strategy; 9) BofA Global Research estimates, ICE Data Services LLC

The Net Zero Cheat Sheet
Table 1: The Net Zero cheat sheet
The road to net zero emissions raises several recurring questions and debates on what’s required, timelines, and implications.
The Key Questions we’re asked

The key answers you need

What is COP26?

The 26th UN Climate Change Conference (‘Conference Of the Parties’)

What is net zero?

A zero balance of greenhouse gases added and removed from the atmosphere.

Why do we need net zero?

Climate change. Reaching net zero CO2 by 2050 could limit global warming to 1.5°C.

Are we on track to achieve it?

Not yet, but commitments are rising: country commitments to achieve net zero cover >70% of global CO2 emissions.

Is net zero even possible?

Yes, but required this decade to achieve: a 50-80% reduction in CO2 by 2030 (vs 2020), and 100% by 2050 in all sectors.

What industries to be affected?

All sectors need to decarbonise, but Energy related emissions in transport, industry, and heating account for ~77% of global emissions, thus
the energy transition is key.

How much renewable energy needed?

~4x the 2020 installations of wind and solar generation capacity to >1,000gw per year - for 30 years; 27TWh-42TWh capacity globally in
2050 (9-14x 2020 levels)

How many EVs and batteries?

EV penetration: >60/100% sales by 2030/35; 85-100% of all road transport vehicle fleet by 2050, requiring up to 88x battery manufacturing
capacity (14TWh)

How much will it cost?

Around $150tn total, $5tn a year over 30 years, 2-3x current annual energy investments

How and who will pay for it?

Private & Public sources via a combination of corporate bond issuance ($3tn labelled bonds), commercial bank balance sheet capacity,
government debt

Will a carbon tax be required?

Yes, an average of $150/t expected over 20 years to achieve required emissions reductions, with 2040-50 price influenced by carbon capture
effectiveness

What is the economic impact?

1-3% inflation, 0.3-0.5% GDP uplift pa to 2030 at elevated funding of $5tn a year

Will capital markets reward it?

Yes. 2021 is on track for record ESG fund inflows (30% of global equities), cost of equity for high ESG scoring companies is 10% lower than
poorly-ranked peers

Will companies trade higher?

Yes. P/E multiples for companies with the top 20% ESG scores have risen from a 20% discount to bottom quintile peers to a 25% premium
today

Will debt markets reward it?

Yes. The average coupon for new energy issuance in 2021 is now 70bps higher than for overall USD investment grade issuance despite
similar ratings

Will (clean) technology save the day?

Around 50% emission-reductions to 2050 are expected to come from technologies already in commercial deployment (e.g. renewable energy,
electric cars, heat pumps).

Are clean technologies “clean”?

Most are not upfront, owing to higher mineral content; EVs use 6x higher mineral content (and currently take two years to become “greener”
than combustion engines) and wind power 9x higher than gas for example

Will geopolitics get in the way?

Possibly. Restrictions over raw material access, and economic policy tools such as carbon border taxes risk “Climate Wars” between global
superpowers.

Do we have enough raw materials?

Only with new capacity and recycling. Shifting to a metals intensive economy at the pace required for net zero could see nickel/lithium
deficits by 2024/2026. >90% of the material processing is in Asia, requiring local supply chains to scale up.

How will net zero impact business and

The majority (60%) of emission reductions will require the active involvement of consumers/businesses (e.g. switching to electric cars, heat

consumers?

pumps)

What could go wrong?

Behaviour change, finance, rate of change in EMs, lack of global compliance and how to monitor and track emissions reduction are key
challenges to deliver net zero.

Source: BofA Global Research, BloombergNEF, IEA
BofA GLOBAL RESEARCH
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The COP26 handbook. What do we need
to know?
Q. What is COP26?
A: The UN’s Climate Change Conference (‘Conference Of the Parties’), in its 26th year.
Country members of the UN’s Framework Convention on Climate Change (now ~200)
meet to negotiate and commit to levels of greenhouse gas emission reductions and
actions to mitigate climate change. The significance of COP26 is the first such
conference where countries are due to update their emissions reduction pledges
(nationally determined contributions, NDCs) since their inception at the Paris version of
the conference in 2015. More net zero targets are expected, climate finance for
emerging markets, and specific policies around the use of coal, renewable energy,
electric vehicles and curtailing deforestation. Thus, the success of COP26 will be
determined by the levels of country commitments to reach net zero, the specific policies
and finance that will be mobilised to achieve it.
Q: What is net zero?
A: A measure of carbon neutrality through a balance of reducing and removing carbon
emissions from the atmosphere. The word “net” is the key. This means that whilst
eliminating emissions to zero would be ideal, not every activity has to be zero emission
to be compliant in a net zero economy. However, greenhouse gases that continue to be
emitted would need to be captured and removed from the atmosphere.
Q: Why do we need net zero?
A: Climate change. Global average temperatures are now 1.1°C above pre-industrial
levels, with the last decade hotter than any period in 125,000 years, making extreme
weather events more frequent and severe. Reaching net zero CO2 by 2050 (and other
greenhouse gas emissions by 2060-70) could limit global warming to 1.5°C, considered
the threshold that could mitigate the extent of global sea level rises, drought and hunger
(source: IPCC).
Q: Are we on track to achieve it?
A: Not yet, but commitments are rising. The good news: country commitments to
achieve net zero cover >70% of global CO2 emissions; within that, >100 of the world’s
largest emitting companies have committed to reaching net zero thus far (accounting
for ~25% of global emissions between them). The bad news: just 10 country
commitments were in legislation as of September 2021, and many of the country
pledges announced have long-term targets without 2030 commitments. ~85% of the
gap to reach the 2030 requirement of the 1.5°C goal, per the Paris Agreement, remains
(sources: BNEF, IEA, Climate Action Tracker).
Q: Is net zero even possible, and how?
A: Yes, but action is required this decade. Achieving net zero requires a significant
reduction of greenhouse gas emissions in all sectors of the economy: a 50-80%
reduction in CO2 by 2030 (vs 2020), and 100% by 2050 to reach the 1.5°C goal. To
achieve it, solutions focused on decarbonisation of energy-related emissions in
transport, industry and heating (at an unprecedented scale) are sought in particular, as
they account for 77% of global emissions (the largest of the “emissions wedges”), but
alternative substitute products and processes in agriculture and land use/forestry are
required for the remainder. These require substantial investment, technological and
behaviour changes to transition to zero carbon alternatives at scale, raising several
policy, economic challenges as to the most efficient pathway (sources: BNEF, IEA, World
Resources Institute).
Q: How much renewable energy might be required for net zero? How many EVs
and batteries?
A: ~4x the current (2020) annual installations of wind and solar generation capacity –
>1,000gw per year – for 30 years. Cumulative installed capacity of variable renewables
4
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required in 2050 could be between 27TWh-42TW, 9x and 14x 2020 levels respectively
(sources: IEA, BNEF). A: The proportion of car sales would reach 64% battery of fuel cell
EV by 2030 (and 30% of trucks); reaching 100% of all road vehicles by 2050, powered by
renewable electricity and requiring 14 TWh battery manufacturing capacity (88x more
than the installed capacity in 2020) (source: IEA).
Q: How much will it cost?
A: The energy transition to a net zero greenhouse gas (GHG) economy by 2050 will be a
very expensive exercise, estimated by the IEA at $150tn of total investment, over a period
of 30 year. At $5tn p.a, the IEA see it costing as much as the entire US tax base every year
for 30 years. BNEF has a higher estimate that the total investment needed for energy
supply and infrastructure could be as high as $173tn through 2050, or up to $5.8tn
annually, which is nearly three times the amount invested on an annual basis today.
Q: Who will pay for it and how?
A: A combination of corporate bond issuance, commercial bank balance sheet capacity,
government debt, and carbon taxes will likely be required to achieve full decarbonization.
It will be very challenging to boost funding resources to the $5tn a year required to get
to net zero emissions, but there is plenty of scope to increase current funding of $500bn
a year. BNEF estimates that through July 2021, over $3trn in labelled bonds and loans
have been issued. This includes $623bn in labelled bonds in 2021 (through August), and
another $265bn in green and sustainability-linked loans. We expect $1trn in labelled
bond issuance in 2021 (including $900bn in green, social and sustainability bonds plus at
least $100bn in sustainability-linked bonds). The consumer will also need to contribute,
through taxes. Decarbonisation bill of $5tn a year is equivalent to 25% of current global
tax revenues ($20tn); assuming that global tax revenue grows at the 10y average over
the next 30 years and a progressive spending path, the decarbonization bill would
amount to 15% of global tax revenues by 2030, meaning accommodating climate action
finance likely required far beyond fiscal budgets.
Q: What is the economic impact of net zero?
A: Elevated net zero funding could be inflationary, but the impact looks manageable at
1% to 3% per annum depending on central bank monetization rates, particularly if
government spending is targeted and contributes to accelerate the rate of global GDP
growth. The IEA also has a productive outlook for their net zero scenario, where the
change in the annual growth rate of GDP accelerates by somewhere between 0.3% and
0.5% on a sustained basis over the next 10 years as a result of a shift to a green
economy.
Q: Will capital markets reward investment?
A: Yes, the capital markets are voting in favour and rewarding companies with high ESG
scoring. 2021 is on pace for a record ESG influx, with $3 in every $10 of flows into
global equities going into ESG. P/E multiples for companies with top quintile MSCI ESG
scores have risen from historically as low as a 20% discount to bottom quintile peers to
a 25% premium today. The cost of equity for companies with the highest ESG scores
based on MSCI is 120bps or 10ppt lower than poorly-ranked peers. Equally we see this
trend through the credit markets, through lower cost of debt. As an example, the average
coupon for new energy issuance in 2021 is now 70bps higher than for overall USD
investment grade issuance despite similar ratings.
Q: Will (clean) technology save the day?
A: Around half of the emission-reduction requirements to 2050 are expected to come
from technologies already in commercial deployment (e.g. renewable energy, electric
cars, heat pumps), albeit some at a cost premium to conventional alternatives in the
short term, expected to reduce with scale. The remaining 50% of emission reductions
are reliant on technologies at prototype or testing stages, yet to be deployed in volume,
such as green hydrogen, biofuels, carbon capture and storage (CCS), particularly focused
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on decarbonising heavy industry. All would require accelerated innovation, R&D and
policy focus to reach net zero, and the share/scale of their deployment is likely to vary
globally, influenced by resource availability, industrial strengths and geopolitics (sources:
Breakthrough Energy Ventures, IEA).
Q: What technologies are the most likely or urgent in the short term?
A: Energy & transportation are likely to come first. Why? Economics, not climate change.
Exponential cost reductions in wind (-53%) and solar (-89%) in the past decade have
made their deployment the cheapest form of energy in countries with 2/3rds of the
global population and 90% of world electricity generation. EV battery costs fell 89% too,
bringing cost parity with internal combustion engine (ICE) vehicles by 2024 or sooner
(BNEF). Renewable energy and electrification of transport are expected to be deployed
at scale given their relative maturity – as high as 9-14x additional energy generation
capacity would be necessary in 2020-2030, and >60% of global car sales would need to
be EV by 2030 to reach net zero by 2050 per IEA.
Q: Will geopolitics get in the way?
A: Bold COP26 climate action plans could dramatically alter the global geopolitical
balance. A fast transition to electric vehicles could impact or even destabilise oilsensitive economies. A renewables surge could affect regions dependent on coal & gas
exports, while a shift to more vegetarian diets could impact farming and the political
landscape globally, not to mention costs and growth rates which some EMs cannot
afford. Regionally, we note that both the US and China are the global leaders in
investment in clean energy, as the world’s largest two economies are engaged in a
competition for climate leadership. Strategic competition for climate leadership
between China and the US should help drive global emissions down, but keep in mind
local politicians in the remaining 193 countries – and their constituents – will also have
to be willing and able to embark on the net zero journey.
Q: Are we heading to resources scarcity, when heading to achieve Net Zero?
A: Only with a combination of recycling, and more efficient extraction and supply chains.
Only 70% of the lithium required to 2030 is available with current supply for example:
more mining and recycling will be required. Also, there is geopolitical risk given the
concentration of production: >75% of lithium, cobalt and rare earth production is in
three countries, and refining of critical materials is currently dominated by China (>90%
of rare earths for example).
Q: How will net zero impact business and consumers?
A: The majority (60%) of emission reductions will require the active involvement of
consumers/businesses (e.g. switching to electric cars, heat pumps), with a further 10%
expected from behaviour change (e.g. switching modes of transport, reducing excessive
energy use, materials efficiency gains and higher recycling). The remaining 30% would
come from low-carbon energy/fuels requiring less or no input from consumers, such as
increasing share of renewable energy generation feeding national grids.
Q: What could go wrong?
A: Further challenges remain: 1) achieving the level of behaviour change required in
sufficient time (policy measures are needed); 2) the lack of global compliance and
consensus on a carbon price and how to enforce it; and 3) how to monitor emissions and
reduction globally to track progress. More positively, innovations in satellites, blockchain
for traceable supply chains, and regionally deployed policies, such as the EU’s carbon
border adjustment mechanism, are all steps to mitigate those risks.
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Did you know?
•

To keep within 1.5°C would require a 50-80% reduction in CO2
emissions by 2050 1

•

85% of the gap to reach the 2030 requirements per the Paris Agreement
remains 2

•

The energy transition to a net zero economy by 2050 will cost $150tn in
total over three decades… as much as the entire US tax base every year,
for 30 years 3

•

But everyone will chip in – among the financial systems, central banks’
balance sheets and private markets, there is plenty of scope to increase
current funding of $500bn a year 4

•

At the macro level, the inflation impact will not be insignificant, but it
looks manageable at 1% to 3% per annum depending on central bank
monetization rates 4

•

The green energy transition could contribute to accelerate the rate of
global GDP growth by 0.3% to 0.5% per annum 4

•

To get to net zero, the share of electricity in power consumption could
rise from 20% to 50% of energy requirements, requiring 70-122TWh of
electricity generation depending on the mix of end-uses 1

•

Running into resources scarcity: an electric vehicle has 6x more mineral
input than a combustion engine alternative, and an onshore wind plant
requires 9x more mineral resources than a gas-fired power plant 3

•

Recycling is a must. Moving to EV means nickel and lithium, for example,
could be in deficit in 2024/2026 5

•

For lithium, cobalt and rare earth elements, the top three global
producers control >75% of current output of the materials: Australia, DR
Congo and China 3

•

The concentration is even higher for refining & processing operations
where China dominates across the board, with a share of 35% of nickel,
50% of lithium, 70% of cobalt and 90% of rare earth elements in 2019 3

•

Of all industry sectors, Technology has the most full Scope 1-3
commitments (51% of companies), and Construction the lowest (8%) 3

•

But Tech ranks among the worst of the Service/Consumer sectors when
looking at Scope 3 emissions 6

•

A single Bitcoin purchased for ~$50,000 has a carbon footprint of 270
tons, the equivalent of 60 ICE cars 7

•

2021 is on track for a record ESG influx, with $3 of every $10 of flows
into global equities going into ESG 4
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•

P/E multiples for companies with top quintile MSCI ESG scores have
risen from as low as a 20% discount to bottom quintile peers historically
to a 25% premium today 4

•

The cost of equity for companies with the highest ESG scores based on
MSCI is 120bps or 10ppt lower than poorly-ranked peers 4

•

The average coupon for new energy issuance in 2021 is now 70bps
higher than for overall USD investment grade issuance despite similar
ratings 4

•

In a recent survey, 37% of EM respondents see themselves reducing
exposure to oil & gas in the next three years – oil & gas represents 20%
of their index! 4

Sources: 1 IEA, BNEF, 2 Climate Action Tracker, 3 IEA, 4 BofA Global Research, 5 BNEF, Roland Berger, IEA, 6 ICE Data
Services LLC, BofA US Equity & Quant Strategy, 7 EPA, CBECI, BofA Global Research estimates
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What is net zero?
What is Net Zero? The balance of reducing and removing emissions
A number of academic and research studies are emerging, demonstrating potential
pathways to keep global warming within 1.5°C. All require rapid reduction in greenhouse
gas emissions, notably reaching “net zero” by 2050. Net Zero is a measure of carbon
neutrality through a balance of eliminating and removing carbon emissions from the
atmosphere. The word “net” is the key. This means that whilst eliminating emissions to
zero would be ideal, not every activity has to be zero emission to be compliant in a net
zero economy. However, those that continue to emit greenhouse gases would need to be
captured and removed from the atmosphere.
Exhibit 2: Net Zero: a measure of carbon neutrality by reducing and removing emissions
To achieve net zero requires a combination of reducing direct emissions and/or removing them from
industrial activity or atmospheric emissions with nature or technology based solutions

Source: Green Match, BofA Global Research
BofA GLOBAL RESEARCH

Good COP / Bad COP? What is COP26, and what is expected?
The United Nations hold a Climate Change Conference every year attended by the ~200
country members of the UN’s Framework Convention on Climate Change. Referred to as
the Conference of the Parties (COP), this year being the 26th such conference. Countries
negotiate and commit to levels of emissions reductions, and how they’ll be financed and
implemented. The country emissions reduction pledges (“Nationally Determined
Contributions”, or NDCs) were launched in 2015 at COP21 in Paris, where countries
agreed to review and update them every five years, with COP26 being the first such
update due. Thus, the success of COP26 will be determined by the levels of country
commitments to reach net zero, the specific policies and finance that will be mobilised
to achieve it. What’s expected from COP26 (per the official COP26 website):
1)

The What: Net Zero: Countries are due to submit 2030 emissions reductions
targets to remain on track to achieve net zero by 2050. Several nations have
already pre-announced their targets such as China (committing to peak
emissions by 2030 and net zero by 2060, announced September 2020), and the
most recent pledge from the UAE to reach net zero by 2050 (October 2021).

2)

The How: Climate Action: To deliver the mid-long dated targets, specific
policies and actions are expected, many of which are due to be announced and
publicised at or ahead of COP26, specifically accelerating the phase out of coal,
curtailing deforestation, speeding up the transition to electric vehicles, and
encouraging investment in renewable energy.

3)

Climate Finance: In addition to funding their own targets, developed nations
committed in 2009 to mobilise $100bn per year to emerging markets on
climate action by 2020; per the OECD’s latest figures (2019), $80bn was spent,
with COP26 expected for nations to increase the figure to bridge the gap, as
well as begin negotiations for the next financing milestone and how it can be
delivered (e.g. via aid, grants and trade). The UN’s Environment Programme
estimate adaptation costs alone in developing countries will reach $140-300bn
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by 2030, and $280-500bn by 2050. Africa alone could require $3tn climate
action investment by 2030 (source: Climate Policy Initiative).

Where do we stand with climate change?
A combination of accelerating temperatures in recent decades (increasing the frequency
and impact of extreme weather events), more comprehensive scientific research into the
effects of climate change have amplified the call from the public, governments,
investors and corporates to take action to mitigate the potential impacts and costs. To
do so, pathways to ‘net zero’ emissions are being proposed or in some cases legislated
by governments and corporates at an increasing rate and pace, with the goal of
eliminating or removing emissions to have zero further release of greenhouse gases into
the atmosphere. Most commit to doing so by 2050, but have short term economic, social
and political implications to all industry sectors. To achieve it will require a combination
of policy, accelerated deployment and investment in clean technologies – not all of
which are ready to be deployed at scale immediately, and behaviour change from several
parties. Whilst not yet on track to achieve net zero (per Climate Action Tracker),
increased national and industry pledges in the build-up to the United Nations 26th
Climate Change Conference (COP26) in October 2021 are reducing the gap.
Current State of Climate: Warming world and extreme weather
The UN’s Intergovernmental Panel on Climate Change (IPCC) 6th assessment report
released in August 2021 gave a detailed scientific account of the worsening state of
climate change. This highlighted in summary: 1) the last decade was hotter than any
period in 125,000 years, 2) scientists can now link specific weather events to human
made climate change, and their frequency is set to increase, 3) at the current rate of
emissions, the carbon budget (volume of CO2 emissions to limit global warming to 1.5°C
as set out in the Paris Climate agreement) will be exceeded within a decade at the
current rate of emissions, 4) reaching net zero emissions by 2050 could stabilize
temperatures thereafter, but some effects such as sea level rise could remain
irreversible.

IPCC Climate Assessment Report 6: Strong & Rapid GHG reductions required
“Recent changes in the climate are widespread, rapid, intensifying and
unprecedented in thousands of years. Unless there are immediate, rapid and largescale reductions in greenhouse gas emissions, limiting warming to 1.5°C will be
beyond reach.
It is indisputable that human activities are causing climate change, making extreme
climate events: heat waves, heavy rainfall and droughts more frequent and severe.
Climate change is already affecting every region on Earth in multiple ways. The
changes we experience will increase with further warming.
There is no going back from some changes in the climate system, however some
could be slowed and others could be stopped by limiting warming. To do so, strong,
rapid and sustained reductions in CO2, methane, and other greenhouse gases are
necessary to reduce the consequences of climate change and improve air quality”.
IPCC 6th Assessment Report, August 2021.
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Exhibit 3: To limit global warming to 1.5-2°C requires reaching net zero
by 2050/2070
The goal of reaching a net zero emission economy by 2050 would require
immediate action this decade to reduce CO2 and other greenhouse gas
emissions

Source: IPCC, World Resources Institute
BofA GLOBAL RESEARCH

Financial Risks of Climate Change: $69 trillion even if within 2°C
The IPCC project that the remaining CO2 emissions (or “carbon budget”) that could limit
global warming to 1.5-2°C would be around 500 and 1,350gt CO2 respectively. This
implies that at the current annual emissions of 42gt CO2, it would be reached in 12 and
32 years respectively. Even with the significant emissions reductions required to
maintain within that range, Moody’s estimate a financial cost of $54-69 trillion cost to
the economy by 2100 resulting from health, water, air quality and extreme weather
related damage. Exceeding this level of global warming could lead to costs far higher; in
excess of $150 trillion by 2100 per Nature Communications.

What would be required to decarbonize
our planet?
Unprecedented shift to new & emerging Cleantech
Achieving the scale and pace of transformation net zero would require a new industrial
revolution with existing and new technologies deployed for both energy and fuel
production, and end use applications/industries dependent on it. These two areas both
require substantial investment, technological and behaviour changes to transition to zero
carbon alternatives at scale, raising several policy, economic challenges as to the most
efficient pathway. We outline the potential scale of clean technologies required based on
various sources, and arising debates/choices.
Energy Production: Clean Electricity a given; the balance of hydrogen, nuclear,
bioenergy and Fossil with CCS uncertain
Clean Energy Volumes for a Net Zero world?
Electricity: share of final energy consumption rises from 20% in 2020 to 49%
(IEA), requiring ~71TWh electricity (+3x vs 2020);
Hydrogen: adding a significant share of green hydrogen for energy use, would
almost double the electric requirement to 122TWh (assuming 40% of total energy
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from green hydrogen, per BNEF); annual hydrogen demand could grow from
~90mt per year in 2020 to between 500mt (IEA) and 1,300mt (BNEF) per year
Wind & Solar: whilst it took 20 years to reach 1,000Gw installed solar/wind
generation capacity, reaching net zero could require 1,400Gw additional capacity
every year 2020 to 2050; total renewable installed capacity required in 2050
could be between 27TWh-42TWH, 9x and 14x 2020 levels respectively (sources:
IEA, BNEF)
Battery energy storage: up to 3TW of battery storage would be required to
balance renewable energy supply and demand in 2050 to offset the risk of
intermittent energy (+172x vs the 18Gw installed in 2020), sources: IEA, BNEF)
Nuclear: to provide predictable reliable base energy, annual nuclear capacity
additions could rise to >24gw annually 2030-50, (triple that of 2010-20) to rise
from 5% of total energy to 11% of supply in 2050. New technology such as Small
Modular Reactors (SMR) could enable this more cost effectively than legacy
infrastructure.
Fossil Fuels: decline from 79% of total energy supply in 2020 to between 10%
(BNEF) and 22% (IEA) in 2050; implying coal peaked in 2015, oil in 2019, and gas
peaks in 2027 (BNEF).
CCS: as such, Carbon Capture and Storage (CCS) technologies could rise 190x vs
2020 to capture 7.6gt CO2, 90% of which from the remaining fossil fuel activity;
reducing fossil fuel use would as such reduce CCS requirements, but ~1gt of
direct air capture may still be required for abating fossil/historical emissions (IEA)
Key Debates that this creates:
How can total energy supply be flat or less in a growing
population/economy? 1) Doubling the rate of energy efficiency from 2% to 4%
yielding more output for less input, and 2) switching to energy with overall higher
efficiency (direct electrification where possible).
Can renewable energy power ALL our global needs? Theoretically yes (per
MIT, the sun alone produces 173 quadrillion watts of power, 10,000x global
power generation’s current needs), but challenges are how to harness and store
that energy cost effectively to ensure available energy at all times, meaning 1)
the scale of generating capacity would be vast, requiring significant additional
infrastructure and land use to accommodate the US, and 2) the sources are
variable/intermittent (10-25% variability for Solar, 30-40% wind) requiring
technologies to balance energy supply and demand.
What can mitigate against intermittency of renewable electricity? Utilising
additional energy storage with batteries (higher efficiency, limited
capacity/duration), or via clean molecule-based alternatives such as hydrogen or
ammonia derived from it (lower efficiency, longer duration, better for seasonal
storage), or retaining a minimum base energy from other zero carbon alternatives
such as nuclear or fossil energy with CCS if proven.
Why not use electrification for all energy needs? Some sectors or end-use
applications are harder to switch to electrified alternatives owing to cost or
technical/equipment limitations. Road transport (battery/fuel cell EVs), and
heating buildings (green hydrogen and/or electric heat pumps) have viable
alternatives albeit at early stages of deployment. Shipping/aviation (owing to
range/weight limitations of batteries) and industrial sectors pose the biggest
challenge. Where fossil fuels are used for heating and as a feedstock raw material
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into their processes, they perform an ancillary purpose that’s harder to replace
with electrification alone, without engineering and equipment advances (for
example steel, cement, glass and petrochemicals production). Alternative
equipment (such as electric arc furnaces) and feedstocks are at an early
development stage, with fossil fuels required in the interim.
Why doesn’t fossil fuel use go to zero in all net zero scenarios? Assumptions
vary over 1) the level of baseload despatchable fossil energy required that can
deliver power instantly and how it can be replaced, 2) the scale and viability of
CCS technologies to abate emissions from fossil energy extraction, and 3) the
viability technologically and economically of alternatives such as hydrogen.
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What might Net Zero cost? Can we spare 0.4% GDP per year to save the planet?
The IEA’s Net Zero scenario would require a $5tn annual energy sector investment by
2030 – double that of the average 2016-20 spend of $2.3tn – but reducing to $4.5tn pa
by 2050, owing to the higher share of capex required upfront to fund the growth in
electricity systems. This would represent an additional 0.4% GDP growth each year or
4% by 2030 – adding an economy the size of Japan to the global economy if such scale
of investment was mobilised. The annual/total investment requirements vary in
alternative net zero pathways based on the mix of energy production and consumption
assumed. BNEF for example estimate delivering net zero could cost range between
$92tn and $173tn (or $3.1-5.8tn per year on average between 2020-2050), with lower
cost options utilising more existing fossil fuel assets with carbon capture technologies,
compared to the most expensive scenarios more weighted to renewable energy and
green hydrogen.
Exhibit 4: Annual capital investment required on the path to net zero
The IEA has recently suggested that economic sectors will have to invest
trillions of dollars to decarbonize: doubling current energy spend per year

Exhibit 5: Annual capital investment required on the path to net zero
The majority of the investment will target electricity systems and
electrification of activities

6

8

$ trillion

Fuel production
Industry

Electricity gen
Transport

Infrastructure
Buildings

$ trillion
6

4

Bioenergy
Efficiency
Electricity system
CCUS

Other renewables
Electrification
Hydrogen
Fossil fuels

4
2
2

0

0
2016-2020

2030

2040

2050

Source: International Energy Agency (2021), Net Zero by 2050, IEA, Paris

2016-2020

The electricity generation and transportation sectors will likely lead with the biggest
investments to decarbonize over the next 10 years. The focus will then shift to harder to
abate sectors as the solutions to decarbonise become more viable and economic:
infrastructure and industry between 2030-40, and the agricultural sector investment
skewed more heavily in the 2040s to achieve the net zero emissions targets per IEA.
Looking at the breakdown of expenses, the majority of the investment will likely target
electricity systems and the electrification of various human activities, with hydrogen
gaining ground into the 2040s.
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Exhibit 6: IEA: Energy spend doubles to $5tn pa to reach Net Zero
Widespread clean energy production and infrastructure spending would be
required for net zero, increasing annual energy spend to $5tn by 2030, $3tn
of which electricity related (vs $0.9tn in 2016-20)

Exhibit 7: BNEF: $3-5tn pa depending on hydrogen/nuclear/CCS mix
Varying the mix of hydrogen, CCS and nuclear in the energy mix ranges the
investment required from $96-$150tn 2020-2050 as the mid-point of net
zero scenarios but could reach as high as $173tn, $5.8tn pa to 2050

Source: BlooombergNEF; cumulative spend to reach net zero ($tn) in three alternative scenarios
BofA GLOBAL RESEARCH
Source: International Energy Agency (2021), Net Zero by 2050
BofA GLOBAL RESEARCH

Thematic Investing | 04 November 2021

15

Disclosures
Important Disclosures

BofA Global Research personnel (including the analyst(s) responsible for this report) receive compensation based upon, among other factors, the overall profitability of Bank of America
Corporation, including profits derived from investment banking. The analyst(s) responsible for this report may also receive compensation based upon, among other factors, the overall
profitability of the Bank’s sales and trading businesses relating to the class of securities or financial instruments for which such analyst is responsible.

Other Important Disclosures
From time to time research analysts conduct site visits of covered issuers. BofA Global Research policies prohibit research analysts from accepting payment or reimbursement for travel
expenses from the issuer for such visits.
Prices are indicative and for information purposes only. Except as otherwise stated in the report, for the purpose of any recommendation in relation to: 1) an equity security, the price referenced
is the publicly traded price of the security as of close of business on the day prior to the date of the report or, if the report is published during intraday trading, the price referenced is indicative
of the traded price as of the date and time of the report; or 2) a debt security (including equity preferred and CDS), prices are indicative as of the date and time of the report and are from various
sources including BofA Securities trading desks.
The date and time of completion of the production of any recommendation in this report shall be the date and time of dissemination of this report as recorded in the report timestamp.
Recipients who are not institutional investors or market professionals should seek the advice of their independent financial advisor before considering information in this report in connection
with any investment decision, or for a necessary explanation of its contents.
Officers of BofAS or one or more of its affiliates (other than research analysts) may have a financial interest in securities of the issuer(s) or in related investments.
Refer to BofA Global Research policies relating to conflicts of interest.
"BofA Securities" includes BofA Securities, Inc. ("BofAS") and its affiliates. Investors should contact their BofA Securities representative or Merrill Global Wealth Management
financial advisor if they have questions concerning this report or concerning the appropriateness of any investment idea described herein for such investor. "BofA Securities" is a
global brand for BofA Global Research.
Information relating to Non-US affiliates of BofA Securities and Distribution of Affiliate Research Reports:
BofAS and/or Merrill Lynch, Pierce, Fenner & Smith Incorporated ("MLPF&S") may in the future distribute, information of the following non-US affiliates in the US (short name: legal name,
regulator): Merrill Lynch (South Africa): Merrill Lynch South Africa (Pty) Ltd., regulated by The Financial Service Board; MLI (UK): Merrill Lynch International, regulated by the Financial Conduct
Authority (FCA) and the Prudential Regulation Authority (PRA); BofASE (France): BofA Securities Europe SA is authorized by the Autorité de Contrôle Prudentiel et de Résolution (ACPR) and
regulated by the ACPR and the Autorité des Marchés Financiers (AMF). Note that BofA Securities Europe SA has registered address at 51 rue la Boétie, 75008 Paris, is registered under no. 842
602 690 RCS Paris, and its share capital can be found on BofASE’s disclaimer webpage; BofA Europe (Milan): Bank of America Europe Designated Activity Company, Milan Branch, regulated by
the Bank of Italy, the European Central Bank (ECB) and the Central Bank of Ireland (CBI); BofA Europe (Frankfurt): Bank of America Europe Designated Activity Company, Frankfurt Branch
regulated by BaFin, the ECB and the CBI; BofA Europe (Madrid): Bank of America Europe Designated Activity Company, Sucursal en España, regulated by the Bank of Spain, the ECB and the CBI;
Merrill Lynch (Australia): Merrill Lynch Equities (Australia) Limited, regulated by the Australian Securities and Investments Commission; Merrill Lynch (Hong Kong): Merrill Lynch (Asia Pacific)
Limited, regulated by the Hong Kong Securities and Futures Commission (HKSFC); Merrill Lynch (Singapore): Merrill Lynch (Singapore) Pte Ltd, regulated by the Monetary Authority of Singapore
(MAS); Merrill Lynch (Canada): Merrill Lynch Canada Inc, regulated by the Investment Industry Regulatory Organization of Canada; Merrill Lynch (Mexico): Merrill Lynch Mexico, SA de CV, Casa de
Bolsa, regulated by the Comisión Nacional Bancaria y de Valores; Merrill Lynch (Argentina): Merrill Lynch Argentina SA, regulated by Comisión Nacional de Valores; BofAS Japan: BofA Securities
Japan Co., Ltd., regulated by the Financial Services Agency; Merrill Lynch (Seoul): Merrill Lynch International, LLC Seoul Branch, regulated by the Financial Supervisory Service; Merrill Lynch
(Taiwan): Merrill Lynch Securities (Taiwan) Ltd., regulated by the Securities and Futures Bureau; BofAS India: BofA Securities India Limited, regulated by the Securities and Exchange Board of
India (SEBI); Merrill Lynch (Indonesia): PT Merrill Lynch Sekuritas Indonesia, regulated by Otoritas Jasa Keuangan (OJK); Merrill Lynch (Israel): Merrill Lynch Israel Limited, regulated by Israel
Securities Authority; Merrill Lynch (Russia): OOO Merrill Lynch Securities, Moscow, regulated by the Central Bank of the Russian Federation; Merrill Lynch (DIFC): Merrill Lynch International (DIFC
Branch), regulated by the Dubai Financial Services Authority (DFSA); Merrill Lynch (Brazil): Merrill Lynch S.A. Corretora de Títulos e Valores Mobiliários, regulated by Comissão de Valores
Mobiliários; Merrill Lynch KSA Company: Merrill Lynch Kingdom of Saudi Arabia Company, regulated by the Capital Market Authority.
This information: has been approved for publication and is distributed in the United Kingdom (UK) to professional clients and eligible counterparties (as each is defined in the rules of the FCA
and the PRA) by MLI (UK), which is authorized by the PRA and regulated by the FCA and the PRA - details about the extent of our regulation by the FCA and PRA are available from us on request;
has been approved for publication and is distributed in the European Economic Area (EEA) by BofASE (France), which is authorized by the ACPR and regulated by the ACPR and the AMF; has
been considered and distributed in Japan by BofAS Japan, a registered securities dealer under the Financial Instruments and Exchange Act in Japan, or its permitted affiliates; is issued and
distributed in Hong Kong by Merrill Lynch (Hong Kong) which is regulated by HKSFC; is issued and distributed in Taiwan by Merrill Lynch (Taiwan); is issued and distributed in India by BofAS
India; and is issued and distributed in Singapore to institutional investors and/or accredited investors (each as defined under the Financial Advisers Regulations) by Merrill Lynch (Singapore)
(Company Registration No 198602883D). Merrill Lynch (Singapore) is regulated by MAS. Merrill Lynch Equities (Australia) Limited (ABN 65 006 276 795), AFS License 235132 (MLEA) distributes
this information in Australia only to 'Wholesale' clients as defined by s.761G of the Corporations Act 2001. With the exception of Bank of America N.A., Australia Branch, neither MLEA nor any of
its affiliates involved in preparing this information is an Authorised Deposit-Taking Institution under the Banking Act 1959 nor regulated by the Australian Prudential Regulation Authority. No
approval is required for publication or distribution of this information in Brazil and its local distribution is by Merrill Lynch (Brazil) in accordance with applicable regulations. Merrill Lynch (DIFC) is
authorized and regulated by the DFSA. Information prepared and issued by Merrill Lynch (DIFC) is done so in accordance with the requirements of the DFSA conduct of business rules. BofA
Europe (Frankfurt) distributes this information in Germany and is regulated by BaFin, the ECB and the CBI. BofA Securities entities, including BofA Europe and BofASE (France), may
outsource/delegate the marketing and/or provision of certain research services or aspects of research services to other branches or members of the BofA Securities group. You may be contacted
by a different BofA Securities entity acting for and on behalf of your service provider where permitted by applicable law. This does not change your service provider. Please refer to the Electronic
Communications Disclaimers for further information.
This information has been prepared and issued by BofAS and/or one or more of its non-US affiliates. The author(s) of this information may not be licensed to carry on regulated activities in your
jurisdiction and, if not licensed, do not hold themselves out as being able to do so. BofAS and/or MLPF&S is the distributor of this information in the US and accepts full responsibility for
information distributed to BofAS and/or MLPF&S clients in the US by its non-US affiliates. Any US person receiving this information and wishing to effect any transaction in any security
discussed herein should do so through BofAS and/or MLPF&S and not such foreign affiliates. Hong Kong recipients of this information should contact Merrill Lynch (Asia Pacific) Limited in
respect of any matters relating to dealing in securities or provision of specific advice on securities or any other matters arising from, or in connection with, this information. Singapore recipients
of this information should contact Merrill Lynch (Singapore) Pte Ltd in respect of any matters arising from, or in connection with, this information. For clients that are not accredited investors,
expert investors or institutional investors Merrill Lynch (Singapore) Pte Ltd accepts full responsibility for the contents of this information distributed to such clients in Singapore.
General Investment Related Disclosures:
Taiwan Readers: Neither the information nor any opinion expressed herein constitutes an offer or a solicitation of an offer to transact in any securities or other financial instrument. No part of
this report may be used or reproduced or quoted in any manner whatsoever in Taiwan by the press or any other person without the express written consent of BofA Securities.
This document provides general information only, and has been prepared for, and is intended for general distribution to, BofA Securities clients. Neither the information nor any opinion
expressed constitutes an offer or an invitation to make an offer, to buy or sell any securities or other financial instrument or any derivative related to such securities or instruments (e.g., options,

16

Thematic Investing | 04 November 2021

futures, warrants, and contracts for differences). This document is not intended to provide personal investment advice and it does not take into account the specific investment objectives,
financial situation and the particular needs of, and is not directed to, any specific person(s). This document and its content do not constitute, and should not be considered to constitute,
investment advice for purposes of ERISA, the US tax code, the Investment Advisers Act or otherwise. Investors should seek financial advice regarding the appropriateness of investing in financial
instruments and implementing investment strategies discussed or recommended in this document and should understand that statements regarding future prospects may not be realized. Any
decision to purchase or subscribe for securities in any offering must be based solely on existing public information on such security or the information in the prospectus or other offering
document issued in connection with such offering, and not on this document.
Securities and other financial instruments referred to herein, or recommended, offered or sold by BofA Securities, are not insured by the Federal Deposit Insurance Corporation and are not
deposits or other obligations of any insured depository institution (including, Bank of America, N.A.). Investments in general and, derivatives, in particular, involve numerous risks, including,
among others, market risk, counterparty default risk and liquidity risk. No security, financial instrument or derivative is suitable for all investors. Digital assets are extremely speculative, volatile
and are largely unregulated. In some cases, securities and other financial instruments may be difficult to value or sell and reliable information about the value or risks related to the security or
financial instrument may be difficult to obtain. Investors should note that income from such securities and other financial instruments, if any, may fluctuate and that price or value of such
securities and instruments may rise or fall and, in some cases, investors may lose their entire principal investment. Past performance is not necessarily a guide to future performance. Levels and
basis for taxation may change.
This report may contain a short-term trading idea or recommendation, which highlights a specific near-term catalyst or event impacting the issuer or the market that is anticipated to have a
short-term price impact on the equity securities of the issuer. Short-term trading ideas and recommendations are different from and do not affect a stock's fundamental equity rating, which
reflects both a longer term total return expectation and attractiveness for investment relative to other stocks within its Coverage Cluster. Short-term trading ideas and recommendations may
be more or less positive than a stock's fundamental equity rating.
BofA Securities is aware that the implementation of the ideas expressed in this report may depend upon an investor's ability to "short" securities or other financial instruments and that such
action may be limited by regulations prohibiting or restricting "shortselling" in many jurisdictions. Investors are urged to seek advice regarding the applicability of such regulations prior to
executing any short idea contained in this report.
Foreign currency rates of exchange may adversely affect the value, price or income of any security or financial instrument mentioned herein. Investors in such securities and instruments,
including ADRs, effectively assume currency risk.
BofAS or one of its affiliates is a regular issuer of traded financial instruments linked to securities that may have been recommended in this report. BofAS or one of its affiliates may, at any time,
hold a trading position (long or short) in the securities and financial instruments discussed in this report.
BofA Securities, through business units other than BofA Global Research, may have issued and may in the future issue trading ideas or recommendations that are inconsistent with, and reach
different conclusions from, the information presented herein. Such ideas or recommendations may reflect different time frames, assumptions, views and analytical methods of the persons who
prepared them, and BofA Securities is under no obligation to ensure that such other trading ideas or recommendations are brought to the attention of any recipient of this information.
In the event that the recipient received this information pursuant to a contract between the recipient and BofAS for the provision of research services for a separate fee, and in connection
therewith BofAS may be deemed to be acting as an investment adviser, such status relates, if at all, solely to the person with whom BofAS has contracted directly and does not extend beyond
the delivery of this report (unless otherwise agreed specifically in writing by BofAS). If such recipient uses the services of BofAS in connection with the sale or purchase of a security referred to
herein, BofAS may act as principal for its own account or as agent for another person. BofAS is and continues to act solely as a broker-dealer in connection with the execution of any transactions,
including transactions in any securities referred to herein.
Copyright and General Information:
Copyright 2021 Bank of America Corporation. All rights reserved. iQdatabase® is a registered service mark of Bank of America Corporation. This information is prepared for the use of BofA
Securities clients and may not be redistributed, retransmitted or disclosed, in whole or in part, or in any form or manner, without the express written consent of BofA Securities. BofA Global
Research information is distributed simultaneously to internal and client websites and other portals by BofA Securities and is not publicly-available material. Any unauthorized use or disclosure
is prohibited. Receipt and review of this information constitutes your agreement not to redistribute, retransmit, or disclose to others the contents, opinions, conclusion, or information
contained herein (including any investment recommendations, estimates or price targets) without first obtaining express permission from an authorized officer of BofA Securities.
Materials prepared by BofA Global Research personnel are based on public information. Facts and views presented in this material have not been reviewed by, and may not reflect information
known to, professionals in other business areas of BofA Securities, including investment banking personnel. BofA Securities has established information barriers between BofA Global Research
and certain business groups. As a result, BofA Securities does not disclose certain client relationships with, or compensation received from, such issuers. To the extent this material discusses
any legal proceeding or issues, it has not been prepared as nor is it intended to express any legal conclusion, opinion or advice. Investors should consult their own legal advisers as to issues of
law relating to the subject matter of this material. BofA Global Research personnel’s knowledge of legal proceedings in which any BofA Securities entity and/or its directors, officers and
employees may be plaintiffs, defendants, co-defendants or co-plaintiffs with or involving issuers mentioned in this material is based on public information. Facts and views presented in this
material that relate to any such proceedings have not been reviewed by, discussed with, and may not reflect information known to, professionals in other business areas of BofA Securities in
connection with the legal proceedings or matters relevant to such proceedings.
This information has been prepared independently of any issuer of securities mentioned herein and not in connection with any proposed offering of securities or as agent of any issuer of any
securities. None of BofAS any of its affiliates or their research analysts has any authority whatsoever to make any representation or warranty on behalf of the issuer(s). BofA Global Research
policy prohibits research personnel from disclosing a recommendation, investment rating, or investment thesis for review by an issuer prior to the publication of a research report containing
such rating, recommendation or investment thesis.
Any information relating to the tax status of financial instruments discussed herein is not intended to provide tax advice or to be used by anyone to provide tax advice. Investors are urged to
seek tax advice based on their particular circumstances from an independent tax professional.
The information herein (other than disclosure information relating to BofA Securities and its affiliates) was obtained from various sources and we do not guarantee its accuracy. This information
may contain links to third-party websites. BofA Securities is not responsible for the content of any third-party website or any linked content contained in a third-party website. Content
contained on such third-party websites is not part of this information and is not incorporated by reference. The inclusion of a link does not imply any endorsement by or any affiliation with BofA
Securities. Access to any third-party website is at your own risk, and you should always review the terms and privacy policies at third-party websites before submitting any personal information
to them. BofA Securities is not responsible for such terms and privacy policies and expressly disclaims any liability for them.
All opinions, projections and estimates constitute the judgment of the author as of the date of publication and are subject to change without notice. Prices also are subject to change without
notice. BofA Securities is under no obligation to update this information and BofA Securities ability to publish information on the subject issuer(s) in the future is subject to applicable quiet
periods. You should therefore assume that BofA Securities will not update any fact, circumstance or opinion contained herein.
Certain outstanding reports or investment opinions relating to securities, financial instruments and/or issuers may no longer be current. Always refer to the most recent research report relating
to an issuer prior to making an investment decision.
In some cases, an issuer may be classified as Restricted or may be Under Review or Extended Review. In each case, investors should consider any investment opinion relating to such issuer (or
its security and/or financial instruments) to be suspended or withdrawn and should not rely on the analyses and investment opinion(s) pertaining to such issuer (or its securities and/or financial
instruments) nor should the analyses or opinion(s) be considered a solicitation of any kind. Sales persons and financial advisors affiliated with BofAS or any of its affiliates may not solicit
purchases of securities or financial instruments that are Restricted or Under Review and may only solicit securities under Extended Review in accordance with firm policies.
Neither BofA Securities nor any officer or employee of BofA Securities accepts any liability whatsoever for any direct, indirect or consequential damages or losses arising from any use of this
information.

Thematic Investing | 04 November 2021

17

