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Disclaimer

This report has been co-produced by Lloyd's and Vivid
Economics for generalinformation purposes only. While care
has been taken in gathering the data and preparing the report
Lloyd's and Vivid Economics do not make any
representations or warranties as toits accuracy or
completeness and expressly excludes to the maximum
extent permitted by law all those that might otherwise be
implied.

Lloyd's and Vivid Economics accept no responsibility or
liability for any loss or damage of any nature occasioned to
any person as aresult of acting or refraining from actingas a
result of, orinreliance on, any statement, fact, figure or
expression of opinion or belief contained in this report. This
report does not constitute advice of any kind.

© Lloyd’s 2020
Allrights reserved

About Lloyd's

Lloyd'sis the world's specialistinsurance and reinsurance
market. Under our globally trusted name, we act as the
market's custodian. Backed by diverse global capital and
excellent financial ratings, Lloyd's works with a global
network to grow the insured world - building resilience of
local communities and strengthening global economic
growth.

With expertise earned over centuries, Lloyd'sis the
foundation of the insurance industry and the future of it. Led
by expert underwriters and brokers who cover more than
200 territories, the Lloyd’'s market develops the essential,
complex and criticalinsurance needed to underwrite human
progress.

About Vivid Economics

Vivid Economics is a leading strategic economics
consultancy with global reach. We are a premier consultantin
the policy-commerce interface and resource- and
environment-intensive sectors, where we advise on the most
critical and complex policy and commercial questions facing
clients around the world. We enjoy close partnerships with
clients who are large industrials, institutional investors,
government departments, banks and private equity firms,
non-governmental organisations, international financial
institutions, law firms and strategic advisory firms. We strive
to create lasting value for our clients, both in government and
the private sector, and society at large.
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Executive summary

This report provides a strategic overview of the potential
effects of the low carbon transition on the generalinsurance
market. Vivid Economics and experts from the London
School of Economics Grantham Research Institute were
engaged by Lloyd’s to review the effects of decarbonisation
scenarios on sectors and regions of the global economy, and
the attendant opportunities and challenges this poses for the
insurance sector. The work focuses on the impact of
transition and liability risks on generalinsurance, seeking
principally to understand sectoral trends up to 2030, which
willinform risks and opportunities over the next 3-5 years.

Low carbon transition up to 2030 will entail far-reaching
change across a host of key global sectors. Economy-wide
modelling carried out for this study shows that
decarbonisation on the scale required to limit expected global
temperature rises to less than 2°C leads to very significant
shifts in economic activity between sectors and regions, even
as compared to a baseline in which existing climate
commitments are followed through. A comparison with a
future where existing climate commitments are not delivered
reveals even greater shifts. Decarbonisationis driven by
regulation and policy incentives, and sustained through a
rebalancing of economic activity and widespread
deployment of low emissions technologies.

The impacts of decarbonisation on the insurance sector are
analysed in this report through three impact channels’,
consistent with the risk and opportunity framing developed
by the Taskforce on Climate-related Financial Disclosure
(TCFD). These are:

— Activities within sectors (production and
competition)

— Relationships between sectors (supply chains and
customer interactions)

— Interactions between sectors and the legal system
(litigation and liability)

Below 2°C: Insurance for a low carboneconomy

Key findings

Impacts on business sectors

The consequences of the transition to alow carbon economy
are expected to be particularly pronounced in seven business
sectors, withimplications for both existing insurance
contracts and new insurance business (see Table 7).

— Fossil fuel, where producers are expected to see
steep declinesin revenue, particularly for coal and
oil, with significant stranding of coal assets by 2030
affecting their risk profiles. The sector hasbeena
focus of lawsuits for physical climate damages,
which may increase as attribution science develops.

— Heavyindustry, which decarbonises less rapidly than
other sectors, but nonetheless sees shifts ininputs
and technological processes in certain subsectors,
with greater electrification of processes and
recycling of inputs. The future regulatory treatment
of heavy industry is subject to particular uncertainty.

— Airand marine transport, where, in the absence of
viable low carbon technologies, the short-term effect
of decarbonisationis principally that of slowing the
growthindemand. For marine, there is a particular
shiftinrisk due to changes in the composition of
cargo demand, as fossil fuel trade declines.

— Road transportis expected to see the widespread
adoption of electric vehicles (EVs) inurban areas by
2030, which are more reliable but also more
expensive to repair than internal combustion
engines. EV technology, whichis relatively low cost
at high mileage, can complement the emergence of
autonomous vehicles and pay-per-use models of car
use, both of which are expected to change the
nature and allocation of risks.
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— The power sector willundergo radical change, with rapid growth in renewable generation, supported by new contractual
relationships between suppliers, users and networks to manage intermittency. Fossil fuel generators are expected to
remain a focus of litigation against physical damages they may have been caused by the emissions they have generated.

— Agriculture is not expected to undergo fundamental transformation before 2030, though increasing pressure on land
resulting from population and income growth is expected to be compounded by demands for biomass.

— Construction and the built environment will see decarbonisation driven by regulatory standards, giving rise to liability
risks related to disclosure and compliance. Decarbonisationis expected to accelerate the spread of off-site
construction techniques, which affects both the level and allocation of risks.

Table 1: Heatmap of sectoralimpact

Productionand Supply chainand Transition-related litigation and liability risk
competition customer interactions
shiftin sectorrevenueor  shiftin either the sector’s
deployment of new customer base, suppliers
technologies or nature of interactions.
10-30%
Fossil fuels
Heavy indust 10-30% 10-30% Significant increase in the risk of litigation in at least
W v one of the five areas listed in Figure 2.
Aviation & marine 10-30% 10-30% No significant increase.
transport
10-30% Significant increase in the risk of litigation in at least
Road transport . . L
one of the five areas listed in Figure 2.
Power
Agriculture <10% <10% No significantincrease.
. <10% 10-30% Significant increase in the risk of litigation in at least
Construction

one of the five areas listed in Figure 2.

Source: Lloyd'’s and Vivid Economics, 2020

Impacts on insurance

These sectoralimpacts will lead to shifts in the overall size of insurance markets, with some growing and others shrinking, and will
change insurers’ underlying risk profiles. The insurance impacts of low-carbon transitions are expected to be particularly
pronounced in seven sectoral areas and ten lines of business, with implications for both existing insurance contracts and new
business opportunities.

Table 2 (below) maps the likely effects of decarbonisation of sectors onto insurance business lines, setting out in relative terms
expected shifts in market size, changes in claims under existing contracts, and the scope for potential new contracts to manage
emerging risks. The table highlights material changes in all business classes, with the most radical shifts expected in energy,
motor, credit, financial guarantee and casualty

Below 2°C: Insurance for a low carboneconomy
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Table 2: Heatmap of the transition impact on major insurance business classes by 2030

Class of business

Existing contracts

New contracts

Insurance demand and size

Energy - fossil fuel

Asset stranding and liabilities from

Introduction of carbon capture

Decline in sectoral size due to

change litigations

production sites will have impact z:g:gsess andco-firing with product demand contractions l l l
—renewables Evolving regulations and business Risks in power purchase Growthin sectoral size due to
models agreements can be better insured move away from fossil fuels T T T
Aviation Performance of new fuels unclear Limited change in technology pre- Se‘ctoral slowdown due to modal l l
2030 shift
Marine Risks fromretrofitting ships, new Handling of new fuels and cargo Unclear: slowdown but risks _
fuels and cargo types types emerge with new fuels and cargo
Motor Internal combustion engine driven New business models involving Unclear: growth varies across _
moreinrural areas electric vehicles and pay-per-use vehicle types and usage
Construction Perils change, but impact on claims Tighter building standards and Retrofits and new materials; but
isunclear energy efficiency requirements offsite construction lowersrisks T
Credit, financial guarantee and M&A . _— . New sources of revenue risks New technical and business
Profits and business interruption faced by various businesses environments require insurance T T
Property Perils change, but impact on claims Changes in supply chains require Unclear:changesinexposurevary| _
isunclear insurance for properties alot by property type
Product liability and recall Liabilities from energy efficiency and New liabilities associated withlow New technologies and fuels
sustainability standards carbon products require insurance T T
Other liability Increasing pressure from climate Provide cover for climate change Magnitude of risks increases
related settlements and litigation expected toresultin growth T T T

Notes: For existing contracts and new contracts, the darker the shade of red, the greater the magnitude of changes. These could be positive or negative from the
perspective of insurers. For insurance demand and size, upward arrows suggest an increase and downward arrows suggest a decrease.
Source: Lloyd'’s and Vivid Economics, 2020 Source: Lloyd's and Vivid Economics, 2020

In-depth analysis by business sector

As part of this research, Lloyd’s has also published five sector deep dives (available as a separate report) that draw out
implications from decarbonisation for insurersin greater detail. The case studies look at arange ofimpacts on various
stakeholders, including sectors that are expected to grow or decline as aresult of the transition to alow carbon economy. A
summary of the key opportunities and challenges revealed by the case studiesis set outin Table 3.

Table 3: Key opportunities and challenges identified in the sector deep dives

Opportunities Challenges
Coal Products to support repurposing of assets Reputational factors
for carbon capture and storage (CCS) and Decline in market size
biomass generation Uncertainty of liability insurance for CCS
Liability insurance for physical damages and physical damages
Marine Increased hullinsurance premiums as Decline in fossil fuel market
vessels adopt new technologies Uncertainty over technological / regulatory
Liability insurance for regulatory risks pathways and risks
Biofuels Support investment by assisting producers Uncertainty over regulatory pathways
in managing supply chain and regulatory Reputational concerns related to food
risks security and water use
Solar Growthin demand for existing products Pressure on risk management standards
Support emergence of ‘prosumers’, new Growth in domestic and small commercial
power purchase agreement contracts, new players rooftop installations with lower
contractual relationships with grids insurance demand
Construction Reduction in attritional losses Uncertainty over division of liability between

Increase in regulatory and liability risks

manufacturers and contractors for modular
build

Source: Lloyd’s and Vivid Economics, 2020
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Impact by region

The report also looks at the impact of decarbonising on the
world. The findings are summarised as follows.

North America

Transitionimpactin North America will vary significantly
depending on state and provincial legislations. In particular,
California is notable for its commitment to become carbon
neutral by 2045. This has come with policy actions across
several key areas, including incentives for distributed, self-
generated renewable energy, funding for electric vehicle
infrastructure and support for the development of microgrids
(asmall network of electricity users with alocal source of
supply thatis usually attached to a centralised national grid
butis able to functionindependently). Climate-related
litigation and liability risks are increasing in the US in general.
There are more than 1,000 such cases inthe US to date
compared to 300 in the rest of the world (Sabin Center for
Climate Change Law, 2019).

Europe

Climate legislationis proceeding rapidly within the EU,
although national policies will determine the extent of
transitionimpact in different countries. This is expected to
accelerate the policy-driven transition impact across all
sectors, but particularly in the energy and buildings sectors.
Momentumiis also building for an EU-wide net zero target,
with the support of several countries including France, Spain,
Belgium and the UK.

Latin America

Water scarcity regulations in Argentina, Boliviaand Chile
could constrain the supply of lithium, akey input to batteries,
which are used in various low carbon applications, such as
electric vehicles and renewable energy storage. Exportersin
Colombia and Brazil can expect sharp shiftsin the level and
composition of demand for coal and biofuels. Colombiais
Latin America’s largest exporter of coal, with more than half of
its coal exports heading to the US. As global demand for coal
declines, albeit at a slower pace in the US, coal mines within
the country will face increasing financial pressure. Meanwhile,
Brazilis the world’'s second largest exporter of biofuels after
the US. Companies in or dependent on biofuels could
demand greater insurance to cover technology, regulatory,
litigation and supply chain risks.

Below 2°C: Insurance for a low carboneconomy

Asia Pacific

Developing economies in Asia Pacific will continue to be the
largest market for renewable energy. China already has the
largestinstalled capacity in solar and wind generation, at 175
GW and 184 GW respectively in 2018, or roughly 30% of the
global installed capacity in both technologies. Although China
will still dominate the market for both solar and wind power
this decade, growthin Indiaand ASEAN countries is
expected to catch up gradually over time. Off-grid solaris a
much more popular option for remote areas that lack a grid
infrastructure, so the insurance required for off-grid solar
power could be a significant opportunity for insurers who can
accurately price the variety of risks faced by residents and
businesses.

Australasia

Despite often being considered together, Australia and New
Zealand have taken remarkably divergent paths on climate
policy. While New Zealand has set a target of Net Zero
emissions by 2050, Australia, one of the world’s largest per
capita green house gas emitters, has notimproved onits
climate policy since 2017 and is unlikely to meetits 2030
target set under the Paris Agreement (UN Environment, 2018).
Nevertheless, both countries have seen a significant number
of climate related litigation cases, which may increase
demand for liability insurance products. In terms of sectors,
Australiais the world’s largest coal exporter, with
considerable assets and reserves at risk of stranding under a
low carbon transition. At the same time, Australiais one of the
world’s reserves of lithium, demand for whichis expected to
grow significantly in line with battery technology.

Middle East and Africa

Many economiesin the Middle East and Africa are relianton
exporting minerals and oil and will therefore experience
significant transitionimpact despite the lack of stringent
climate policies. Insurance can support companiesin
adapting to the new operating environment transferring risks
associated with political instability and supply chain
interruption. The expansion of solar is expected to be
particularly pronounced in Africa, where offtake (the risk of
not getting paid for the power output) and regulatory risks are
more pronounced, and off-grid solar power is expected to
account for arelatively large share of investment.
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Opportunities and challenges for insurers

Overall, the transition to a low carbon is an opportunity for insurers to help manage new risks and supportinvestmentin
expanding low-carbon sectors. Insurers could grow their business in new markets, throughiits risk expertise, innovation
commitment and ability to price uncertainrisks. These include:

— Regulatory risks. Global decarbonisation depends to alarge extent on policies and regulations, which are uncertain and
vary over time and between regions. Regulatory risk, which can affect company revenues and liabilities, is therefore
pervasive across growing and declining sectors, as well as sectors such as marine, where its size makes it unlikely to be
sensitive to policy. Key challenges for insurers in meeting this demand include designing and pricing contracts, given the
uncertainty over future regulatory pathways, and the high potential costs of regulatory changes that may render existing
business activities illegal.

— Project finance. In growing low-carbon sectors, such as solar and biofuels, as well as those such as coal where there is
scope for existing assets to be repurposed, significant new investment can be unlocked through reduced regulatory,
counterparty, and technology risks. In these sectors, insurers can play a significant role in supporting the transitionto a
low carbon economy and acting as business enabler.

— Riskallocation. Another way in which insurers can facilitate the transition is through proactively supporting the
development of efficient contracting and risk management standards, which in turn can underpin the development of
new insurance markets. Thisis relevant in sectors where new low-carbon technologies are set to be deployed, such as
in marine transport and construction, and where new supply relationships are expected to emerge, such as solar power
and electric vehicles.

Key challenges for insurers stem from rapidly changing risk profiles and structural changes to several business sectors,
including:

— Risk management, where traditional ways to set premiums may no longer be as effective. For example, in solar power, it
has proved difficult to maintain risk management standards as the sector engages inexperienced suppliers to keep up
with growing demand.

— Reputation management. Shifting public attitudes can present a barrier to offering insurance. This has already been
observed in coal, where more than a third of reinsurance providers no longer offer services, but it could affect other
sectors that are rapidly decarbonising. Pressure from investors and environmental groups could be significant and might
impact on companies’ reputation and their own ability to attractinvestments. Increased pressure from insurers’ own
investors on climate issues could result in stronger internal mandates to drive progress on managing climate-related
risks and opportunities.

— Market structure. Changes inrisk profiles between areas covered by different business lines may cause insurance
providers to lose market share, for example as the economy’s move towards alternative energy sources, such as
biomass, the relative importance of cargo transported will change and withiit, the risk profile of global trade.

— Misaligned horizons. Insurance policies are typically 12-36 months long (with some key exceptions) with strategy and
capitalisation decisions often relatively short-sighted, while climate change impacts and adaptations will materialise over
alonger period of time.

— Lackof climate-related data and tools specific to underwriting portfolios. Insurance analytics for environmental, social
and governance (ESG) factors are typically less advanced thaninvestment portfolio tools. Climate data generally suffers
from quality and availability issues, and many models do not integrate forward-looking projections.

— Uncertainty. This may lead to mispricing of certain regulatory, technological and liability risks.

Below 2°C: Insurance for a low carboneconomy
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Next steps for insurers and brokers

This report analyses some of the most significantimpacts of
decarbonisation oninsurance across key business lines and
onkey business sectors over the next 3-5 years. These
impacts are likely to be caused by global policies and
regulations aimed at reducing emissions. These will change
the economics of multiple sectors and regions and will
change how insurers use technology and designinsurance
contracts. Implications of alow-carbon transition include
changes indemand for insurance, changes to the number of
claims under existing contracts and significant opportunity to
develop new products, fuelled by increasing demand. The
report shows that allinsurance lines could be affected, with
particularly radical changes anticipated in energy, motor,
credit, financial guarantee, M&A and casualty.

There are anumber of actions insurers could take to prepare
themselves and their customers for the transition. These
include the followings.

Insurers should work with brokers and policyholders to build
anew generation of climate-supportive products and
services, and foster demand by actively sharing their
knowledge of climate risk. This will encourage insurers to
think about risk mitigation and how they adapt to the
transition to a low-carbon world, enabling them to build an
insurance ecosystem that supports the ‘green economy’

Insurers and brokers will need to respond to decarbonisation
strategically if they are to meet clients’ evolving needs and
help them make the transition to alow carbon world. This will
involve activity in three areas:

— Engagement with existing insureds
— New product development
— Evolution of strategic responses to climate change

These activities will promote the important role insurance can
play in managing transition risks and thereby reducing the
cost of the transition.

Increased customer engagement can ensure insurers will
continue to support effective risk management despite
changing risk profiles. The benefits of speaking with risk
managers and brokers is twofold. It canincrease insureds’
awareness of the changes to their risk profiles and
associated insurance premiums, allowing them to prioritise
the issues they face appropriately and adapt their risk
transfer approach accordingly. It can also help underwriters
take a holistic view of their clients’ risk management
strategies, and thus understand how they can add value in the
context of transition. This might be through greater tailoring
of products - for example, hullinsurance tailored for more
energy efficient ships - or through contracting or behavioural
standards that can underpin better value insurance.

Below 2°C: Insurance for a low carboneconomy

Insurers and brokers will need to design new products and
services to make the most of the opportunities set out in this
report. New insurance products will help insureds to manage
increasing regulatory risks and to ramp up investmentin
growing sectors, such as renewable energy and biofuels, and
new technologies, such as carbon capture and storage.
Insurers could develop new products with customers to
understand demand as well as technology providers to
understand what technical standards are feasible. A
coordinated approach can be valuable where products span
multiple business lines: for example, regulatory risks may be
relevant for financial lines and casualty.

Insurers and brokers will also need to start considering the
impact on climate change created by their products and
services. They will need to align their operations with the UN’s
2030 Agenda for Sustainable Development and its 17
Sustainable Development Goals.

Insurers and brokers will need to build a strategic response to
climate change. Thisreport has established a conceptual
framework for tracing the impacts of transition through the
global economy to insurance markets. The insurance market
will be able to develop further their strategic response to
climate change by:

— Participating in climate-related collaborative
initiatives such as ClimateWise and starting to use
the TCFD framework to develop climate decisions

— Raising awareness and engaging with senior
decision makers on climate-related risks and
opportunities in underwriting and operations, as well
as taking a holistic approach to climate-related
issues across departments and portfolios

— Exploring the use of climate-related data and
forward-looking climate scenarios for risk and
pricing models to show how decarbonisation can
affect premiums for specific insurance products;
including climate change within investment
strategies and increasing low-carbon investments.

Insurers and brokers willneed to carry out further analytical
work and develop of climate-related underwriting and
portfolio management tools. Having identified key impact
channels and priority opportunities and risks, quantitative
analysis can project the effect of decarbonisation on key
insurance lines and can help develop more focused
strategies for insurers within certain market segments. As
countries such as the UK, Sweden and Norway pledge to
achieve net-zero emissions targets by 2050 or sooner,
stronger emphasis will be put on clearer paths to achieve
these goal and sectors will decarbonise faster, providing
insurers opportunities to enable companies to do soin a safe
way. More detailed analysis can quantify the effects of these
pathways on contract volumes and premiums - looking
beyond the traditional one-year horizonin order to anticipate
and respond to future market trends.
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This can supportin depth engagement with risk managers to
develop appropriate standards and new products to meet
emerging needs.

With mandatory Task Force on Climate-related Financial
Disclosures-aligned (TCFD) requirements becoming more
likely across regionsin the coming years, insurers and
brokers should also start formulating their climate strategies
as environmental risks become increasingly financially
material. The TCFD Framework and insurance initiatives such
as the ClimateWise Principles will help insurers to develop
company-wide climate strategies and holistic thinking on
climate-related issues, which willin turnimpact product
development and underwriting.

In conclusion, the transition to alow carbon economy will
need to be managed carefully by both insurers and their
customers. While there are a number of challenges to
overcome, insurers can play animportant role in helping
businesses make the necessary changes and develop new
insurance markets as aresult.

Below 2°C: Insurance for a low carboneconomy
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1. Introduction

Background and objectives

Recent calls for greater climate action will require rapid and
far-reaching structural changes to the global economy. The
2015 Paris Agreement sets out a policy framework and
process that could trigger a global response to limit global
warming to well below 2°C.Under the agreement, 185
countries have pledged to report and curb emissionsinline
with their Nationally Determined Contributions (NDCs).

Climate policies agreed during the
2015 Paris Agreement are estimated
to result in between 2.6°C and 3.4°C
of warming, way above the limit of
2°C.

Arange of climate policies have been legislated on major
emitting sectors including power, industry, transport and
buildings. These policies include carbon pricing, subsidies
for low carbon technologies and innovation, and command
and control regulations to outlaw carbon intensive
practices. However, various studies assessing current
pledges estimate that they are limited to result in between
2.6°C and 3.4°C of warming by the end of the century, well
above the 2°C target. In 2018, the Intergovernmental Panel
on Climate Change (IPCC) Special Report on the impacts of
global warming of 1.5°C highlighted the urgency of strong
climate action. The report emphasised the significant
differences in physicalimpacts between the 1.5°C and 2°C
pathways, as highlighted in Table 4. Reaching this ambitious
target would require much more disruptive policies, such as
the forced retirement of coal-fired power plants and the
rapidly accelerated adoption of low carbon technologies,
including renewable energy, smart grids and electric
vehicles (EVs). Such alow carbon transition could transform
competitive landscapes and supply chains across the global
economy.

Low carbon transitions therefore present risks and
opportunities for insurance underwriters. The widespread
Regulators are pushing for greater consideration of climate-
related risks and opportunities by insurers.
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structural changes in the economy expose businesses to
new types of risks and influence value chains and
productive processes, which in turn can alter their demand
forinsurance and the cost of providing insurance. For
example, some companies that are traditionally outside of
the energy sector are now investing in renewable energy
projects and hence may face liability risks when supplying
electricity to the grid. Underwriters who understand and
cater to this evolving demand could benefit from the low
carbon transition. More broadly, as momentum around
climate grows, insurance company clients and investors are
taking a greater interestin the way climate-related risks and
opportunities are managed. As this intensifies, insurers will
face increasing pressure to understand and plan around the
effects of low carbon transitions for their business.

Table 4: The global impact of climate change at different
degrees of warming

Impact 1.5°C 2°C 3°C 4°C

Sealevelrise by 2100 48cm  56cm / 0.5-2m

Increase in ocean
+9% +24%

acidity by 2100

Probability of anice-free

arctic summer inany 3% 16% 63%
oneyear

Average warming 2.4- 3.2-

across drylands 3.0°C 4.0°C

Average drought length 2 ‘4 +10
(months)

Proportion of mammal

species losing 50% of 4% 8% / 41%
climate range

Global population

exposed to extreme 700m 2,000
heatwaves at least once m

every 20 years

Annual flood damages

(US$) 102tn  11.7tn

Reductionin global GDP

9 0
per capitain 2100 8% 13%

Data for 3°C and 4°C not always available.
Source: Carbon Brief (2018), Nicholls et al. (2011), Weber (2018)
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Although there is a growing evidence base for climate-
related risks, many companies fail to account for climate
change and systematically underestimate itsimpact on
investments.

Driven by concern on the stability of the financial system,
G20 Finance Ministers and Central Bank Governors asked
the Financial Stability Board (FSB) to review how the
financial sector can take account of climate-related issues.

In 2015, Prudential Regulation Authority (PRA) launched its
first report about climate change, providing a framework for
considering the risks arising from climate change through
the lens of the PRA’s statutory objectives in relation to
insurers. This has developed into regulatory guidance on
strategies to manage climate risks, whichinclude stress
tests for general and life insurers (PRA, 2019).

Environmental, Social and Governance (ESG) ratings have
also risen in popularity among investors and customers who
have started focusing more heavily on matters of
sustainability. Since 2015, credit rating agencies, including
Moody's, Standard & Poor's and Fitch Group, have been
building their capacity to better analyse how climate change
can be factored into the financial stability of companies and
governments around the world. However, rating agencies
might be miscalculating the impacts of climate change as
they are taking a ‘business-as-usual’ approach to fossil fuel
investments. By not factoring in the transition risks related
to these investments, they may be overinflating the credit
ratings and value of companies that are contributing to
global warming, putting investors at risk, and opening
themselves up to potential legal liability (Moodie, 2019).

In 2017, the Task Force on Climate-related Financial
Disclosures (TCFD) published a report to set out
recommendations for investors, lenders, and insurers. The
TCFD recommendations urge companies to use scenario
analysis to assess and disclose the ‘actual and potential
impacts’ of climate-related risks and opportunities on their
business as well as how they manage them, as further
detailed in the Box on page 14.

Below 2°C: Insurance for a low carboneconomy

The objective of this study is to understand and prioritise the
impacts of low carbon transition on property and casualty
insurance underwriting. This report differs from existing
literature by focusing on the impact of transition and liability
risks rather than physical risks on underwriting: it therefore
seeks to complement studies whose focus is on physical
risks, including by Lloyd’s (2014), Deutsche Asset
Management and Four Twenty Seven (2017) and UNEPFI
and Acclimatise (2018). This report explores how policy and
technology shifts under emissions reduction scenarios
affect the size of different sectors, the way they do
business, and their exposure to litigation and liability risk,
considering two decarbonisation scenarios that represent
1.75°C and 2°C global average temperature increase by the
end of the century. The work draws out the implications of
this for the demand for insurance, the cost of underwriting,
and new types of products that could be brought to market.
It focuses on underwriting in general insurance, considering
the global implications of trends up to 2030 and the
resulting risks and opportunities for underwriters over the
next 3-5years.

The remainder of thisreport is structured as follows:

— Therestof Section 1sets out a framing, detailing three
causal channels through which transitions can affect
insurance underwriting and outlines the methodology
for estimating the transition impact onindividual sectors
along these channels;

—  Section 2 presents the results of an assessment of how
key sectors are affected by the transition to alow
carbon economy;

—  Section 3 highlights the implications of sectoral impacts
for different classes of insurance;

—  Section 4 highlights geographical variations in the
magnitude of transition and liability risks; and

— Section 5 concludes with the role insurers can play to
respond to climate change at strategic level.

As the first exercise of its kind, this report provides a
foundation to build uponin future work. Implementation of
TCFD recommendations will naturally require multiple
phases as practices evolve and new data emerges from
industry practitioners, corporates, policymakers and
climate modellers.



1. Introduction

>

Task Force on Climate-related Financial Disclosures (TCFD) and
ClimateWise

In 2015, the Financial Stability Board (FSB) established the TCFD an industry-led task force to develop clear
recommendations for voluntary climate-related financial disclosures, and provide decision-useful information to
lenders, insurers, and investors. The TCFD’s 31 members were chosen by the FSB to include both users and
preparers of disclosures from across the G20’s constituency covering a broad range of economic sectors and
financial markets.

The Task Force considers the physical and transition risks associated with climate change and what constitutes
effective financial disclosures across industries. The recommendations apply to financial-sector organisations,
including banks, insurance companies, asset managers, and asset owners, and are designed to be adoptable by all
organisations and jurisdictions.

The recommendations are structured around four key themes: governance, strategy, risk management and metrics
and targets. The governance theme recommends companies disclose the extent to which boards and management
oversee climate-related risks and opportunities. The strategy theme encourages companies to assess the materiality
of climate change to their business including through forward-looking scenario-based analysis and to disclose on
their exposure to climate-related risks and opportunities. The risk management theme recommends companies
report on their integration process for identification, assessment and management of climate risks and opportunities
into their existing risk management frameworks. For metrics and targets, institutions are encouraged to include
climate-related metrics and to set targets aligned with the material risks and opportunities identified through the
process in regular financial reporting.

Lloyd's has been voluntarily disclosing against climate-related risks since 2007, when it became one of the founding
members of ClimateWise. Over 30 insurance companies are members, including ten managing agents in the Lloyd's
market. The ClimateWise Principles guide members’ contributions to the transition to a low carbon, climate-resilient
economy and integrate a response to the climate risk protection gap — the growing divide between economic and
insured losses — across their business activities. Part of ClimateWise membership obliges members to report
annually on their individual actions, allowing members to benchmark progress against their peers. An annual, public
review highlights the overall progress being made by the ClimateWise community. From 2019, the new ClimateWise
Principles — aligned fully with TCFD recommendations — came into force. ClimateWise members have been at the
forefront of climate-related disclosure for over a decade, voluntarily reporting against a large part of the TCFD
recommendations. It is therefore a natural progression to align with the recommendations without losing the
elements of ClimateWise reporting that fall outside the scope of TCFD (such as in informing public policy) to
demonstrate the leadership shown by members.

Below 2°C: Insurance for a low carbon economy
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Impact channels

This report considers three ‘impact channels’ through which low carbon transitions could affect sectoral outcomes - and thus the
demand for and cost of insurance, asiillustrated in Figure 1.

Figure 1: The three impact channels examine transition impacts on key economic variables and insurance

Sectoral production and competition

E Key variables:
e I — Technology developments leading to

changes in inputs or key products

— Growth or decline of entire sectors
J—I— and winners and losers in each

Insurance implications:

— New technologies could change existing
insurance risk profiles or lead to demand for
new insurance products due to new risks

— Level of insurance demand could shift
with sector size

Supply chain and customer interactions

/M Key variables:
— Identities and locations of key
] suppliers
— Nature of customers interactions
< K

and relationships

Insurance implications:

— Sectoral and geographical shifts in supply
chains expose companies to different risks

— New products and contracting relationships
could change the nature of insurance demand

Transition-related litigation and liability risk

Insurance implications:

— Insurance exposure to climate-related
related to physical impacts, contract litigation could offer opportunities for new
disputes, disclosure regulation and insurance products and expose insurers to
other areas increasing liability risk

Key variables:
— Increase in climate-related litigation

Source: Lloyd’s and Vivid Economics, 2020

As new supply chains develop, underwriters will
account for different types of counter-party risks,

Theimpact channels are:

— Production and competition. Tightening climate policies

and the emergence of low carbon technologies can
have adirectimpact on production and profitability
within sectors. Examples include policy requirements
to phase out of coal power generation to incentive
policies to encourage the uptake of biofuels and EVs.
These transitions will affect the size, concentration, and
deployment of technologiesin a variety of sectors. This
in turn might affect the demand for various specific
types of insurance and the nature and magnitude of
risks faced by companiesin sectors.

Supply chain and customer interactions. As well as
affecting the size and configuration of different sectors,
low carbon transitions have impacts on the ways
sectorsinteract with each other. Changesin product
demand and business models can lead to shiftsin
customer bases and the contractual relationships that
underpin sales: for instance, the growth of modular
construction toimprove energy efficiency will entail a
greater share of off-site manufacturing where building
components are pre-fabricated by contractors.
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including political risks associated with obtaining raw
materials from certain jurisdictions.

Transition-related litigation and liability risk. Regulatory
interventions under low carbon transition are likely to
create ahost of new reporting and compliance
obligations while in some cases, companies may be
found to be liable for physical consequences of climate
change. Furthermore, the potentially disruptive
emergence of new business models may affect
litigation risks relating to advisory supportin M&A
transactions, debt defaults or bankruptcies, if the
volume of these eventsincreases. Strong growthin
patent filings for green technologies (Geary, 2018),
which are enforced through the civil legal system, may
also increase company exposure to litigation. This
report groups these issues into five distinct types of
litigation and liability risk, which are presented in Figure
2 below. Litigation risk involves not just damages claims,
but also the cost of defending litigation, the reputational
harm of being associated with such litigation and the
consequentialimpacts on operations and value.
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Figure 2: Five types of litigation cases that could be affected by alow carbon transition

Disclosure and management
— Fraud charges against emitters and
insurers

— Shareholder activism against
management

Advisory roles

— Transition-related M&As or IPOs
may result in cases on advice from
financial service companies

— Property industry professional may
be sued for negligence for not

disclosing or misleading on potential
climate change impacts to investors

Source: Lloyd’s and Vivid Economics, 2020

The three channels cover the full set of risks and opportunities outlined in the TCFD recommendations, as illustrated in Table 5.

Physical damages

O
C:)’ P
da
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%

— Prominent cases to date seek
payments of physical climate change
damages from both carbon emitters
and their financers or insurers

Regulation and permits

— Cases seeking to uphold
environmental regulation against
individual projects

Intellectual property

— Rapid low carbon technology
market growth and patenting could
lead to IP disputes in court, whether
over corporate licensing, or public
disclosure of green IP

The classification framework for climate-related risks and opportunities set out by TCFD is designed for individual companies to

examine their own exposure, whereas the three channels identified for this report serve to provide an analytical framework to
differentiate the various types of transitionimpacts at the sector level. For further information on the TCFD recommendations,

refer to the Box on page 14.

Table 5: The three impact channels comprehensively cover TCFD’s risk and opportunity categories

TCFD Description Production and Supply chainand Transition-related
framework competition customer litigation and liability
categories interactions risk
Risks Policyandlegal  Risk from constraining/ v
promoting policies and climate-
related litigation claims
Technology Risk from impacts of emerging v v v
technologies on demand,
consumer behaviour, etc.
Market Shifts in supply and demand for v v
some commodities, products or
services due to climate risk
Reputation Changing customer perceptions v v v
of organisational contributions to
climate change
Opportunities Energy source  Major developments toward v v
cleaner energy sources
Products and Low-emission products and v v
Services services that serve new markets
Markets New types of assets and shiftsin v v

existing market size and
structure, new markets

Source: Lloyd’s and Vivid Economics, 2020

Below 2°C: Insurance for a low carboneconomy
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Technical methodology

The findings presented in this report are based ona
quantitative analysis of each sector with respect to the
three impact channels, desk-based research and expert
interviews to substantiate this analysis, and detailed case
studies that seek to draw out practicalimplications for
participants ininsurance markets. This section briefly
outlines the technical component of the methodology and
how it was supplemented by qualitative research. Appendix
1explains the analytical work in more depth.

Quantitative modelling

The quantitative analysis is performed using the Net-Zero
Toolkit, a proprietary model developed by Vivid Economics
to assess the impact of decarbonisation scenarios on
economic sectors and individual companies. For this
analysis, the Net Zero Toolkit modelled the effects of low
carbon transitions on 2,500 publicly listed companies
across 137 sectors. It operated in three stages: scenario
selection, value stream modelling and derivation of
company and asset levelimpacts.

Step 1: scenario selection

ThelEA’s Energy Technology Perspectives (ETP)
scenarios are key inputs to the model, corresponding to
commonly used scenarios for policymakers and business
leaders. Three decarbonisation scenarios of various
strengths form the basis of this work:

— thelEA'sETP Reference Technology Scenario
(RTS), which acts as abenchmark scenario,

— the 2°C Scenario (2DS) that lays out a pathway that
limits emissions to levels that give a greater than
50% chance of global warming no greater than
2°C, with carbon neutrality achieved in 2100.

— AndBeyond 2°C Scenario (B2DS) that goes
further in assuming maximal deployment of current
low carbon technologies, achieving net zero
emissions in 2060, with a 50% chance of limiting
global warming to 1.75°C2,

These scenarios include projections of energy demand,
carbon prices by region and sector, and a range of
technology deployment trends. Vivid's scenario modelling
capabilities were used to project carbon prices under each
of the three scenario emissions pathways.

2 Model results are as of December 2018. Carbon budgets used inthe ETP
are based on the IPCC AR5 (IPCC, 2013), and are outdated as of the IPCC
15SR (IPCC, 2018)
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Under the RTS, countries fulfil their current NDCs to the
Paris Agreement, alevel of intervention that, while more
ambitious than a historic ‘business as usual' scenario, is not
consistent with the Paris Agreement objective of limiting
global warming to 2°C above pre-industrial temperatures by
2100.

Step 2: value stream modelling

The Net-Zero Toolkit assesses the effect of these
scenarios on the economy using three value stream models.
These bottom up models are designed to capture the major
channels through which transition risk mightimpact
companies and assets:

— Demand destruction. Under stringent climate policy,
demand for fossil fuel products will fall due to the
increasing costs associated with their emissions
intensive consumption. The demand-destruction
component of the model captures the effects of thison
oil, gas, coal and automobile producers, accounting for
asset stranding and reductions in profit margins.

— Costand competition. Allemitting companies
experience directincreases in costs due to increasesin
global carbon prices. Companies can respond to cost
increases by realising emissions abatement
opportunities or passing through costs to consumers.
Using a microeconomic model on sectoral competition
and data on financials and emissions of individual
companies in 137 sectors, these mechanisms are
modelled.

— Cleantech markets. Demand for low carbon
technologies grows in response to the shifts in their
costsrelative to traditional fossil fuels. Using data on
green patents and existing market share, the model
estimatesimpacts onindividual company growthin
cleantech markets, including renewables equipment
and EV manufacturers, as well as miners of minerals for
batteries and biofuel producers.

Step 3: company and asset-level impacts

Company and asset levelimpacts are estimated as the
difference between net present value profits under the 2DS
and B2DS relative to the RTS and aggregated to the sector
level. Profitimpacts are modelled over the period to 2050
and discounted to net present value using a standard equity
discount rate. Allimpacts under the 2DS and B2DS are
expressed relative to the RTS. As an example, if estimates
of aggregate profits under the 2DS in a sector were 30%
below profits under the RTS in 2050, the profitimpact of the
2DS would be -30%. Changes in firm count relative to today
are estimated to 2030.
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Analysis of the three impact channels for each sector draws
onthe Net-Zero Toolkit results as outlined in Figure 3.
Results on aggregate sectoral characteristics and
technology shifts, abatement potential, market
characteristics and sectoral revenue, profit and market size
impacts provide important indicators of shifts in sectoral
production and competition. Analysis of the supply chain
and customer interactions relies on the toolkit's data on
marginal abatement cost (MAC) curves, cost pass-through
and demand responsiveness as evidence for major
changes in supply chains or customer base. For transition-
related litigation and liability risk, model estimates of
sectoral firm closure provide anindication of the litigation
risks associated with bankruptcies and sectoral
consolidation.

Qualitative research

Qualitative research, which comprised interviews with
sectoral experts and literature reviews, supplemented the
insights generated by the Net-Zero Toolkit. It extended the
quantitative findings from the Net Zero Toolkit to relevant
aspects of low carbon transitions not covered by modelling:

—  Systemic shifts. The model does not cover systemic
changes in consumer behaviour or major technological
breakthroughs beyond currently feasible technical
developments. Desk research and expertinterviews
provide insights into potential systemic shifts.

— Abatement costs. Sectoral abatement cost curves
were constructed based on literature review and
expert opinion and identify relevant abatement
opportunities and their significance for each industry.

— Sectoral coverage. The model covers 137 sectorsin
total, with the most granular sector coverage in energy
and industry. Agriculture and land-use sectors are
comparatively underrepresented, and as aresult,
analysis of these sectors relied on literature review and
expertinterviews.

— Emergence of new firms. In the model, firms exit the
market when they have made continuously negative
profit. Entry into markets (for example in markets for
green technologies) is not modelled due to the lack of
data on potential future entrants. Markets still grow
according to the scenario specifications; however,
profits are distributed among firms already presentin
the market. Qualitative research considered the
prospects for entry by new firms.

— Climate related litigation. Although sectoral firm closure
estimates indicate the extent of litigations related to
advisory roles (through M&A and bankruptcy cases), a
key trend in the low carbon transitionis the emergence
of litigations related to other factors.

Below 2°C: Insurance for a low carboneconomy

Sectoral exposure to such litigations cannot be
captured by the scenarios used and hence are left out
of the model. A majority of analysis related to litigation
and liability risks therefore rely on desk research and
expertinterviews.

Selection of priority sectors

The quantitative analysis and initial qualitative research
process identified seven priority sectors from the 137
economic sectors covered by the Net-Zero Toolkit, where
impacts are expected to be most significant. Quantitative
indicators on the 137 sectors were summarised in a sectoral
heatmap showing high or low exposure relative to the
average across the sample. From this heatmap, 20 sectors
are selected based on: direct carbon costs, which show the
relevance of decarbonisation policies to the sector, revenue
impacts (upside and downside) and a qualitative
assessment of exposure under the 2DS and B2DS relative
tothe RTS, based on the team’s understanding of the
sector, informed by indicators such as cost pass-through
and the responsiveness of demand. These 20 sectors were
then consolidated into seven priority sector groupings, for
example, by summarising power generation, solar and wind
sectors as power. Expertinterviews and desk research
further identified agriculture and construction as two
additional priority sectors, where the Net-Zero Toolkit
outputs are unable to capture impact channels sufficiently.
Full Net-Zero Toolkit outputs for the priority sectors are
included in the Appendix where available.

The following seven sectors groupings were identified as
priority sectors:

— Fossil fuels (extraction and distribution), covering coal,
oiland gas.

— Heavyindustry, including concrete and cement, iron
and steel, and aluminium as well as growing lithium and
minerals sectors.

— Airand shipping.

— Road transport, including conventional vehicles and
EVs.

— Power,including traditional power generation (fossil,
nuclear, hydro), wind and solar generation, and
electricity transmission and distribution.

—  Construction, including heavy and home construction,
as well as activities in retrofitting existing buildings.

— Agriculture. Note the sector is not covered by the
version of the Net-Zero Toolkit used for this study.

Appendix 2 lays out the 20 sectors covered within the
priority groupings and the modelling indicators that were
used in their assessment. Section 2, which follows, provides
amore detailed assessment of the expected shifts within
these sectors.
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Figure 3: The Net-Zero Toolkit translates low carbon transition scenarios into sector and firm levelimpacts
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2.Sectoral impacts

This section discusses inmore detail the low carbon transitions across in key sector groupings that is relevant to the insurance
sector. It presents a summary ‘heatmap’, which rates the changes in each sector as ‘high’, ‘'medium’ or ‘low’ along each of the three
impact channels, before explaining in greater depth the evidence behind these ratings for each sector. Sectoral growth rates are
all sourced from the IEA’s 2017 ETP publication, unless otherwise stated (IEA, 2017).

Overview

For each sector, the significance of the three impact channels are classified as either ‘high’, ‘medium’ or ‘low’, based on the criteria
outlined below in Table 6. The criteria are quantitative for the first two impact channels and qualitative for transition-related
litigation and liability risk due to lack of available data. Each set of criteria examine the impacts of a low carbon transition on a set of
key variables. It should be noted that the model provides impact estimates for both the 2DS (2°C Scenario) and B2DS (Beyond
2°C Scenario, i.e.less than 2°C), but the following classification uses the 2DS results. The impacts for each sector are highly
similar across the 2DS and B2DS, but some exceptions exist. The sectors in which the revenue impact under B2DS are over 50%
larger in absolute terms relative to the 2DS revenue impact are: aluminium mining, automobiles, gold, EVs, minerals, iron ore and
nickel mining, oil and gas transmission and distribution, power generation, air transport and rail transport.

Table 6 below presents a summary heatmap of the relative significance of the three impact channels for each of the seven
selected sectors. The remainder of Section 2 outlines the analysis underlying the heatmap for each of the priority sectorsin
details.

Table 6: Heatmap of sectoral impact

Productionand Supply chainand Transition-related litigation and liability risk
competition customer interactions
shiftinsectorrevenueor  shiftin either the sector’s
deployment of new customer base, suppliers
technologies or nature of interactions.
10-30%
Fossil fuels
Heavy industr 10-30% 10-30% Significant increase in the risk of litigation in at least
v y one of the five areas listed in Figure 2.
Aviation & marine 10-30% 10-30% No significant increase.
transport
10-30% Significant increase in the risk of litigation in at least
Road transport . . .
one of the five areas listed in Figure 2.
Power
Agriculture <10% <10% No significant increase.
. <10% 10-30% Significant increase in the risk of litigation in at least
Construction

one of the five areas listed in Figure 2.

Source: Lloyd's and Vivid Economics, 2020
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Fossil fuels

Production and competition

Climate policies up to 2030 are set to reduce the demand for
fossil fuels significantly, leading to reduced profitability and
consolidation in the coal and oil extraction. Direct regulations
and carbon pricing will result in significant reductionsin
demand for coal and oil in the 2DS relative to the RTS over the
period to 2060. This will create downward pressure on coal
and oil prices, reduce company profitability, and encourage
sectoral consolidation. By contrast, there is limited impact on
the demand for gas up to 2030, because during this phase of
the transition it substitutes for coal and oil. In absolute terms,
the impact of decarbonisationis greatest for coal: while gas
primary energy demand is projected to grow by 9% and oil
demand to fallby 10% by 2030 in the 2DS, coal demand falls
by 40% (see Figure 4).

Expected shiftsin demand vary significantly by region. These
shifts in demand and competitive dynamics are sensitive to
policy incentives that vary across geographies. In particular,
the phasing out of coal is expected to occur the earliest in the
EU. Regional variations in climate policies and economic
growth will also rebalance fossil fuel demand towards
emerging economies. In the 2DS, the non-OECD share of
fossil fuel demand is estimated to rise from the 60%in 2014
up to almost 70% by 2030.

Supply chain and customer interactions

Changes in fossil fuel demand vary substantially between
sectors, withindustry accounting for alarger share of coal
and gas. In particular, the use of coal for electricity and heat
generation willdrop by 55% by 2030 in the 2DS. This means
that the demand for lignite, used predominantly in power
generation, falls more than other forms of coal. The share of
coal thatis consumed by industry correspondingly increases
from a current level of 31% up to 45% in 2030 under the 2DS.

Figure 4: Global fossil fuel primary energy demand

Fuel and feedstock-switching to gas by industry means that
the share of gas consumed by industry increases from 23%
up to 28% over the same period, while for oil, the transport
sector willremainits largest consumer, at roughly 75% of
global oildemand.

Litigation and liability

Fossil fuel companies appear relatively exposed to liability
litigation, the withdrawal of insurance, and litigation related to
sectoral consolidation.

— Fossil fuel companies already face lawsuits related to
environmental damages. Although there are no
successful cases so far, in the context ofimproving
scientific evidence and shifting public and political
opinion, cases such as Oakland v. BPrepresent an
increasing risk for the sector. Asis explained in Section 3,
lawsuits can be based on the carbon emissions which
fossil fuel companies generate, characterised as a form
of nuisance, trespass, negligence, civil conspiracy,
environmental laws and human rights laws. Beyond
exposure to damages claims, these cases may resultin
financial and reputational costs to companies, disruption
to operations, and enforcement of financial disclosure
requirements.

—  Environmental, Social and Governance (ESG) policies of
large insurers may make it harder for fossil fuel
extractors to purchase insurance. For instance, major
insurers have restricted underwriting further coal
projects as part of their commitments to mitigate their
impact on the climate.

— Sectoral consolidation induced by falling fossil fuel
demand willincrease M&A and bankruptcy events, which
can lead toincreased litigation against directors and
advisors. Facing reduced profitability, the Net-Zero
Toolkit estimates that up to 46% of coal firmsinthe RTS
by 2030 will exit the market under the 2DS.

RTS

Fossil fuel primary
energy demand (EJ)

2015 2030

Source: Lloyd’s and Vivid Economics based on IEA ETP, 2017
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Heavy industry

Production and competition

Although heavy industry as awhole is relatively slow to
decarbonise, some subsectors are exposed to significant

impacts from climate policies and related technological shifts.

Inthe scenarios under consideration, heavy industry is the
last sectoral grouping to decarbonise due to the lack of cost
competitive solutions that can deliver deep cuts in emissions.
Under increasing carbon prices, the cement, steel and
aluminium sectorsin particular therefore see increasesin
costs due to their high emissions intensity, but the lack of
substitutes for these basic materials meant that up to 95% of
costincreases are passed through to customers. This
provides some protection for company profit marginsin
these sectors but will still, according to estimates from the
Net-Zero Toolkit, resultin a 25-30% fallin firm countin the
2DS relative tothe RTSin 2030.

The effects on company profitability are expected to be
particularly sensitive to government policy. For a variety of
reasons, including lobbying and fears of international
competition (‘carbon leakage’ whereby emissionsin one
country is displaced to another country with looser policies),
decarbonisation policies have tended to treat industry
differently to other sectors, by exempting them from direct
regulations or allocating free allowances to companies under
emissions trading schemes (ETS).

Smaller sub-sectors such as lithium mining and minerals are
likely to benefit from alow carbon transition as they are
important inputs to battery technologies.

Figure 5: Abatement channels for heavy industry

12

Emissions (GtCO,)

0

Supply chains and customer interactions

The adoption of cleaner production methods and further
recycling are expected to change the supply chains for heavy
industry. A variety of technologies can deliver incremental
emissions reductions, such as material efficiency, fuel and
feedstock switching and energy efficiency (see Figure 5).

Litigation and liability

Heavy industry faces growing litigation and liability risks
related to low carbon transitions:

— heavyindustry has yet to be a focus of lawsuits over the
physical damages of climate change, despite their major
contribution to greenhouse gas emissions. Thisis
potentially because, relative to fossils and energy
companies, industrial companies are often smaller in size
and receive less public attention. However, as the
scientific base and public concern for climate change
grows over time, the risk of litigation could become a
pressure onindustrial companies.

— disclosure and compliance requirements imposed on
industrial activities are expected to create risks for the
sector. This is because achieving more ambitious climate
targets will require turning voluntary schemes around
energy performance and audits into mandatory
requirements.

RTS
Material efficiency

Energy efficiency
& BAT

Innovative
processes & CCS

B2DS

2015 2030

Source: Lloyd’s and Vivid Economics based on [EAETP 2017
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Aviation and marine transport

Production and competition

Low carbon transition pathways limit rather than reverse
growthin the aviation and shipping sectors, as

Figure 5highlights. In the absence of radical new low carbon
technologies, sectoral abatement in aviation and shipping will
be primarily determined by fuel efficiency improvements and
the use of drop-in biofuels.

— Inaviation, without breakthrough developmentsin
advanced biofuels, solar or electric planes, meeting an
ambitious policy targetinvolves the restriction of demand
growth, with passenger miles estimated as 22% lower in
the B2DS than the RTS in 2030. In the 2DS, up to 55% of
aviation demand in highly populated areas could shift
away from short haul flights to high speed rail by 2060. In
the B2DS, passenger kilometres in rail would be around
20% higher relative to the RTS by 2030. This transition
will create demand to upgrade existing tracks as well as
to build new high-speed tracks.

— Inshipping, activity growthis similarly expected to be
lowerin the (B)2DS thaninthe RTS. This is additionally
driven by a lower global demand for fossil fuels, which
currently comprises a third of global maritime trade.
However, long term growth is less affected thanin
aviation, with activity still expected to triple to 2060 under
the B2DS scenario.

Supply chain and customer interactions

Tightening climate policy is likely to accelerate the switch to
low sulphur bunker fuel, leading to shifts in existing supply
chains for aviation and shipping. The impact on shipping is
already felt globally as the industry prepares for the
International Maritime Organization’s 0.5% sulphur cap on
fuel content that will take effectin 2020. The shortage of low
sulphur fuel makes it expensive and will encourage some to fit
sulphur-removing scrubbers to their engines. Furthermore,
low sulphur fuels are less stable and contain compounds that
can cause greater damages to engines. The related safety
risks and maintenance costs will add to the costs for shipping.

The growth of biofuels is expected to cause further evolution
in supply chains. Aviation and shipping will be increasingly
dependent on the biofuel supply chain as biofuel becomes
the majority fuel for both air and marine transport by 2060.
However, progress to 2030 is expected to be modest:
biofuels are estimated to meet only 10% of aviation energy
consumption and less than 5% of shipping energy
consumption.

Nonetheless, biofuel demand in the transport sector in the
2DS is 68% higher in 2030 thanin the RTS. This will entail a
shiftin the distribution of fuel supply sources for marine and
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air transport because upstream suppliers of biomass are
unlikely to be the same as suppliers of ail.

Litigation and liability

The transition towards biofuels exposes aviation and
shipping companies to a new set of litigation and compliance
risks. Unlike conventional jet fuels, lifecycle emissions of
biofuels vary substantially. This uncertainty can be attributed
in part to different farming practices - more sustainable
agricultural practices resultin lower lifecycle emissions. For
some advanced biofuels that are under development, itis
even possible to achieve negative emissions, meaning that
over the lifecycle of the energy crop, carbon sequestration
outweighs emissions when used as a biofuel (EESI, 2016).
Though one would typically expect regulators to define
standards, any ambiguity could lead to compliance risks for
companiesin the sector.

Figure 5: Passenger kilometresin aviation (top) and freight
shipping energy consumption (bottom)
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Road transport

Production and competition

There is expected to be a shift towards electric vehicles (EVs)
in the road transport sector. The growth rate of EVsis
uncertain asit depends on reductionsin the operating costs
of EVs as well as policy incentives to encourage substitution
away from internal combustion engine (ICE) vehicles. In the
2DS, ultra-low or zero-emissions vehicles constitute 20% of
global vehicle stock by 2030 (bottom panel in Figure 7),
replacing a majority of vehicles in cities in OECD economies,
though ICEs continue to dominate outside of urban areas and
in developing economies. While EVs are expected to become
increasingly popular, their growth takes place in the context
of arising global stock of hybrid electric and ICEs up until
2030. Overall, the Net-Zero Toolkit estimates that profits and
revenues for the traditional automotive industry will be 16%
lower in the 2DS thanin the RTS by 2050, while those for EV
production will be 71% higher. Nonetheless, as major car
manufacturers enter the market for EVs, transitions are not
expected to cause a major shift in the make-up of the sector.

Public or shared transport is also expected to increase its
share of journeys. Beyond the electrification of vehicles,
various modes of ride-sharing, as well as public transportin
the form of rail and bus, will contribute to reducing road
transport emissions in cities. Under the B2DS, the shift
towards public transport reduce urban vehicle kilometresin
passenger light duty vehicles by 29% in 2060. This can
reduce the vehicle stock in the longer term, weakening the
demand for light duty vehiclesin particular (Figure 7).
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Figure 6: Light duty vehicle stock (top) and transport modes
by passenger kilometre travelled (bottom)
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Supply chains and customer interactions

The transition towards EVs will accelerate the development
of battery supply chains, charging infrastructure and self-
driving technologies, encouraging new business models.

— Battery supply chains: Under decarbonisation scenarios,
lithium resources and battery supplies willbe
increasingly relevant to investment decisions by the car
sector. Because EV batteries are much larger than
batteries for devices like smartphones, EVs are expected
to account for 90% of the lithium-ion battery demand by
2025 (Roskill, 2018). Currently, known lithium resources
are in Argentina, Bolivia, Chile, China and the US, while
most lithium ion battery productionis located in China,
although productionin the US and EU are also growing
(Lloyd's, 2018).

— Charginginfrastructure: the development of charging
infrastructure will demand grid reinforcements to deal
with capacity limitations. Meeting a more ambitious
climate target will therefore require relatively rapid
upgrades to existinginfrastructure. In an EV adoption
scenario by McKinsey (Engel, Hensley, Knupfer and
Sahdev, 2018) where the number of EV chargers across
the US, EU and China reach 42 millionin 2030, the
cumulative investmentin charging infrastructure is
estimated at US$ 50 billion. The types of charging
infrastructure vary across regions, with more domestic
charging expectedin the US (45%-65%) and more
public-based charging in China (80-85%) as measured
by the location of energy demand.

— New business models: EVs, which are more cost
competitive versus ICEs when run at high mileage, can
encourage a wider adoption of new business models of
shared ownership or ‘pay-per-use’. This could be
complemented by the digitalisation and self-driving
technologies that are enabled by EV usage, which have
the further advantage of reducing congestion and
emissions. The Institute for Mobility Research’s baseline
scenario sees fully autonomous vehicles reach a11-17%
share of vehicle stock by 2035 in Germany and the US
(Ifmo, 2016). This promises new business models for car
manufacturers, logistics and mobility services companies
ranging from ride hailing to fleet management. For
example, the ‘pay-per-use’ model could accelerate
amortisation of capitals costs, lower the stock of vehicles
required to meet transport demand, and enable safer
travel. Although the development of these technologies
is not completely driven by the low carbon transition,
climate policies can significantly contribute toa
favourable landscape for these technologies.

Below 2°C: Insurance for a low carboneconomy

Litigation and liability

EV producers face novel regulatory and compliance risks
around the environmental impact of battery production and
end-of-life responsibility. In Latin America, water scarcity
regulations could constrain the supply of lithium. The salt flats
that cover parts of Argentina, Bolivia and Chile hold more than
half of the global supply for lithium. However, the substantial
water resources required for the evaporation pools in lithium
extraction has come into direct competition with local
interests and received growing calls for policy intervention.
For example, Chile's General Directorate of Water recently
imposed a ban on new permits to extract water in the
Atacamaregion. Similarly, pollution from cobalt and nickel
mining has received scrutiny. In Philippines, a major nickel
supplier, the government ordered the closure of 23 minesin
2017 amidst environmental concerns. Furthermore, there is
still significant uncertainty surrounding battery lifecycle
emissions, with estimates varying by a factor of ten. Such
uncertainty introduces compliance risks to EV
manufacturers. Finally, end-of-life responsibilities for EV
batteries are not yet well established. Because EV batteries
contain materials with economic importance and
environmental risk, regulatory policies are likely to introduce
uncertainty for EV supply chains.
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Power

Production and competition

The ongoing transition away from fossil fuels and towards
renewables brings significant changes to the power sector.
Regardless of the strength of climate policy, the global final
demand of electricity will grow by around half by 2030, driven
largely by increasing economic activity in developing
countries. However, to meet an ambitious climate target, early
retirement of coal-fired plants is unavoidable, affecting
around 75% of installed capacity in 2014. Investorsin coal-
fired plants will therefore face increasing risks of asset
stranding and it remains unclear if, or how, policymakers will
compensate them. Gas-fired plants are not expected to be
stranded before 2030 given the role they play in helping
countries to move away from coal. Meanwhile, the growthin
the share of renewables in electricity and heat generationis
also sensitive to the strength of climate action: the demand
for solar and wind energy in the 2DS is estimated to be 40%
greater thanin the RTS in 2050. However, the greater capital
intensity and reduced operational flexibility of renewable
assets meansinvestorsin capacity in the sector may face
greater risks. Overall, the share of renewables used in
electricity and heat generation reaches 36% in the 2DS by
2030, compared to 24%in the RTS.

These shifts in the generation mix are expected to be
accompanied by changes to storage and network
infrastructure. Significantinvestments on existing grid
systems will be required to accommodate the higher share of
variable renewable energy (VRE), including interconnectors
to provide additional flexibility. Improved storage
technologies and active demand response are also expected
to be crucial to mitigating peak demand and reducing whole
system costs. The provision of this infrastructure hinges on
regulatory incentives, for example in the development of

Figure 7: Global final electricity demand by energy source
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capacity, leaving investors more exposed to policy risks.
Overall, estimates suggest that changing market conditions
will resultinaroughly 15-20% reductionin firm count in the
2DS t0 2030.

Supply chains and customer interactions

Technological shifts will lead to new types of relationship
between suppliers and customers in the power system.On
the supply side, the increased share of renewables in the
power system will lower the reliance on fossil fuels. The global
deployment of CCS technologies will cover 8% of gross
electricity generated by coal by 2030 and rapidly accelerate
t0 99% by 2050 in the 2DS. On the demand side, global
deployment of active demand response (e.g. smart meters to
shift consumer energy demand to off-peak hours) could
increase up to 400% by 2030. New contractual relationships
willemerge to support grid stability, for example in the case of
electricity ‘prosumers’ (e.g. technology companies that invest
inrenewable projects to supply their own energy demand).
Similarly, as storage facilities are not necessarily operated by
power companies, their role in the system will create amore
complicated market environment.

Litigation and liability

Power generators already face lawsuits related to their
impact on the climate, while liability for increasing grid
instability may lead to new exposure. As Section 3 explains,
fossil fuel power generators face significant risks associated
with climate change litigation, particularly in the US.
Furthermore, greater power systemimbalances as electricity
gridsintegrate higher shares of VRE could lead to greater
risks of negligence charges for power companies. Finally, as
in the case of the fossil fuel sector, bankruptcy and M&A
activities induced by tightening climate polices might create
litigations in the power sector.
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Construction

Production and competition

The impact of low carbon transitions on the size of the
construction sector is expected to be small, thoughitis likely
to change inputs and production techniques. The
construction sector is in a unique position compared to the
sections mentioned earlier - it does not have a significant
emissions footprint butis closely related to two important
sources of emissions: industry, through embodied carbonin
inputs such as steel and cement, and buildings, which emit
carbon principally through heating and cooling. Policies on
industry and buildings therefore create a shiftin the
construction methods and materials, rather than affecting the
overall size of the sector. This s likely to involve a shift
towards low carbon building materials, whichis a trend
reinforced by certification schemes and voluntary effortsin
the construction sector to lower embodied carbonin
buildings. Furthermore, growing regulatory requirements on
energy efficiency will boost demand for energy efficiency
retrofits,a market that is expected to grow 86% globally
between 2014 and 2023 (Navigant Research, 2014), though
the size of this market is just 1% of the global construction
sector (Orbis Research, 2018).

Supply chains and customer interactions

Although the low carbon transition does not have a material
impact on the overall size of the construction sector, it
changes the supply chain and customer base for
construction. Three shifts are particularly relevant here. The
first shift comes from the switch to low carbon building
materials, demanding resources that are not traditionally a
part of the supply chain. For example, scaling up clinker
substitution for producing low carbon cement will depend
critically on the availability of other cementitious materials,
such as coal fly ash or blast furnace slag. Similar concerns
emerge over the supply of recycled materials and timber. The
second shift is the growing popularity of modular
construction, which involves the use of prefabricated
elements. It conserves energy demand by shifting some part
of construction activities to centralised, offsite locations. This
will resultin shorter on-site construction duration and greater
dependence on contractors. Finally, shifts in customer
demands create both risks and opportunities for construction
companies, depending on their specialisation. For example, in
heavy construction, the demand for fossil fuel power plants
will fall while the demand for clean energy infrastructure will
rise.
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Litigation and liability

The growingimportance of building energy efficiency and
climate-related risk disclosure could increase exposure to
compliance and liability risks. Regulations on building energy
efficiency are expected to tighten, most notably in the EU
givenits commitment to most new buildings being ‘near zero-
energy’ by 2021 (Council directive 2010/31/EC). Engineering
and construction companies could become liable for meeting
these standards.
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Agriculture

Production and competition

Transitionimpacts on the food-oriented agricultural sector
are expected to be marginal, mostly involving the adoption of
new production methods. Irrespective of the strength of
climate policies, agricultural productionis estimated to
increase alongside population growth and rising incomes by
around 20% by 2030 (OECD/FAQ, 2015). Growthin the
demand for higher energy foods is estimated to be
particularly high due to shifts in the diets of households in low
and middle-income countries. For example, meat
consumption per capitais projected to grow by 30% by 2030
(GRAIN, 2018). However, these estimates are subject to some
uncertainty, as significant policy or preference shifts that
might affect dietary consumption, particularly of meat, are
possible (Lloyd'’s of London, 2019b).

More radical changes, such as lab-grown meat and indoor or
vertical farming, are not expected to significantly impact the
market for proteins before 2030. The consensus projectionis
that lab-grown meat will take 3-5 years to reach initial market
introduction, in the form of premium speciality stores, and
another 2-3 years for early adoption by supermarkets
(Drovers, 2017).

The regional distribution in the growth of agricultural
production will be sensitive to local policies on forestry,
biodiversity protection and land-based negative emissions,
as well as efforts to reduce trade barriers. As the
intensification of agriculture in developing countries
increases demand for inputs, low carbon technologiesin
agriculture are largely focused onincreasing crop yields. The
development of conservation agriculture and precision
agriculture will reduce emissions, but do not fundamentally
change the nature of productionin the sector.

Supply chains and customer interactions

Under transition scenarios significant demand growthiis
expected for bioenergy crops, meaning value chains will
become increasingly affected by changes in energy markets.
Energy crops act as the feedstock to the production of
biofuels, which are critical for the decarbonisation of industry,
aviation and shipping. In all decarbonisation scenarios, fuel-
switching to bioenergy is highlighted as an area for policy
action.Under a scenario compatible with a 2°C warming,
biofuel productionin 2050 will require approximately 500
million hectares of land, or 10% of total agricultural land,
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representing a fifteen-fold increase from current levels (IEA
Bioenergy, 2018). This can have a significant impact on some
food commodities. The competition for land use between the
production of food and biofuels began an active area of
debate with the rise of food pricesin 2007. The actualimpact
of biofuel supply on food prices remains contested, although
most studies have found that biofuels were a contributing
factor (Tomei and Helliwell, 2016). Nonetheless, there is clear
evidence of co-movement between soybean, cornand crude
oil prices (Zafeiriou et al, 2018). This relationship is driven by
the fact that biomass is a partial substitute to crude oil, and
that landowners decide between cultivating energy crops
and food crops by forming expectations of their relative
returns. The growinginterlinkages of agriculture and energy
markets will therefore make the supply of crops such as
sugar cane, soybean and corn fluctuate depending on the
demand and supply of energy.

Litigation and liability

Climate policies and public awareness will drive stricter
certification on sustainability, introducing liability risks for
producers and along the supply chain. To achieve ambitious
climate targets, governments in developed countries appear
likely to bring the agricultural sector under tighter certification
schemes. Inthe EU, there is a commitment to ensure reliable
accounting of emissions and offsetting between 2012 and
2030.In New Zealand, there have been calls to bring
agriculture into the emissions trading scheme. Over the
longer term, any incentive policies for negative emissions
through land-based methods such as biochar and enhanced
weathering will require monitoring and reporting standards.
Producers will be exposed to greater compliance and liability
risks as certification schemes are increasingly utilised. In
addition, public awareness of climate issues such as
deforestation and environmental degradation willdemand
greater certification of agricultural products. These could
take the form of voluntary schemes such as the Rainforest
Alliance Certified™ and Soil Association Certification, or
mandatory requirements set out by government
procurement standards or food regulators. Food retailers and
wholesalers will also place greater pressure on suppliers to
comply with sustainability standards by using their market
power. With substantial financial and reputational
consequences at stake, the liability risks related to the
reporting of sustainable agricultural practices willbecome
significant for producers.
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3.Insurance implications

This section examines how a low carbon transition and specifically transition and liability risks caused by it caninfluence key
insurance business classes by investigating impacts on insurance demand and supply across the seven priority sectors.

Changes in the competitive dynamics, means of production, supply chain and customer base of anindustry could (1) change the
size and frequency of claims on existing insurance contracts, (2) create opportunities for new types of insurance contracts, and
(3) affect the overall demand for insurance.

The section presentsinsurance implications of the sectoralimpacts discussed in the previous section. While it examines the
potential direct effects of alow carbon transition on Lloyd’s classes of business, it does not consider the effects of changing

public opinion on the provision of insurance to certain industries over others. For example, Europe’s four largest insurers have

limited direct insurance cover for coal. Some reinsurers similarly limited their cover for coal. On the investment side, a minimum of
19 major insurers have divested from coal, accounting for 20% of the insurance industry’s assets globally in 2018 (Bosshard,

2018).

The heatmap in Table 6 summarises the extent of impact on different classes of business. Energy and casualty classes are
expected to experience the most significantimpacts.

Table 6: Heatmap of the transitionimpact on major insurance classes by 2030

Class of business

Existing contracts

New contracts

Insurance demand and size

Energy - fossil fuel

Asset stranding and liabilities from

Introduction of carbon capture

Decline in sectoral size due to

production sites will have impact Etorage Sand co-firing with product demand contractions l l l
iomass
—renewables Evolving regulations and business Risks in power purchase Growthinsectoral size due to
models agreements can be better insured move away from fossil fuels m
Aviation Performance of new fuels unclear Limited change in technology pre- Septoral slowdown due to modal l l
2030 shift
Marine Risks from retrofitting ships, new Handling of new fuels and cargo Unclear: slowdown but risks _
fuels and cargo types types emerge with new fuels and cargo
Motor Internal combustion engine cars New business models involving Unclear: growth varies across _
drivenmorein rural areas electric vehicles and pay-per-use vehicle typesand usage
Construction Perils change, but impact on claims Tighter building standards and Retrofits and new materials; but
is unclear energy efficiency requirements offsite construction lowers risks T
Credit, financial guarantee and M&A Profits and business interruption New sources of revenue risks New technical and business "
faced by various businesses environments require insurance
property Perils change, but impact on claims Changes in supply chains require Unclear:changesinexposurevary|
is unclear insurance for properties alot by property type
Product liability and recall Liabilities fromenergy efficiency and New liabilities associated with low New technologies and fuels
sustainability standards carbon products require insurance T T
Other liability Increasing pressure from climate Provide cover for climate change Magnitude of risks increases
change litigations related settlements and litigation expected toresultin growth T T T

Notes: For existing contracts and new contracts, the darker the shade of red, the greater the magnitude of changes. These could be positive or negative from the

perspective ofinsurers. For insurance demand and size, upward arrows suggest an increase and downward arrows suggest a decrease.
Source: Lloyd’s and Vivid Economics, 2020 Source: Lloyd'’s and Vivid Economics, 2020
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Energy

Energy insurance covers a variety of onshore and offshore
property and liability sectors, including construction,
exploration, production, refining and distribution. Offshore
and onshore property may cover losses from physical
damage to offshore and onshore structures as well as the
associated business interruption. Liability insurance of
offshore and onshore production facilities covers operators
and workers at these facilities as well as pollution incidents.

Interms of existing relationships with insureds, contractions
in fossil fuel sectors could lead to asset stranding and raise
questions around liability for former production sites.
Demand for coal falls by 70% by 2050 in the 2DS relative to
the RTS and demand for oil and gas exploration and
production falls by 65% in the 2DS over the same period
according to Net-Zero Toolkit analysis. Stranded coal assets
can have far-reaching effects on land stability and water
resources and associated liabilities could have very long
lifetimes. Insurers in the mining sector have assessed similar
risks (Willis Towers Watson, 2019), thoughitis unclear to what
extent stranded coal assets will covered by insurance
companies in the context of recent coal divestment. In
general, where assets are mothballed or poorly utilised,
owners’ incentives to maintain them or protect them from
hazards such as fire or vandalism are weakened (in extreme
cases, they may even be incentivised to allow damages to
occur): this would be expected to increase claims under
existing contracts.

As the majority of power generation transitions towards
renewables, new insurance contracts are likely to be
exposed to more capital intensive, remote and variable
energy generation than previous contracts. Low carbon
energy sources are (on average) more capital intensive,
remote and variable than traditional fossil fuel generation.
New energy sector contracts will therefore consider
significantly differentinsured risk profiles. For example,
property insurance of offshore wind installations will deal with
the uncertainties associated with arelatively nascent
industry, ranging from the interruption of marine wildlife and
shipping paths and cabling incidents to turbine lifespans
(such as corrosion). These risks may not be currently be
sufficiently well understood to ensure risk and premiums are
balanced on new insurance contracts. Solar generation
forms one of the five case studies discussed in Section 4 and
highlights some of these impactsin greater detail. Nuclear is
similarly expected to grow significantly during alow carbon
transition. In 2060, expected gross nuclear electricity
capacity is expected to be around 50% higher in the B2DS
relative to the RTS. In contrast to solar, risks associated with
nuclear are better understood and hence not exploredin
depthin this report.
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Strong energy demand is expected to continue throughout a
low carbon transition and the composition of the market is
likely to change, with more small-scale generation resulting in
fewer large utilities. This could also represent an opportunity
to cross-sell existing insurance products, such as for solar
home generators and storage. If insurers can adjust to the
changes inrisk profiles of energy producers, the size of the
overall market should not change significantly as aresult of a
low carbon transition.

Aviation

Aviationinsurance is geared specifically to the risks involved
in aviation and can cover aircraft hull and liability, general
aviation and products liability, aviation cargo and aircraft crew
personal accidents.

The implementation of energy efficiency measures and the
partial shift to biofuels could affect risks associated with
existing aviation hull and liability insurance contracts. More
energy-efficient planes may be associated with unforeseen
risks ifinadequately tested prior to release. For example,
planes designed to be more fuel efficient can have larger
engines that affect their aerodynamics and handling in the air,
potentially resulting in unanticipated changes to risk profiles.
Similarly, use of biofuels in aviation could alter the risk profile
of planes. Toillustrate, if the alternative fuel has different
freezing points at high altitudes or other attributes different
from traditional fuels, this could affect the risk of accidents.
These changes in risk would affect underwriters of both hull
and cargo insurance.

Due to the lack of emissions abatement options, there willbe
some demand reductions in the aviation sector relative to the
reference technology pathway, which could affect the size of
the insurance market. This could reduce demand for
insurance products and lead to market consolidation.
Demand for air transportationis likely to shift partially to high
speed rail.

Marine

Marine insurance covers ship hull and liability, marine cargo,
insurance for charterers and mortgagees and crew personal
accidents.

Energy efficiency measures and the increasing use of
biofuels could affect risk profiles of existing vessels and
thereby affect ongoing contractual relationships with
insurers. Retrofitting existing ships with more energy efficient
equipment could have unforeseen consequences for hulland
cargoinsurance if these affect the risk of accidents due to
insufficient prior research or crew training. For example,
energy efficient practices like slow steaming could reduce the
risk of accidents. At the same time, switching toincreasing
use of biofuels could affect risk profiles due to potential
differences in costs of sea spillage, flammability and other
fuel-related hazards.
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On aseparate note, there is some potential for new products
from energy efficiency improvements, such as weather
derivatives where wind power is used to reduce fuel
consumption.

Shifts in supply chains and shiftin materials shipped and
routes travelled could resultin new cargoinsurance
contracts that have to consider different risk profiles
compared to today. In the long term, while marine transport of
fossil fuels — which currently accounts for a third of marine
trade - falls significantly due to demand destruction, it could
be replaced by marine trade of battery minerals, lithium and
other low carbon technology inputs like biofuels. The largest
global lithium reserves are in South America, Australia and
China (United States Geological Survey, 2017). Itis therefore
likely that global manufacturers of lithium batteries willhave to
rely on complex international, seaborne supply chains. The
different handling requirements of these new technologiesin
transit compared to traditional fossil fuels, their susceptibility
to core hazards like fire and the environmental repercussions
associated with their sinking will all have to be considered and
reflected in new cargoinsurance contracts. As an example,
lithium batteries have been classified as dangerous goodsin
transport due to their corrosive, flammable, toxic and
explosive properties, which underimproper handling can
resultin fires, explosions and release of harmful chemicals
into the environment (Huo et al, 2017).

While some reductions in marine transport activity are
expected due to the decline of fossil fuels, there is potential
for new cargo, technologies and routes which should
maintain a different, insurance market, but similar in size.

Motor

Motor insurance covers losses arising from physical
damages to a motor vehicle and the legal liability for third
party damages of the vehicle owner or driver.Insurance can
be taken out onindividual vehicles, fleets, or vehicles in stock
or repair.

Large scale deployment of electric vehicles (EV) in the
automobile sector affects a multitude of risks underlying
existing insurance contracts, including accident liability, theft
and breakdown. On the one hand, thisis due to the difference
in directrisks to EVs compared to internal combustion engine
(ICE); on the other hand, environmental factors will play an
important role in determining relative exposure. In terms of
directrisks, EVs require less frequent maintenance and break
down less often, however, repairs require more technical
skills than required by ICE repairs, and thus tend to be more
expensive. Environmental factors could include the shift of
ICEs to predominantly rural transportation, while EVs
become the majority share of urban vehicles. This reduces
the exposure of ICEs to collision and theft risk but may
increase other risks depending on the rural area, as well as
repair costs for more remote locations.
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A transition to EVs could also be coupled with pay-per-use
transport models and driverless vehicles, which will create
opportunities for new types of insurance contractsin the
sector. Interactions between automobile manufacturers and
their customers are expected to undergo significant changes.
These include anincrease in pay-per-use transport, which
may lead to demand for more customisable, short term
insurance products based on a pay-as-you-drive model, or
potentially insurance in bulk provided to rental companies
rather thanindividual drivers. Similarly, increased use of EVs
could happenin parallel to a transition towards driverless
vehicles, which may lead to reduced accidents from improved
safety and could present opportunities for professional
liability insurance for manufacturers. These shiftsin
consumer behaviour would be expected primarily in urban
areas in developed countries, where the share of EVs is
projected to grow the fastest under the 2DS.

The overall motor insurance market size is unlikely to be
significantly affected by the transition. Demand for road
transportis not expected to change significantly under
transition scenarios, but some of this demand, particularly in
urban areas, will shift toward public and alternative
transportation.

Construction

Constructioninsurance covers risk of damage by perils to
contract works, associated property, machinery and plants. A
prominent type of constructioninsurance is Contractors’ All
Risk (CAR) cover, which covers all phases of construction for
all project types, including buildings, civil engineering and
general construction work. This flexible cover provides
protection against any damage that occurs within the
construction process, be it to property or third parties.

Susceptibility of construction assets and workers to key
perils could change as the sector adopts low carbon
construction materials such as timber, though such
substitutionis not expected to be widespread. Considering
the decarbonisation trajectory of industry under a low carbon
transition, some lower-carbon construction materials are
likely to become more widely employed, which could affect
the vulnerability of construction to a range of perils. For
example, substituting timber for cement in construction could
increase fire risk. However, the scope for this is likely to be
small provided building regulations advance and the industry
develops more reliable materials, such as cross laminated
timber.

Separately, the trend of moving away from onsite
construction towards offsite constructionis likely to reduce
the overall level of risks in construction because more
processes will be performed under highly controlled
environments. At the same time, the value of pre-fabricated
building components transported to construction sites will
increase affecting cargo insurance too. Overall, the impact on
claims ratio for constructioninsuranceis unclear.
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Demand for constructioninsurance is expected to remain
relatively stable during alow carbon transition as the size of
the construction sector is not expected to change materially.
While energy efficiency retrofits are expected to grow by
2023 (Navigant Research, 2014), the size of this market is
currently just 1% of the global construction sector (Orbis
Research, 2018).

Property

Property insurance covers against losses due to physical
damage to property from most perils, including fire, theft and
some weather damages. Insurance of property in the aviation
and marine, energy, motor and construction segments has
been covered as part of the preceding sections and is
therefore notincluded here. Instead, this section focuses on
the impacts on property insurance from shifts observed in the
heavy industry sector.

Overall, the size of the property insurance market is not
expected to be significantly impacted by transition risks but
will be greatly impacted by climate change physical risks.

Credit, financial guarantee and M&A

Credit, financial guarantee and M&A cover a broad range of
areas, ranging from financial guarantee, contract frustration
and trade credit. Financial guarantee insurance compensates
the insured in the event of financial failure, lack of profits or
fluctuations in prices, interest rates, exchange rates and
property values. Contract frustration protects insureds
againstlosses associated with contracts and the financing
thereof. Trade credit insurance covers failure of debtors to
pay their debts. Insurance against business interruptions
covers the financial losses associated with an eventimpeding
the operations of a business.

Existing contracts may require revisionin sectors that face
declines under low carbon transition. Instances of financial
failure and price fluctuations are expected toincrease in
frequency and duration during a low carbon transition in many
high emissions sectors. For example, the Net-Zero Toolkit
estimates drops in coal revenues and profits of 70-80% over
the period to 2050 under the two decarbonisation scenarios
compared to the RTS, withimpacts on profits of similar
magnitude experienced in the oil and gas exploration and
production sectors. As aresult, underwriters could be
exposed to significant risks in these sectors while the
demand for and volume of contracts could increase as a
result of increased exposure.

Some low carbon technologies, such as renewables and
biofuel production, may present opportunities for insuring
against revenue risk. Renewable power generation relies
critically on weather elements such as temperature and solar
radiation. Managing the uncertainty around weather
fluctuations could play anincreasingly important role as the
share of renewables in electricity generation grows over time
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to 45% of final energy demand in 2030 under the 2DS.
Demand for parametric insurance or related financial loss
insurance products could also come from producers or users
of biofuels, which will be subject to seasonal fluctuation
(Lloyd'’s of London, 2019¢; d). At the same time, demand for
products like the cover for carbon credits introduced by
Tokio Marine Kiln and Parhelionin 2011 (Davies, 2011),is
expected to grow during alow carbon transition.

While financial loss insurance demand could grow overall,
whether it can be met by supply is a question dependent on
insurers’ ability to understand and quantify the above risks.
Thereis considerable uncertainty associated with future
global policy action. As aresult, more companies across the
economy may be interested in taking out financial loss covers,
resultinginanincrease indemand. Whether insurers will be
able to provide this insurance willdepend on their ability to
quantify the potential risks and opportunities involved.

Product liability and recall

This section focuses on product liability insurance often
taken out to cover against liability for damages to third parties
caused by acompany’s products.

Products from high carbon producers could become subject
toincreasing scrutiny during alow carbon transition and be
linked to physical climate change. Cases could arise in the
industry and fossil fuel sectors if their products are found to
lead to more environmental harm than previously anticipated
as more attentionis paid to product sustainability. Further
discussion of precedents and outlook for related litigation
casesis included in the following section on litigation and
liability.

Novel, low carbon products with uncertain risk profiles may
present challenges to underwriters of new productinsurance
in sectors affected by the low carbon transition. Due to the
relative novelty of the underlying technologies and the
uncertainty in client risk profiles, insurers may find difficult to
price these risks. For example, it is unclear who should bear
the responsibility for battery end-of-life treatment. Similarly,
lifecycle emissions of biofuels vary widely by feedstock, and
many different estimates exist even for the same feedstocks.
Inrenewable energy equipment manufacturing, though
manufacturers may want to purchase warranty and product
insurance, the long-term risk profiles in unknown terrain are
often highly uncertain, as demonstrated in a later case study
on solar power generation. These risks may also impact
public liability insurance for sites where these products are in
use.

The low carbon transition will result in growing product
insurance demand from industries such as battery, EV and
renewable equipment manufacturers, as well as biofuel
producers.
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Other liability

Other liability lines include public liability, products liability and
recall, Directors and Officers (D&O) liability, Errors and
Omissions (E&O) and Professional Indemnity (PI) insurance.
Public liability insurance covers the insured'’s legal liabilities to
third parties for damages to person or property arising from
the insured’s business activities. D&QO insurance covers the
personal liabilities of the company’s directors and officers
resulting from their (alleged or actual) acts while acting in their
capacity. E&O and Plinsurance covers the third-party
liabilities arising from errors, omissions or negligence
committed over the course of professionals’ and service
providers’ performance of their duties.

This section covers those segments of the casualty business
classrelated to the potential impacts of alow carbon
transition on litigation cases. The most significant segments
of the casualty market are general liability and professional
liability. The largest markets for the casualty segment are the
US, the UK, Canada and Australia (Setzer and Byrnes, 2019).
There has been anincrease in the number of climate related
litigation cases over recent years, with 1,300 global cases
listed across various databases to date (Nachmany,
Fankhauser, Setzer and Averchenkova, 2018). Across the five
categories of climate change related litigation outlined in
Figure 2, three have already been observed in court, while the
other two are expected to materialise over the course of alow
carbon transition.

Across the five types of litigation cases this report examines,
the following trends are expected to emerge during a low
carbon transition:

1. Physicaldamages. These encompass cases seeking
compensation payments for physical climate change
damages from major carbon emitters, their financers or
insurers (Clyde & Co, 2018). Examples include the
lawsuits brought by the cities of San Francisco and
Oakland against major fossil fuel producers, including BP,
Chevron and Royal Dutch Shell for compensation of the
costs of dealing with climate change. Some of these
cases brought against the oilindustry focus upon an
allegation that the oilindustry has, for the last 50 years,
sold and marketed petroleum, despite knowing about the
harmful effects of burning carbon-based products. By
characterising petroleum as a ‘defective product’, these
lawsuits aim to hold distributors of fossil fuels liable for
the defective products that they commercialise and for
failure to warn of the risks associated with their use.
Rather than alleging fault (such as negligence or tortious
intent by the defendant), these cases claim strict liability
for ‘designdefects, -i.e. flaws or errorsinaproduct’s
design that render itinherently dangerous. Similar to the
arguments used in the tobacco litigation, in these cases
fossil fuels (such as crude oil, coal or natural gas) are the
product and the defect is the impact of the emissions and
the known safety and injury risks associated with them.
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Most of these cases are stillongoingand are
concentrated in the US. Looking at the precedent of the
tobacco litigation, cases based on physical damages
have resulted in significant settlements, as during the
Tobacco Master Settlement Agreementin1998in the
US. This settlement resulted in a series of initial, annual
and strategic payments from tobacco companies to the
settling states of approximately $206 billion over 25
years, now limited from 2018 to US$9 billion per year in
perpetuity (Public Health Law Center, 2018). The scope of
litigation risk from climate-related physical damage
cases willdepend on whether climate science advances
toward reliable attribution calculations and causation
assessments. With a growing evidence base and public
awareness of climate science, cases attributing physical
damages to individual companies could rise. These
cases could affect the risks associated with and demand
for D&O and Plinsurance. The split of losses between
classes or steepness of trend could be higher or lower
depending on specifics of any real event and the
decisions of the courts.

In addition to tort claims, there could also be liability
resulting from insufficient consideration of physical risks
resulting from climate change in the context of significant
investments. This would be the case, for example, where
companies are sued for investing in ahotel on abeach
that will be affected by sealevel rise or a factoryinan
area exposed toincreased likelihood of flood.

Climate-related disclosure. With the introduction of many
new climate-related reporting standards and regulations
including the TCFD recommendations and France’s
Article 173, companies face increasing pressure to
disclose their climate-related risks and opportunities.
Litigation against financial services firms can be brought
as aresult of failure to disclose climate-related financial
risks, as well as a result of the quality of the disclosed
information. If companies are perceived to have under
disclosed on their risks from climate change, including
their ownimpacts on the climate, investors may seek
compensation for withheld information. In October 2018,
People of the State of New York filed a case against
Exxon Mobile Corp. claiming the company behaved
fraudulently by downplaying the risks of climate change
toits business to shareholders, which has yet to be
resolved. A few months prior, ClientEarth reported
Admiral, Lancashire Holdings Limited and Phoenix Group
Holdings to the Financial Conduct Authority over non-
disclosure of climate-related risks and opportunitiesin
their annual reports. During a low carbon transition,
regulation on climate-related disclosure is expected to
become more stringent in line with governments’ policy. It
is expected that disclosure cases could grow in number
and significance over time, which will affect the risk
landscape around D&O and Plinsurance.
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Thereis precedent for large-scale disclosure litigation
cases, most notably the US$7.2 billion settlement
awarded to Enron shareholders following the account
fraud committed prior to the company’s bankruptcy. This
settlement was paid by major banks that had beenin
business with Enron, including JP Morgan, Chase and
Citigroup, and is the largest securities class action
settlement reached in the US to date (Hays, 2008).

Regulation and permits. These cases seek to uphold or
establish environmental regulation againstindividual
projects that could have significantimpact on the local
environment or global climate. Cases filed against the
TransCanada Keystone XL pipeline by the Indigenous
Environmental Network (amongst others) represent
prominent examples of this type of litigation. Most
recently,in November 2018, a federal judge in Montana
ruled that the Trump administration failed to conduct the
necessary environmental reviews of the project before
approvingitin 2017 (Harris, 2018). The pipeline would
transport heavy crude from Alberta to Nebraska. Over
the course of a low carbon transition, the incidence of
these cases is expected to increase and will primarily
affect the risks associated with the underwriting of public
liability insurance. As global policymakers tighten climate
policy stringency during a low carbon transition, they are
expected to be held to a higher standard by local
communities and other organisations over contracts
signed with corporations that could affect climate
outcomes.
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Advisory roles and M&A. The low carbon transition could
result in significant M&A activity in contracting sectors, as
well as IPOs in expanding green sectors. Given the
increased M&A activity, there will also be more demand
for financial services companies’ advisory services.
Therefore, increased number of lawsuits related to M&A
activity are expected, including cases against directors
and officers orinadequate advice by third parties
resulting in financial loss for shareholders. In the US, 73%
of M&A deals for publicly traded companies valued over
US$100 million resulted in shareholder lawsuits in 2017
and 43% of cases were resolved prior to the deal closing
(Sinha, 2018). These lawsuits could therefore become a
significant component of low carbon transition related
M&A activity and will primarily be covered by D&O and PI
insurance. Further cases against advisors may focus on
property design professionals, who could be sued for
negligence when not disclosing or misleading on the risks
associated with climate change impacts to investors.

Intellectual property. The number of green energy
(defined as solar power, wind energy, biofuels,
hydropower, geothermal energy and waste-generated
energy) patents filed globally doubled over the period
2013-17 (Geary, 2018). Over the course of a low carbon
transition, significantinnovation across all low carbon
technologies is expected. Inresponse, firms in markets
with high associated growth potential will try to ensure
they receive a proportion of the benefits of this growth.
These developments could lead to IP disputes in court,
for example over corporate licensing or public disclosure
of green IP. The most relevant existing insurance product
to these cases will be intellectual property legal expense
insurance.
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Global trends in climate litigations

As of May 2019, over 1,300 climate change litigation cases have been recorded across 28 countries in addition to several
regional and international courts. Of this total, over 75% of cases have been filed in the US. Outside of the US, jurisdictions that
have seen higher climate change litigation activities include Australia, UK, Canada and New Zealand.

Inthe US, the most common cases are brought by NGOs against local or national governments regarding regulatory and
policy decisions. However, cases against business corporations have risenin recent years.

Figure 8: Climate change litigation by jurisdiction and types of defendants

Source: Grantham Research Institute on Climate Change and the Environment (2019), Climate Case Chart (2019), Right: McCormick etal. (2018)
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4. Geographic landscape

This section highlights key region-specific transitionimpacts
and investigates what role insurance can play in alleviating
these. This synthesis draws on the preceding analysis,
including results produced by the Net Zero Toolkit and in-
depth sectoral evidence base. Such geographical variations
broadly depend on policy developments, macroeconomic
outlooks, natural resource endowments and their role in
supply chains.

Europe

Climate legislationis proceeding rapidly within the EU,
although national policies will determine the extent of
transitionimpact in different countries. In June 2019, final EU
legislation on the Clean Energy Package was completed. The
Clean Energy Package consists of eight legislative acts,
spanning buildings, renewables, energy efficiency, electricity
market design and national energy and climate plans.
Member states now have 1-2 years to transpose the
complete package of eight legislative acts into national law.
This is expected to accelerate the policy-driven transition
impact across all sectors, but particularly in the energy and
buildings sectors.In December 2019 the European
Commission published The European Green Deal a new
growth strategy that aims to transform the EU into a fair and
prosperous society, with a modern, resource-efficient and
competitive economy where there are no net emissions of
greenhouse gases in 2050 and where economic growthis
decoupled from resource use. Nevertheless, industry
lobbying and various political considerations will continue to
influence the direction and speed at which national policies
develop, as exemplified by Poland and Germany’s reliance on
coal and France’s suspended fuel tax increase. The
opportunities and challenges for insurers will vary
accordingly depending on these national policy
developments.
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North America

Transitionimpact in North America will vary significantly
depending on state and provincial legislations. In the US, 22
states have adopted specific greenhouse gas emissions
targets (c2es, 2019). In particular, Californiais notable for its
commitment to become carbon neutral by 2045. This has
come with policy actions across several key areas, including
incentives for distributed, self-generated renewable energy,
funding for EV infrastructure, and support for the
development of microgrids. The far-reaching impact of state
legislation is expected to grow in significance amidst an
uncertain policy outlook on a federal level. Nevertheless, the
potentialimpact of federal commitments should not be
underestimated either. The US government has been
relatively supportive of low carboninnovations. For example,
the section 45Q tax credit for CCS projects has been
enhanced in 2018 in response to widespread opinion that
previous tax credits were too low to spur greater adoption.

Climate-related litigation and liability risks are strongestin the
US. Under the climate change litigation database provided by
the Sabin Center for Climate Change Law, there are over
1000 such casesin the US to date compared to 300 in the
rest of the world. Although a large part of this difference
reflects the generally higher reliance placed on litigationin the
US compared to other regions, the pervasiveness of activist
investorsis also akey driver for this trend. Furthermore, as
compared to Europe, physical infrastructure in the US ismore
prone to weather-related risks such as hurricanes and
wildfires. The fact that some US areas are more vulnerable to
natural disastersis well known to insurers who price such
weather-related risks. The low carbon transition can amplify
liability risks for companies that do not adequately mitigate
and/or adapt to climate change.



4. Geographic landscape

37

Latin America

Water scarcity regulations in Argentina, Boliviaand Chile
could constrain the supply of lithium, akey input to batteries.
The salt flats between these three countries hold roughly half
of the global supply for lithium. However, the substantial water
resources required for the evaporation pools in lithium
extraction has come into direct competition with local
interests and received growing calls for policy intervention.
For example, Chile's General Directorate of Water recently
imposed a ban on new permits to extract water in the
Atacamaregion. Such regulations therefore pose a
significant risk to companies throughout the battery supply
chain, creating a larger appetite for financial loss insurance
against business interruptions.

Exportersin Colombia and Brazil can expect sharp shiftsin
the level and composition of demand for coal and biofuels.
Colombiais Latin America’s largest exporter of coal, with over
half of its coal exports heading to the US. As global demand
for coal declines, albeit at a slower pacein the US, coal mines
within the country would face increasing financial pressure.
Meanwhile, Brazil is the world’s second largest exporter of
biofuels after the US. Biofuel companies are expected to
benefit from the demand for low carbon transportation fuels.
In this process, significant liability risks can emerge due to
concerns over food security, water scarcity and habitat
destruction. Companies engaged with this supply chain could
demand greater insurance.

Asia Pacific

Developing economies in Asia Pacific will continue to be the
largest market for renewable energy. Currently, China
already has the largest installed capacity in solar and wind
generation, at 1775 GW and 184 GW respectively in 2018, or
roughly 30% of the global installed capacity inboth
technologies. Although China will still dominate the market for
both solar and wind in the next decade, growth in Indiaand
ASEAN countriesis expected to catch up gradually over time.
The growth of this market comes with both opportunities and
challenges for insurers as described in previous sections.
Business models for renewables in developing economies
can be different from those in American and Europe: for
example, off-grid solar is a much more popular option for
remote areas that lack a grid infrastructure. The insurance
required for off-grid solar could be a significant opportunity
forinsurers who can accurately price the variety of risks
faced by residents and businesses.
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Australasia

Despite often being considered together, Australia and New
Zealand have taken remarkably divergent paths on climate
policy. While New Zealand has set a target of Net Zero
emissions by 2050, Australia, one of the world’s largest per
capita green house gas emitters, has notimproved onits
climate policy since 2017 and is unlikely to meetits 2030
target set under the Paris Agreement (UN Environment, 2018).
Nevertheless, both countries have seen a significant number
of climate related litigation cases, which may increase
demand for liability insurance products. In terms of sectors,
Australiais the world’s largest coal exporter, with
considerable assets and reserves atrisk of stranding under a
low carbon transition. At the same time, Australiais one of the
world’s reserves of lithium, demand for which is expected to
grow significantly in line with battery technology.

Middle East and Africa

Many economies in the Middle East and Africa are relianton
exporting minerals and oil and will therefore experience
significant transitionimpact despite the lack of stringent
climate policies. The abundance of natural resourcesin the
region mean that many countries are closely tied to supply
chains that are being transformed by the low carbon
transition. Insurance can support companies adapt to the
new operating environment.

—  Oil. The slowdownin the growth of oildemand is
encouraging major oil producers in the region,
including Saudi Arabia, Iran, Irag, UAE, and Kuwait to
diversify their economies. Political risks in the region
willincrease as this process creates instability
(Lloyd’s of London, 2009).

— Cobalt. As akey component in batteries, global
demand for cobaltis expected toincrease at 8% a
year until2023. Currently, the Democratic Republic
of Congo (DRC) supplies more than half of the
world’s cobalt production (Market Research Future,
2019). Political and supply chainrisks are therefore a
significant concern for downstream businesses.
Leading downstream companies have started
internally re-classifying cobalt as a ‘conflict mineral’
and treat it with the same scrutiny as tin, tantalum,
tungsten and gold, which are subject to conflict
minerals legislation in the United States and the EU
(RCS Global, 2017).

Asin Asia, significant growth in the deployment of renewables
is expected. The expansion of solar is expected to be
particularly pronounced in Africa, where offtake and
regulatory risks are more pronounced and off-grid solar is
expected to account for arelatively large share of investment.
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5.Conclusions

The low carbon transition up to 2030 will entail far-reaching
change across a host of key global sectors. Economy-wide
modelling carried out for this study shows that
decarbonisation on the scale required to limit expected global
temperaturerises to below 2°C leads to very significant shifts
in economic activity between sectors and regions, even as
compared to a baseline in which existing commitments are
followed through. Decarbonisation is driven by regulatory
requirements and policy incentives and sustained through a
rebalancing of economic activity and the more widespread
deployment of low emissions technologies.

Impacts oninsurance of the transition can be understood
through three ‘impact channels’, consistent with the framing
developed by the Taskforce on Climate-related Financial
Disclosure (TCFD). These channels cover the effect of
transition on activities within sectors (‘production and
competition’), relationships between sectors (‘supply chains
and customer interactions’), and interactions between
sectors and the legal system (litigation and liability’). Changes
inrisk across these three impact channels, which cover
comprehensively the categories of opportunity and challenge
identified by the TCFD, can then be mapped to implications
forinsurance business lines.

Insurance-relevantimpacts of low carbon transitions are
expected to be particularly pronounced in seven sectoral
areas across ten lines of business, with implications for the
demand for and risk profiles of existing insurance contracts
as well as the potential for new business.

Detailed case studies shed light on some of the key
opportunities and challenges that the transition presents
underwriters. Opportunities encompass roles for insurance
markets in enabling investment by transferring technology
and regulatory risk from project developers, and in promoting
efficient risk management by setting appropriate contractual
standards. Challenges stem from rapid shiftsin risk profiles
and structural changes that traverse business lines, all of
which require proactive management.
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More broadly, the insurance market can play arole in their
companies’ strategic response to climate change by:

— Participating in climate-related collaborative
initiatives such as ClimateWise and starting to use
the TCFD framework to develop climate decisions.

— Raising awareness and engaging senior decision
makers on transition risks and opportunitiesin
underwriting and insurance operations as well as
pursuing connected thinking and responses to
climate relatedissues across departments and
portfolios.

— Exploring the use of climate-related data and
forward-looking climate scenarios for risk and
pricing modelling to show under a range of scenarios
how decarbonisation can affect premia for specific
insurance products.

— Including climate into investment strategies and
potentially expanding the scale of their low carbon
investments.

This strategic review provides a basis for further analytical
work as data, tools, and methodologies will evolve over time.
Having identified key impact channels and priority
opportunities and risks, quantitative analysis can project
forward the effect of decarbonisation on the size of key
insurance lines and develop more focused strategies for
insurers within market segments. As countries such as the
United Kingdom, Sweden and Norway pledge to achieve net-
zero emissions targets by 2050 or sooner, stronger
emphasis will be put on clearer paths to achieve this goal.
Sectors willdecarbonise faster, creating opportunities for
insurers to enable companies to do so in a safer way.
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Appendix 1: Net-Zero Toolkit Methodology

The quantitative analysis is performed using the Net-Zero Toolkit, a proprietary model developed by Vivid Economics to assess
theimpact of decarbonisation scenarios on economic sectors and individual companies. The Net-Zero Toolkit's three step
methodology consists of scenario selection, value stream modelling and derivation of company and asset levelimpacts. The
analysis presented in this report covers 2,500 publicly listed companies across 137 sectors. This section briefly outlines the core
elements of the methodology while Appendix 1provides a more in-depth explanation.

The IEA’s Energy Technology Perspectives (ETP) scenarios form the key inputs to the model, as they are commonly used
scenarios for policymakers and business leaders. Toillustrate two possible pathways, three scenarios form the basis of this work:
the IEA’s ETP Reference Technology Scenario (RTS), which acts as a benchmark scenario, and the 2°C Scenario (2DS) and
Beyond 2°C Scenario (B2DS) as decarbonisation scenarios. These scenarios include projections of energy demand, carbon
prices by region and sector, and a range of technology deployment trends. Vivid’'s scenario modelling capabilities were used to
project carbon prices under each of the three scenario emissions pathways. Under the RTS, countries fulfil their current
Nationally Determined Contributions (NDCs) to the Paris Agreement. While more ambitious than a historic ‘business as usual
scenario, this scenario is not consistent with achieving the global climate objective outlined in the Paris Agreement of limiting
global warming to 2°C above pre-industrial temperatures by 2100. To provide a scenario where this objective is likely to be
achieved, the 2DS lays out a pathway to limiting CO. emissions to levels consistent with a greater than 50% chance of limiting
global warming to 2°C, with carbon neutrality achieved in 2100. Going one step further, the B2DS assumes maximal deployment
of current low carbon technologies, achieving net zero emissionsin 2060, with a 50% chance of limiting global warming to 1.75°C.
These scenarios are summarised in Figure 9.

Figure 9: For this report, the Net-Zero Toolkit relied on three IEA scenarios

Scenario Scenario description Scenario outputs
Fossil fuels demand
Reference Countries fulfil their current Nationally projections
Technology Determined Contribitions (NDCs) to the
Scenario Paris Agreement. This scenario will serve Qil
as abenchmark for comparison of results
from more ambitious climate action. Gas
Coal
- . N . Transition technology
20C Scenario Global warming is kept to 22C. This deployment levels
scenario lays out a path for an energy sytem
and CO0z emissions consistent with >50% Solar, wind, hydro and
chance of limiting warming to 2°C. Carbon other renewables
neutrality (‘'net-zero’) by 2100.
EVs
Biofuels
Beyond 2°C Global warming is kept to well below Carbon price trajectories
Scenario 290C. This scenario assumes maximal
deployment of current low-carbon By region and sector

technologies. Net-zero is achieved in 2060;
509% chance of limiting warming to 1.75°C.

Source: Vivid Economics, 2019
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The Net-Zero Toolkit translates these scenarios into company and asset level impacts using three value stream models. These

bottom up models are designed to capture the major channels through which transition risk might impact companies and assets,

asillustrated in Figure 10:

— Demand destruction. Under stringent climate policy, demand for fossil fuel products will fall due to the increasing costs

associated with their emissions intensive consumption. This model captures the effects of this destruction of demand onail,

gas, coal and automobile producers, specifically in terms of asset stranding and reductions in profit margins. Company

exposure to these impacts depends on the relative costs of extraction (or production), timing of planned production and the

production mix - either between coal, oil and gas (for fossil fuel producers) or between ICEs and EVs/hybrid EVs (for
automobile manufacturers).

Cost and competition. Allemitting companies experience direct increases in decarbonisation scenarios due toincreasesin
global carbon prices. Companies can respond to costincreases by realising emissions abatement opportunities or passing
through costs to consumers. Using a microeconomic model on sectoral competition and data on financials and emissions of
individual companies in 137 sectors, these mechanisms are modelled.

Cleantech markets. Demand for low carbon technologies grows in response to the shiftsin their costs relative to traditional

fossil fuels. Using data on green patents and existing market share, the model estimates impacts on individual company
growthin cleantech markets, including renewables equipment and EV manufacturers, as well as miners of minerals for
batteries and biofuel producers.

Figure 10: The three value stream models capture the major impact channels of the low carbon transition

Demand destruction

Companies producing goods with
embedded emissions lose out
due to asset stranding and margin
reductions

Company exposure depends on:
Relative costs of extraction

timing of planned production, and

coal, oil and gas production mix

Cost & competition

All emitting companies are affected
by carbon costs, with impacts
varying by industry and company

Exposure depends on:
carbon prices
potential for emissions abatement

ability to pass through costs to
consumers

Cleantech markets

Clean technology companies
benefit from increased demand for
low carbon goods

Exposure depends on:

market growth for each clean
technology product

Relative comparative advantage in
IP, based on patents
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Source: Vivid Economics, 2019

Company and asset levelimpacts are estimated as the difference between net present value profits under the 2DS or B2DS

relative to the RTS and aggregated to the sector level. Profitimpacts are modelled over the period to 2050 and discounted to net

present value using a standard equity discount rate. Allimpacts under the 2DS and B2DS are expressed relative to the RTS. As

an example, if estimates of aggregate profits under the 2DS in a sector were 30% below profits under the RTS in 2050, the profit

impact of the 2DS would be -30%. Note that changes in firm count are calculated to 2030.
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Analysis of the three impact channels draws on the Net-Zero Toolkit results as outlined in Figure 13. Results on aggregate
sectoral characteristics and technology shifts, abatement potential, market characteristics and sectoral revenue, profit and
market size impacts provide important indicators of shifts in sectoral production and competition. Analysis of the supply chain
and customer interactions relies on the toolkit's data on marginal abatement cost (MAC) curves, cost pass-through and demand
responsiveness as evidence. For transition-related litigation and liability risk, model estimates of sectoral firm closure provide an
indication of the key trends that could resultin litigation, such as sectoral growth and decline. While companiesin a growing
sector may seek IP insurance, in a declining sector, long term liability and M&A activity might result in legal action.

Figure 11: The value stream models translate scenarios into company and asset level impacts
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Qualitative researchis used to add colour in the following areas where the Net-Zero Toolkit results lack the level of depth needed
for analysis of the insurance sector:

— Systemic shifts. The model does not cover systemic changes in consumer behaviour or major technological breakthroughs

beyond currently feasible technical developments. Desk research and expertinterviews provide insights into potential
systemic shifts.

— Abatement costs. Sectoral abatement cost curves were constructed based on literature review and expert opinion and
identify relevant abatement opportunities and their significance for each industry.

— Sectoral coverage. The model covers 137 sectors in total, with the most granular sector coverage in energy and industry.

Agriculture and land-use sectors are comparatively underrepresented, and as aresult, analysis of these sectors relied on
literature review and expert interviews.

— Sectoral size.In the model, firms exit the market when they have made continuously negative profit. Entry into markets (for
example in markets for green technologies) is not modelled due to the lack of data on potential future entrants.
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Appendix 2: Transition impact in priority
sectors

Table 7: Transition impact in Air & marine transport, road transport and fossil fuels

Current values 2DS B2DS
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Table 8: Transitionimpact in heavy industry, power and construction
Current values 2DS B2DS
c 7 £ 2 2
- i © et et
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Iron & steel | 386,810 27%
Heavy Aluminium | 22582 27%
industry
Petro_— 1,898,19 | 0.2 36%
chemicals 1 9
Lithium 18,002 | 010 | 27% NA
Minerals 1,136 13% NA NA
ggr‘:‘fr;ﬁon 1’160'32 54% 0% | -4% 0% | -7%
Power 0.0 o o 42| 42| 40| _ 44 | 46 o | -
Solar 95,860 5 15% | 0.02 | 98% % % % 1% % % 41% | -2%
Wind 25400 | 001 | 14% | 001 | 85% | 41% | 41% | 419% | 2% | 44| **| 42| o
% % %
Heavy
constructio | 377,055 O'g 17% | 0.03 | 95% | 0% | 0% | -1% | 0% | 0% | 0% | -1% | -2%
Constructio | n
n Home 0.0
constructio | 128,528 '2 15% | 0.00 | 89% | 0% | 0% | 0% | 0% | 0% | -1% | 0% | 0%
n

*Costpass throughis in % price change per 1% change in unit cost. All 2DS and B2DS impacts are in % of ETP RTS figures, on a time horizon to 2050 unless

otherwise stated.

Notes: Model results are as of December 2018. Carbon budgets used in the ETPare based on the IPCC AR5 (2013) report and are outdated as of the IPCC 1.5SR
(2018). The model does not provide insightful results on the agricultural sector. Green indicates high positive exposure, orange indicates medium exposure and red

indicates high negative exposure (in relative terms, high/low exposure defined as +/- ¥z standard deviation from the cross-sectoral mean).
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