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The Oxford Sustainable Finance Programme (OxSFP) at the University
of Oxford Smith School of Enterprise and the Environment was
established in 2012. OxSFP is a multidisciplinary research centre
working to be the world’s best place for research and teaching on
sustainable finance and investment. We work globally across asset
classes, finance professions, and with different parts of the financial
system.

We are uniquely placed by virtue of our scale, scope, networks, and
leadership to understand the key challenges and opportunities in
different contexts, and to work with partners to ambitiously shape the
future of sustainable finance.

We are based in one of the world’s great universities and the oldest
university in the English-speaking world. We work with leading
practitioners from across the investment chain (including actuaries,
asset owners, asset managers, accountants, banks, data providers,
investment consultants, lawyers, ratings agencies, stock exchanges),
with firms and their management, and with experts from a wide range
of related subject areas (including finance, economics, management,
geography, data science, anthropology, climate science, law, area
studies, psychology) within the University of Oxford and beyond.

The Global Sustainable Finance Advisory Council that guides our work
contains many of the key individuals and organisations working on
sustainable finance. The Oxford Sustainable Finance Programme’s
founding Director is Dr Ben Caldecott.
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Since our foundation we have made significant and sustained
contributions to the field, including in some of the following areas:

* Developing the concept of “stranded assets”, now a core element of the
theory and practice of sustainable finance.

¢ Contributions to the theory and practice of measuring environmental
risks and impacts via new forms of geospatial data and analysis,
including introducing the idea and importance of “spatial finance” and
“asset-level data”.

 Shaping the theory and practice of supervision as it relates to
sustainability by working with the Bank of England, the central banks’
and supervisors’ Network for Greening the Financial System (NGFS), and
the US Commodity Futures Trading Commission (CFTC), among others.

e Working with policymakers to design and implement policies to
support sustainable finance, including through the UK Green Finance
Taskforce, UK Green Finance Strategy, and the forthcoming UK
Presidency of COP26.

¢ Nurturing the expansion of a rigorous academic community
internationally by conceiving, founding, and co-chairing the Global
Research Alliance for Sustainable Finance and Investment (GRASFI),
an alliance of 27 global research universities promoting rigorous and
impactful academic research on sustainable finance.

For more information please visit: www.smithschool.ox.ac.uk/research/sustainable-finance
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Executive Summary

The cost of capital is a key lever in the real economy, due to its ability

to influence capital flows and investment decisions. This report seeks to
understand how financing costs across different energy technologies and
markets has changed over the last twenty years. It forms the first output
of the Energy Transition Risk and Cost of Capital Project (ETRC) initiated
by the Oxford Sustainable Finance Programme.

In addition to tracking changes in the cost of capital across the energy
sector, over multiple years ETRC will seek to understand what is driving
changes in the cost of capital, for example, between fossil fuels and
renewable energy; what is impeding or enabling the pricing of energy
transition risk, for example, data availability and regulation; and how
the changing cost of capital will impact companies and providers of
finance and investment, for example, through changing the economic and
financial returns available across the energy sector. Research in these
areas is essential for,among other things, identifying transformational
interventions that can shift capital flows towards clean energy and away
from dirty energy. It will also provide insights for shifting capital flows
in other sectors of the global economy as part of the net zero carbon
transition.

In our first report, we track how the cost of debt for fossil fuels and
renewables have changed internationally over the past 20 years.

We examine financing costs by analysing syndicated bank loan spreads
taken from LPC DealScan. The sample from LPC DealScan includes loan
information on 12,072 loan deals between 2000 and 2020, involving
5,033 borrowers across 118 countries in the energy and electric utilities
sectors as identified by The Refinitiv Business Classification (TRBC)!
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“This report seeks to understand
how the financing costs across
different energy technologies and
markets has changed over the
last twenty years.”

sector classification. The TRBC classifications are widely used by both
academics and market practitioners.

While climate-related transition risks in the energy sector are sometimes
viewed as distant, long-term risks, the impacts of which will not be felt for
decades to come, we find this does not reflect reality. A summary of our key
findings is detailed below.

1 TRBC was originally developed by the Reuters Group and has been owned by Refinitive since 2018. It
is the basis for Refinitive Indices. Following the TRBC sector classification, the energy production sector
is defined as the production of both fossil fuels, as well as the production of renewable fuels, such as
biofuels, and the supply of renewable energy equipment. For the electric utilities, we grouped them into
two types of electric utilities: power generation and other electric utilities. Within power generation
category, we manually identify renewable (solar PV and CSP, offshore and onshore wind, biopower, and
hydropower) and fossil fuels (coal-fired and gas-fired) power generation plants.
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E d t' Middle East and North Africa by 43%, 18% and 17% respectively,
nergy PI’O UC IOn while it has increased in other regions and countries. Over this time
period, the sum of onshore oil production loan volumes has more

than doubled in North America.

COAL MINING
* Comparing the 2000-2010 and 2011-2020 average, the average loan

* Loan spreads for coal mining have increased dramatically, rising 54% spreads for offshore oil production have decreased by 30% in Europe.
over the last decade, comparing 2007-2010 and 2017-2020. This

clear increase in loan spreads supports the findings of Fattouh et al. OIL & GAS PIPELINES

(2019),Who show that invgstors perceive coal as significantly higher « Comparing 2000-2010 and 2011-2020, the cost of debt for gas
risk than other energy projects. pipelines has increased in Europe, North America and India by 80%,
« Comparing 2000-2010 and 2011-2020, the average loan spread for 52% and 67% respectively. The sum of loan volumes for gas pipelines

coal mining has grown faster in developed markets such as Europe, has doubled in North America, from $84 billion to $166 billion, with

North America and Australia, at 134%, 80% and 71% respectively, the vast majority of loans issued to North American firms.

relative to emerging markets such as Latin America, China, and * The cost of debt for oil pipelines has risen in most regions over this

Southeast Asia, at 56%, 32% and 12% respectively. time period, but loans for oil pipelines have almost doubled in North
America, from $35 billion to $63 billion. Since 2000, the vast majority

* Along with the sharp increase in loan spreads, loan volumes?
of loans have been issued to North American firms.

have reduced significantly by 90% in Europe over this time period.
However, they have decreased by much less in North America and OIL & GAS REFINING

Australia, by 11% and 23% respectively.
* In Europe, between 2000-2010 and 2011-2020, the average loan

OIL & GAS PRODUCTION spread for oil & gas refining increased by 54%, with the sum of loan

volumes more than doubling, from $174 billion to $361 billion.
* Although loan spreads have risen since 2000, in the past decade

loan spreads in oil & gas have remained largely stable, increasing by * In North America, over this time period, the cost of debt has risen
only 3% (comparing 2007-2010 and 2017-2020). This suggests that 17%. Meanwhile, the sum of loan volume has increased by 14%
financial constraints on oil & gas companies have not materialised in since 2011.

the same manner as coal.

° Comparlng 2000-2010 and 2011-2020’ the cost of debt associated 2 When measuring changes in loan volume, only transactions where loan spread data is available are
with onshore oil production has decreased in India, China and the used. Therefore, not all loans are necessarily captured. This applies to all analysis in this study.
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LOAN SPREAD - OIL & GAS REFINING
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Power generation OFFSHORE WIND

» Globally, between 2010-2014 and 2015-2020, loan

COAL POWER spreads for offshore wind have fallen 33%.
e Comparing the 2007-2010 and 2017-2020 average loan spreads increased by TR A e E I R 39% in =LicEe gl
o loan volumes have grown from $18 billion to $63
38% to 365bps. - : -
billion. Since 2010 the vast majority of loans have been
» Comparing 2000-2010 with 2011-2020, average loan spreads have risen issued to European firms. In North America, average loan
in North America, India and Southeast Asia nations by 47%, 63%, and 63% spreads have dropped by only 1%, while loan volumes
respectively. The sum of loan volume has grown sharply in Southeast Asia have increased from $1.2 billion to $1.5 billion.
and India, while it has decreased from $14 billion to $8 billion in North
Ameri ONSHORE WIND
merica.
GAS POWER » Comparing the average loan spread in 2010-2014 with
2015-2020, onshore wind loan spreads have decreased
* Globally, over the past decade, loan spreads for gas power have been more stable, by 15% globally, and fallen in Australia, Europe and
increasing by only 7% when comparing the 2007-2010 and 2017-2020 average. North America by 41%,11% and 14% respectively.
» However, in North America, loan spreads have decreased by 28% over this « The vast majority of loans have been issued to American
time period firms.

e Comparing 2000-2010 and 2011-2020, in North America loan spreads have
risen by 16%, while loan volumes have increased sharply from $17.4 billion to
$106 billion.

3 For solar PV and wind, the focus is on more recent transactions, a
historical data before 2010. :

SOLAR PV

» Globally loan spreads have fallen by 20% when comparing the average loan
spread in 2010-2014 with 2015-2020°.

e Over this time period, solar PV spreads have decreased 27% in Europe,
meanwhile, loan volumes have risen from $2 billion to $3 billion. In North
America, average loan spreads have dropped by 32%, meanwhile, loan
volumes have increased from $15 billion to $19 billion since 2015.
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1 Introduction

To transition to a net zero carbon economy, a significant scaling-up FIGURE 1 ACHIEVING NET-ZERO IN THE UK - ADDITIONAL
of low-carbon investment is required alongside a phase-out of fossil INVESTMENT AND OPERATING COST SAVINGS BY YEAR
fuel financing (Monasterolo 2020). The Intergovernmental Panel on

Climate Change (IPCC) estimate that globally an annual investment of 100

$2.4trn is required in the energy system between 2016 and 2025 to

Llimit global warming to 1.5C above pre-industrial levels, equivalent to o 80

2.5% of world GDP (IPCC 2018). g ? ‘0

Although a significant proportion of these investments can be met gg 40

by redirecting fossil fuel capital flows, to meet the goals of the Paris B

Agreement, a front-loading of investment will be required as the § i 20

energy industry shifts “from an OPEX to a CAPEX world” (Auverlot et g § .

al. 2014). Using the UK as an example, the recent Sixth Carbon Budget 'aj 8

published by the Committee on Climate Change (CCC) provides a stark ,5, g 20

illustration of this shift, with capital investment (CAPEX) needs rising % £

rapidly in the short-term, resulting in operational expenditure savings gé 40

in the future (OPEX) (Figure 1). £

To finance these upfront investments, mobilising private capital - and -80

reducing its cost — will be crucial. In the UK alone, the CCC estimate 2020 2025 2030 2035 2040 2045 2050
that an increase in the cost of debt from 1.5% to 7.5% will result

in a 30% increase in the costs of financing the transition to net-

zero carbon emissions by 2050 (Advisory Group on Finance for the Cost of capital 7.5%
UK’s Climate Change Committee 2020). Furthermore, as outlined B Cost of capital 1.5%
in our report, renewable energy technologies are more sensitive CAPEX

to fluctuations in the cost of capital than fossil fuels. Given this —
challenge, it is clear that governments have a crucial role to play in

designing climate and environmental (CE) policies that reduce capital

costs for net zero carbon technologies and facilitate investment. SOURCE: UK CLIMATE CHANGE COMMITTEE

15 Oxford Sustainable Finance Programme



SUSTAINABLE

2 Literature review

2.1 CLIMATE-RELATED TRANSITION RISKS

A transition to a net zero carbon economy must occur for the goals of the
Paris Agreement to be met. This transition can be defined as a structural
economic change, in which “sunrise” industries displace incumbent “sunset”
industries, with the transformation driven by policy, technology and
changing preferences (Semieniuk et al. 2020). Within this transition, to
ensure that the global “‘carbon budget” in line with the Paris goals is not
exceeded, a significant proportion of global fossil fuel reserves must stay
in the ground (Friedlingstein et al. 2014; Raupach et al. 2014). For example,
in a 2°C scenario without carbon capture storage (CCS), McGlade and Ekins
(2015) estimate that 82% of coal reserves, 33% of oil reserves, and 49% of
gas reserves must not be extracted.

The alignment of the global economy with the goals of the Paris
Agreement will, therefore, have consequences for the assets, companies,
and investors dependent on these fossil fuel reserves. These natural and
physical assets are at risk of becoming “stranded”, defined as “assets that
have suffered from unanticipated or premature write-downs, devaluations,
or conversion to liabilities” (Caldecott et al. 2013). Under a scenario with
strong climate policy, Linquiti and Cogswell (2016) estimate that 63% of
global fossil fuel reserves in monetary terms could be stranded. There

are also implications for downstream physical assets. Pfeiffer et al. (2016)
estimate that to limit global temperature rises to 2°C, the compatible
stock of electricity generation assets would be reached in 2017, with
non-renewable infrastructure built after this date at risk of stranding. In
developing markets, where the majority of new fossil fuel infrastructure is
being built, this risk is particularly acute (Caldecott et al. 2015). Farfan and

16 Oxford Sustainable Finance Programme
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Breyer (2016) estimate that 59% and 22% of all coal power plants at risk of
stranding are in China and India respectively.

In developed markets such as the EU, stranded asset risks have arguably
already materialised, with asset write-downs increasing six-fold since 2008
among the largest 14 coal utilities (Caldecott et al. 2017). While in the oil
& gas sector, the growth of undeveloped reserves on firms balance sheets
is shown to reduce firm value, especially when extraction costs are high
(Atanasova & Schwartz 2019). These risks can be material for financial
institutions holding real assets or equity and corporate bonds. In a climate
stress-test of the financial system Battiston et al. (2017) calculate that the
direct equity exposure of investors to the fossil fuel sector is 4-13%, with
indirect exposure to climate-relevant sectors of 36-48%.

The Bank of England (2015) and Carney (2015) identify three types of
climate-related financial risk: physical risk, transition risk, and liability risk.
In Batten et al. (2017), transition risk is defined as “the risks of economic
dislocation and financial losses associated with the transition to a lower-
carbon economy”. There are many different types of transition risk: policy
risk, legal risk, technology risk, market risk, and reputational risk (TCFD,
2017). The following section discusses policy risk in more detail along with
technology and legal risk. We also review the literature on the relationship
between climate-related risks and the cost of capital, and detail how the
cost of capital plays an important role in corporate finance decisions,
focusing on electric power and oil & gas. Finally, we outline different
approaches to estimating the cost of capital.
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2.1.1 POLICY RISK FIGURE 2
NGFS SCENARIOS

EMMISSIONS ACROSS SCENARIOS

To ensure that economies are on track to meet the goals of the Paris Agreement,

policymakers will need to step up the level of climate action. This can occur Gt emissions / year

through policies such as carbon taxes and carbon prices, or by subsidising 80

renewables (Van Der Ploeg & Rezai 2020). Efforts to mitigate climate change by 70 o
internalising externalities directly increase transition risks for incumbent fossil 60 _

fuel industries (Semieniuk et al. 2020). For example, to limit global warming to 50

1.5°C, the IPCC estimate that median global carbon prices are required to reach 40 3

$91/tCO2 in 2025 and $179/tC0O2 in 2030 (IPCC 2018).
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Carbon taxes and emission trading systems have been shown to reduce 20
emissions relative to business-as-usual (Haites 2018), but their effectiveness 10
at driving low-carbon investment has been questioned (Lilliestam et al. 2020) 0
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going forward, fossil fuels would be phased out with $1.3 trillion of natural
and physical assets stranded (Van Der Ploeg & Rezai 2019). Given that major
economies, such as the EU, UK, Japan, and South Korea are targeting net zero 800
by 2050 in line with 1.5°C, the policy risks for fossil fuels could be even more

EMMISSION PRICE DEVELOPMENT ACROSS SCENARIOS
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severe. Furthermore, 17 countries have committed to phasing out vehicles 700
reliant on fossil fuel combustion by as early as 2030 in some cases (IEA 2020c). 600
The speed at which policies are implemented is key to how transition risks 500
manifest. For example, a delay in implementing a carbon price could result in a

400

higher carbon price path later on relative to one implemented earlier (Van Der

Ploeg & Rezai 2020). Clear policy signals that shift private-sector expectations 300
early and therefore prompt a mobilisation of private capital,are more likely

to lead to an orderly transition. In contrast, late action by policymakers could

disrupt companies and financial markets, leading to the stranding of assets 100
(Batten et al. 2017). | | | |
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This dynamic is reflected in the climate stress test scenarios developed

by the Network for Greening the Financial System (NGFS), a group of
central banks and supervisors. As shown in Figure 2,the NGFS provide an
‘orderly” scenario with optimal carbon pricing introduced immediately,

and a “disorderly” scenario with optimal carbon pricing introduced in 2030
(NGFS 2020). In the “disorderly” scenario, one could see “markets potentially
repricing sharply,and the provision of financial services perhaps disrupted”
(NGFS 2020). Whereas in an orderly transition, investors predict climate
policy and incorporate it into risk management and asset allocation,
shifting portfolios towards low-carbon assets overtime (Monasterolo 2020).
Similarly, when banks anticipate changes in climate policy, this could
reduce risks to financial stability and accelerate green investments (Dunz et
al. 2020).

Policies such as carbon pricing can alter the cost competitiveness of fossil
fuels relative to renewables (Polzin et al. 2019). However, over 80% of

high to middle-income countries have also adopted policies that support
renewables directly, such as feed-in tariffs and power purchase agreements
(IRENA, IEA, & REN21 2018). The success of these policies, which can have
a strong enabling effect on investment (Polzin et al. 2019), depends on a
stable policy environment. Policy risk is, therefore, not exclusive to fossil
fuels but can also affect renewables (Karneyeva & Wistenhagen 2017).
Retroactive changes to the policy environment can occur (Dio et al. 2015)
with negative impacts on renewables profitability (De et al. 2016).

As well as stability, policy design is important. With renewables cost-
competitive in many jurisdictions with fossil fuels, a transition towards
market-based policies, such as wholesale price or premium auctions, will
increase the exposure of renewables to price volatility (Egli 2020) and
increase risk margins (Pahle & Schweizerhof 2016). This move from policy
risk to market risk is expected, as technological advancements reduce
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reliance on policy support. In fact, Egli (2020) find that the importance of
policy risk in determining renewables investment risk has fallen relative to
other risk factors between 2009 and 2017, while price has become the most
important risk factor.

Policies such as carbon
pricing can alter the cost
competitiveness of fossil fuel
relative to renewables
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2.1.2 TECHNOLOGY RISK

Improvements in technologies needed to drive the net zero carbon
transition, for example, renewable energy, battery storage, and carbon
capture storage (CCS), generate technology risk for incumbent firms reliant
on fossil fuel technologies (TCFD 2017). The rapid cost-reductions and
performance gains seen in renewables are representative of non-linear
s-curves of technological adoption (Schilling & Esmundo 2009). Policy
support and R&D that drive these advancements could act a sensitive
invention point in the low-carbon transition, triggering tipping points as
renewables become cheaper than existing alternatives (Farmer et al. 2019).
For example, in the UK, following the crossing of two tipping points in 2015
- the coal-to-gas switching price and the profitability of coal - the market
share of coal in UK electricity generation dropped 75% in five years and the
market share of renewables doubled (Sharpe & Lenton 2020).

Examples of disruptive technologies that can trigger tipping points include
electric vehicles achieving cost parity with conventional vehicles (Sharpe &
Lenton 2020) and driving down demand for fossil fuels (Barkenbus 2009).
Solar PV is another example that can cause the stranding of fossil fuel
assets (Green & Newman 2016), with the technology now the cheapest
form of electricity generation in multiple markets (Haegel et al. 2019). At
learning rates of approximately 40% seen from 2006 to 2018 (ITRPV 2019),
the price of solar PV modules has fallen 90% over the past decade (IEA
2020a). Figure 3 shows that sharp falls have also occurred in wind power,
which alongside solar have driven a doubling of global renewable energy
capacity between 2010 and 2020 (IEA 2020d), with renewables accounting
for 28% of global electricity generation in Q1 2020 (IEA 2020b). Looking
forward, to limit global mean temperature rises to 1.5°C, renewables need
to reach up to 60% of the energy mix by 2030 (IPCC 2018).
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FIGURE 3
UNSUBSISED COST OF ELECTRICITY GENERATION BY TECHNOLOGY TYPE
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Technology risk factors also apply to renewables. The development of
large new wind turbine designs may create an extra risk from an investor
perspective due to the uncertainty of wind speeds and turbulence (Egli
2020). However, in wind and solar, the importance of technology risks

in determining overall investment risk has fallen sharply over time as
technologies have matured. Through interviews with investors, Egli (2020)
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show that technology risks have gone from the most important risk factor
in 2009 to the least important in 2017. As the low-carbon transition
progresses and new technologies such as CCS and hydrogen become
commercial, technology risks may once again become a key determinant of
overall investment risk.
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2.1.3 LEGAL RISK

Another key risk for companies and their investors is legal. Litigation
against companies can occur due to insufficient action to tackle carbon
emissions, breaches of environmental laws and regulations, and a failure to
disclose climate-related risks. As the damages from climate change grow,
climate change litigation is likely to accelerate (TCFD 2017).

Over 40% of all climate change litigation cases in the United States have
occurred since December 2016 (Setzer & Byrnes 2019). Although over 80%
of cases in the US before 2017 had been brought against governments
(Eskander et al. 2020), as shown in Figure 4,since 2015 the frequency

of lawsuits against major fossil fuel companies has increased sharply,

with 40 cases ongoing against “Carbon Majors” - the largest fossil fuel
producers - for reasons that include liability suits for damages caused by
climate change, a lack of due regard for the environment when sanctioning
projects,and human rights violations (Setzer & Byrnes 2020).

The 90 largest carbon majors are responsible for 63% of cumulative carbon
emissions from 1751 to 2020 (Heede 2013). Advances in climate attribution
research linking these emissions to increases in global temperatures

have the potential to aid litigants in these cases (Setzer & Byrnes 2020).
There are challenges using climate attribution research in a legal setting.
However, techniques to provide probabilistic estimates of the relationship
between past emissions and climate events that are compatible with legal
argument are developing (Minnerop & Otto 2020).
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. FIGURE 4
NUMBERS OF CASES AGAINST CARBON MAIJORS
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From an investor perspective, a record number of cases regarding the
financial sector were filed in 2018, with the rise of sustainable finance

a key driver of this trend (Solana 2020b). For example, cases have been
brought against climate majors such as Exxon for a failure to disclose
climate-related risks to shareholders. Cases have also been brought against
investors themselves for failing to incorporate climate considerations into
the investment process (Setzer & Byrnes 2020).

The impacts of this climate litigation can be both direct and indirect (Peel
& Osofsky 2015). Direct impacts include legal costs and fines for damages
(Solana 2020a). Indirect impacts are more difficult to quantify but can
include higher insurance costs, increases in the cost of capital,and lower
market valuations (Solana 2020a). For example, Yuan and Zhang (2015) find
a 19% increase in loan spreads for firms subject to class action lawsuits.
Indirect impacts also include shifts in the attitude of the public, corporates,
and government (Peel & Osofsky 2020). Reputational damage could prompt
investors to sell the assets of targeted companies, both from an ESG risk
and “sin stock” perspective.
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2.1.4 CLIMATE RISK AND E COST OF CAPITAL
-
Given the potential financial implications if transition risks
crystalise via policy, technology, or legal channels, one would expect
investors to price them into investment decisions. Furthermore,
efforts by governments and regulators to mainstream the pricing
of climate-related risks by financial institutions are underway. In
the UK, pensions schemes are set to be legally required to take
account of ESG factors (DWP 2018), while disclosures in line with
recommendations of the Taskforce for Climate-Related Financial
Disclosures (TCFD) will be mandatory for both corporates and
financial institutions (HM Treasury 2020).
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Similarly, the development of the EU Taxonomy will require investment
products labelled as sustainable to disclose the extent to which underlying
investments are low-carbon (European Commission 2020).

These efforts could accelerate the pricing of climate-related transition
risks. However, evidence shows that climate and environmental risk
factors are already playing a role in determining the cost of capital.
Higher environmental, social, and governance (ESG) and corporate social
responsibility (CSR) ratings that incorporate environmental performance
have been shown to decrease the cost of equity (EL Ghoul et al. 2018)),
cost of debt (Ge & Liu 2015) and credit risk measured by credit default
swaps (Kiesel & Licke 2020). Carbon emissions, used as a measure of
environmental externalities (Chava 2014) and as a proxy for climate risk,
have been shown to negatively impact both the cost of equity and the cost
of debt (Chen & Silva Gao 2012; Kleimeier & Viehs 2016). Similarly, Bui et
al. (2020) find a positive relationship between emissions and the cost of
equity, but one that can be mitigated through extensive carbon disclosure.

A link is also found between the cost of capital and exposure to climate

and environmental policy. In the primary bond market, Halling et al. (2020)
observe that in determining the cost of capital, environmental performance
matters only in industries most exposed to environmental risk, while Seltzer
et al. (2020) find that the impact of environmental performance on the cost
of capital is strengthened when companies face stricter environmental
regulation. Fard et al. (2020) find that banks use higher interest rates when
lending to firms facing tougher environmental regulations and that these
firms face higher bankruptcy risk and have lower credit ratings.
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2.2 The Cost of Capital and the Real Economy

The literature shows that action taken by policymakers in accordance with
the goals of the Paris Agreement has the potential to severely disrupt fossil
fuels industries. Furthermore, evidence shows that environmental and
climate risk factors already play a role in determining the cost of capital.

In this section, we explore the link between the cost of capital and the
investment decisions of energy firms in the real economy, with a focus on
the implications for electric utilities and oil & gas.

2.2.1 CORPORATE FINANCE THEORY

The cost of capital can be defined as “the expected rate of return that
market participants require to attract funds to a particular investment”
(Pratt & Grabowski 2014). It can also be thought of as the opportunity

cost of capital of a comparable investment with the same risk and return
characteristics (Pratt & Grabowski 2014). However, the cost of capital can
be different depending on the side of the balance sheet in question (Helms,
Salm, & Wustenhagen 2015). With regard to the liability side of the balance
sheet, the cost of capital is the level at which firms secure financing from
equity and debt holders. As shown by Figure 5, this is calculated as the
weighted average cost of capital (WACC) (Pratt & Grabowski 2014). The
WACC is the return demanded by equity holders and creditors, formed
through analysis of a firm’s track record and investor expectations about the
future (Pratt & Grabowski 2014).

With regard to the asset side of the balance sheet, the cost of capital
features as an input into capital budgeting techniques used to evaluate the
value of potential investment opportunities (Figure 6). In the “net present
value” (NPV) method, a discount rate is used to calculate the present value
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of future cash flows (Figure 7) (Finnerty 2013). In the “internal rate of
return” (IRR) method, the IRR is the discount rate found by equating the
NPV to zero (Figure 7) (Finnerty 2013). The IRR is then compared to an
internal “hurdle rate” representing the minimum return a firm can accept. If
the IRR exceeds the WACC, then projects create economic value, whereas a
firm that invests in projects with an IRR below WACC would destroy value
for shareholders.

FIGURE 5
TRANSITION RISK AND THE COST OF CAPITAL

WACC = (K, X W) + (K x W)+ (K, . [1-t] x W,)

Where: WACC = Weighted average cost of capital (after tax)

k, = Cost of common equity captial

W, = Percentage of common equity captial in the
captial structure, at market value

kp = Cost of preferred equity captial

Wp = Percentage of preferred equity captial in the
captial structure, at market value

W s = Cost of debt capital (pretax)

t = Income tax rate

w, = Percentage of debt captial in the captial

structure, at market value

SOURCE: PRATT & GRABOWSKI (2014)
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FIGURE 6
USES OF THE COST OF CAPITAL
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NPV Valuation Discount Rate
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SOURCE: ADAPTED FROM HELMS ET AL. (2015)

The relationship between measures of the cost of capital on both sides

of the balance sheet is summarised in Figure 8 (Zenner et al. 2014). How
investors set internal hurdle rates is critical to how internal capital markets
operate. Donovan and Corbishley (2016) argue that when project risks differ
the hurdle rate should be adjusted to ensure efficient capital allocation.
However, in a survey of large US corporates, Block (2003) find that 85.2% of
firms use firm-level WACC for their internal hurdle rate. Meier and Tarhan
(2011) obtain similar results, with 71.8% of CFOs surveyed stating that they
use firm-level WACC. However, when Meier and Tarhan (2011) calculate
WACC themselves from financial data, it is found that internal hurdle rates
tend to exceed WACC. Furthermore, Driver and Temple (2009) find that
one-fifth of companies use hurdle rates below WACC and one-fifth use
hurdles rates above. The use of hurdle rates above WACC may ensure that
investments create value, but an excessive buffer could negatively affect
company growth and risk profile (Zenner et al. 2014), as firms overinvest

in projects with high risk and underinvest in projects with low risk (Krliger
et al. 2015). This dynamic could have significant impacts on low-carbon
energy investment. This is explored in the following section.
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FIGURE 7
CORPORATE FINANCE VALUATION
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FIGURE 8
RELATIONSHIP BETWEEN THE ASSET AND LIABILITY COST OF CAPITAL

INVESTMENT DECISION-MAKING PROCESS
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Whether a firm does or does not use a project-specific cost of capital

for internal hurdle rates, changes in the firm-level cost of capital have

been shown to affect firm investment. Increases in the cost of debt via
corporate bonds have been shown to lead to a reduction in investment

and the stock of capital (Gilchrist & Zakrajsek 2007). This relationship
between the bond cost of debt and investment also holds at the macro-
level (Gilchrist & Zakrajsek 2012; Lin et al. 2018). Evidence that lower cost
of debt stimulates investment is also found by Frank & Shen (2016) but
when using the Capital Asset Pricing Model (CAPM) to estimate the cost of
equity this relationship breaks down. Only when using the implied cost of
equity, backed out from current stock prices and future earnings forecasts,
is a negative relationship between the cost of equity and investment found.
Drobetz et al. (2018) find that policy uncertainty reduces the strength of the
relationship between the cost of capital and investment.

2.2.2 INVESTOR RISK PREFERENCES AND
INVESTMENT DECISIONS

Financial theory dictates that investors trade off risk and return when
assessing investment opportunities, with high-risk projects requiring
higher expected returns. To that effect, how investors perceive risks in both
renewables and fossil fuels, and how this influences the cost of capital
and investment decisions, will be crucial in determining the speed of the
low-carbon transition and technology diffusion (Curtin et al. 2019). Changes
in investor preferences, in response to campaigners and concerns about
climate-related financial risks, have led to rapid growth in the divestment
movement. Although the literature regarding the impact of divestment

is inconclusive (Ansar et al. 2013), should divestment change the cost of
capital, this could accelerate the low-carbon energy transition (Halstead et
al. 2019).

From an internal capital markets perspective, Helms et al. (2015) propose
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that differences in the cost of capital between utilities companies and
institutional investors have resulted in the latter taking a large share of
ownership of renewable power. This stands in stark contrast to conventional
power generation. For example, in Germany in 2012, the “big four” utilities
companies owned 76% of capacity (Helms, Salm, & Wustenhagen 2015).
Helms et al. (2015) identify the WACC of electric utilities as being in the
mid-single to low double-digit range, and in the mid-single digits for
institutional investors. This difference is relevant due to the varying risk
profile of renewables and fossil fuels. Helms et al. (2015) identify several
reasons for renewables to be lower risk and therefore lower return than
fossil fuels. First, renewables do not have fuel price risks. Second, policy
support for renewables reduces price risk. Third, renewables do not face
climate-related risks, such as carbon pricing. Fourth, operational risk is
lower with fewer moving parts, especially for solar PV. Fifth, as renewables
tend to be smaller than fossil fuels, greater portfolio diversification can be
achieved through numerous projects.

Therefore, if firms apply a high internal hurdle rate to value renewables
projects, equal to or above firm-level WACC, this could lead to
underinvestment in renewables and the misallocation of capital. This
dynamic is shown in Figure 9. Risky project B whose return is above the
firm-level cost of capital will have a positive NPV, while safe project A
whose return is below the firm-level cost of capital will have a negative
NPV. If a project-specific cost of capital is applied, high-return/high-risk and
low-return/low-risk would be valued equally (Helms et al. 2015). Unlike
institutional investors, for incumbent utility companies and oil & gas firms
with a high WACC reflecting a riskier fossil fuels asset base, this dynamic
could limit renewables investments. Furthermore, in a stable policy
environment, renewables can become long-term assets with stable cash-
flow and low beta, making them well suited for institutional investors to
diversify or meet long-term liabilities (Kaminker & Stewart 2012).
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FIGURE 9
CAPITAL ALLOCATION WITH A UNIFORM COST OF CAPITAL
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2.2.3 ELECTRIC POWER AND THE COST OF CAPITAL

Over the past decade, renewables have seen dramatic falls in the levelised
costs of electricity (LCOE), defined as the average price of electricity needed
over the life of a project for it to breakeven taking into account all costs
(Larsson et al. 2013). This fall in LCOE has been driven by lower upfront
capital costs due to technological improvements and lower associated
financing costs. Egli et al. (2018) show that between 2000-2005 and 2017,
LCOE for solar PV and onshore wind fell 87% and 45% respectively, with
lower financing costs accounting for 41% of this reduction in Solar PV and
40% in onshore wind. These lower financing costs are largely a function of

lower up-front CAPEX needs, however falls in interest rates also played a part.

With interest rates at record lows in much of the developed world, the
share of financing costs in renewables LCOE has fallen but still remains

important. In Germany in 2018, financing costs accounted for 12% and 16%

of LCOE for solar PV and onshore wind respectively (Schmidt et al. 2019).
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Furthermore, due to the profile of lifecycle costs, renewables remain highly
exposed to changes in WACC. Renewables are capital-intensive and require
significant up-front investment with little OPEX once operational (Steffen
2020). This differs from fossil fuels, where fuel costs generate ongoing
OPEX needs (Schmidt 2014). This reduces their sensitivity to changes in the
cost of capital,as OPEX can be paid out of operational cash flows and is
therefore independent of WACC when assessing LCOE (Helms et al. 2015).
Figure 10 shows the different CAPEX/OPEX split across technology types.

FIGURE 10 COST COMPOSITION AND LEVELISED ELECTRICITY COSTS
WITH VARYING WACC

125
!
High ' High
carbon ] carbon 100
100% 1 1000 g
1 s 75
80% i 800 &
1 wv
| 2 50
9 [ i
60% ' 600 ]
o ! 25 +
40% i 400
l 0
)
20% : 200 0% 5% 10% 15% 20% 25%
'
. > WACC
0% OO 0
(/0%\ &“ \é\(\b 0\%« \‘z’?} éﬁ’ e Wind power ® ® ® ® ® ® (pgl-fired plant e==————— Gas-fired plant
& é\)b Nd
C

Investment
Fix 0&M
Variable

& €02 (right axis)

SOURCE: HIRTH & STECKEL (2016)

PARAMETERS USED: 7%WACC AND CAPACITY FACTORS OF 60% FOR FOSSIL FUELED
PLANTS, 35% FOR WIND POWER, 20% FOR SOLAR POWER, AND 90% FOR NUCLEAR.
A PRICE OF USD 30 PER TCO2 WAS ASSUMED.
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Upfront costs require financing, and therefore cost of capital is the single
biggest determinate of renewables LCOE compared to CAPEX, OPEX, and
technology learnings rates (Vartiainen et al. 2020). This can have significant
implications for the competitiveness of renewables relative to fossil fuels
if the cost of capital changes (Ondraczek et al. 2015; Schmidt 2014). This

is demonstrated by Hirth and Steckel (2016) in Figure 10, with wind the
lowest-cost source of power at a WACC below 8%. However, Schmidt et al.,
(2019) show that if interest rates increase to pre-financial-crisis levels over
the next five years, this could slow renewables deployment, with onshore
wind LCOE increasing by 25%. Policymakers should therefore pay close
attention to changes to macroeconomic conditions, as well as technology-
specific financing conditions.

Policymakers should also be aware that high capital costs can limit the
effectiveness of policies designed to accelerate renewables deployment
(Hirth & Steckel, 2016). Carbon pricing is an example of a policy that

can trigger tipping points by altering the competitiveness of competing
technologies (Sharpe & Lenton 2020). At a carbon price of $50 per ton and
a WACC of 3%, the cost-optimal share of renewables in the energy mix is
40%, but at 15% WACC the share of renewables is zero (Hirth & Steckel
2016). In developed countries with low country risk, WACC is likely to be low
enough for effective carbon pricing, but in developing markets with high
country risk (Egli et al. 2019), the effectiveness of carbon pricing may be
limited by higher capital costs.

2.2.4 OIL & GAS AND THE COST OF CAPITAL

The oil & gas sector is also sensitive to changes in the cost of capital.

In particular, large long-Llife projects that take up to 20 years to repay
investment costs are most exposed to the uncertainty of the low-carbon
transition relative to shorter-term projects that harvest cash flows early on
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(Fattouh et al. 2019). The implications are that oil majors will move away
from riskier projects focused on exploration, production,and development,
and towards the “harvesting” stages of oil & gas projects, buying in at
higher costs once projects are operational and largely de-risked (Fattouh
et al. 2019). However, other actors in the oil & gas industry, such as private
equity investors and national oil companies, do not have the business
models or expertise to take their place, making it unclear who would
continue these activities if oil majors step back (Fattouh et al. 2019).

FIGURE 11 HURDLE RATE OF RETURN FOR ENERGY
PROJECTS FROM INVESTOR SURVEY
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Furthermore, Fattouh et al. (2019) find that investor risk preferences in the
energy sector are already shifting. Through a survey, institutional investors
are shown to demand significantly higher hurdle rates for long-Llife oil
projects and coal projects (Figure 11). In recent years, hurdle rates for wind,
solar,and LNG projects have seen little change, while deep-water oil, long
cycle mega oil projects,and new coal projects have seen large upticks in
the hurdle rates expected by investors. At a 10% hurdle rate, the average oil
& gas project requires an oil price of $40/bbl for net present values (NPVs)
to be neutral, while at a hurdle rate of around 20%, $70/bbl is needed for
positive NPVs (Fattouh et al. 2019). Going forward, the potential removal
of fossil fuel subsidies in line with government commitments could also
push project IRRs below hurdle rates. When analysing undeveloped US oil
fields, Erickson et al. (2017) find that the phase-out of fossil fuels subsidies
will render almost half of yet to be developed oil fields unprofitable at a
discount rate of 10% and an oil price of $50/bbl, with this figure reaching
80% at a discount rate of 15%.

However, as previously discussed, the link between WACC and internal
hurdle rates is not clear cut. In the oil & gas sector, integrated companies
tend to have a lower cost of capital due to greater diversification. This is
reflected in NYU Stern Data (2020) with integrated companies having a
lower beta than upstream oil & gas exploration. Likewise, the UK Oil and
Gas Authority estimate a WACC of 6.9-8.3% for exploration and production
companies and 5-6.5% for integrated oil & gas companies (OGA 2018).

In terms of how WACC feeds through to internal hurdle rates in oil & gas,
Jafarizadeh and Bratvold (2019) find that in the upstream oil & gas sector,
companies often use internal hurdle rates above their WACC to account
for extra uncertainty, while Kemp & Stephen (2018) state that although
WACC plays a part in determining internal hurdle rates used by oil & gas
companies, project-specific operating conditions are also key.

Yet, regardless of how project-specific internal hurdle rates are calculated,
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if firm-level WACC is consistently above the return on invested capital
(ROIC) this will lead to value destruction. This occurs when the return on a
company’s projects is lower than the cost of funding them. This ROIC-WACC
spread has turned negative in the oil & gas sector in recent years, driven by
an increasing cost of equity (IEA 2019; Deloitte 2018). Higher capital costs
and shocks to demand, such as Covid-19, could further constrain oil & gas
investment.

2.2.5 ESTIMATING THE COST OF CAPITAL

As outlined in this report, the cost of capital will play a key role in
determining how the energy sector transitions. An accurate measure of
the cost of capital is therefore critical for policymakers seeking to track
renewables competitiveness and to accurately model system-wide costs
of decarbonisation. The cost of capital is also a key parameter in energy
economic models used to assess whether carbon emission targets can be
reached and to value policy interventions (Steffen 2020). At the global
level, the cost of capital plays a critical role in the construction of long-
term climate scenarios that then frame policy debates, for example, the
IEA and IPCC scenarios (Creutzig et al. 2017). These models often take the
cost of capital as fixed across sectors and geographies. While this may be
appropriate for modelling global systems, Egli et al. (2019) argue that at
the national level, this can lead to misguided policy recommendations. For
example, when country-level risk is accounted for, the LCOE of renewables
falls by 7-30% in industrialised countries and increases by up to 170% in
developing countries (Egli et al. 2019).

Here we summarise different approaches in the literature to calculating
the cost of capital. Financing for energy projects can occur either as
corporate finance, where the risk of the project remains on the balance
sheet of the borrowing entity, or as project finance, where a special purpose
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vehicle (SPV) is often used by the project sponsor to secure bilateral or
syndicated financing (Krupa & Harvey 2017). In the utilities sector, fossil
fuel power projects have often been financed through corporate finance,
while for renewables projects, project finance has driven growth (Steffen
2018). In the oil & gas sector, large companies with strong balance sheets
(oil majors) tend to use on-balance-sheet financing mechanisms such as
traditional equity, debt, and bank loans as their large size and diversification
allow them to obtain a low cost of capital (Duff & Phelps 2018). On the
other hand, smaller to medium companies with weaker balance-sheets and
less EBITDA often use project finance/asset-based lending for upstream
exploration and development (Duff & Phelps 2018).

In project finance, the availability of data is often limited, especially in
developing markets. Therefore, the use of surveys and expert interviews can
be appropriate for estimating the cost of capital (Steffen 2020). Interviews
with market participants and experts can also be used in combination with
other techniques. For example, a calculated estimate of the cost of capital
can be used as a starting point in interviews (Angelopoulos et al. 2016;
2017). Alternative methods include using competitive public-private auction
(PPA) data to back out the cost of capital using an LCOE model (Dobrotkova
et al. 2018).

Financial market data can also be used to estimate the project-specific cost
of capital using financial market proxies for off-balance-sheet SPVs. For
example, Werner and Scholtens (2016) use a broad measure of industry beta
to calculate the cost of equity using CAPM. Another method for project-
specific cost of equity is to take unleveraged beta of a comparable firm and
then re-leverage to the appropriate debt levels. For example, in Klessmann
et al. (2013) a capital structure of 70% debt and 30% equity is assumed. For
the cost of debt, financial market data can also be used, for example taking
corporate bonds with a similar risk distribution to energy projects (Werner
& Scholtens 2016). Using a different approach, Angelopoulos et al. (2017)
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add a renewable energy spread to a country risk factor (CDS spread
of Greek debt) and a risk-free rate (German government bonds) to
calculate the cost of debt.

For corporate financing, estimating the cost of capital is generally
more straightforward, especially when financial market data can be
used to directly obtain the cost of capital. If a company’s equity is
traded, the cost of equity can be obtained via the CAPM model using
historical estimates of beta. The implied cost of equity (ICC) can also
be calculated from valuation models such as the Gordon growth
model to back out the cost of equity from stock prices and future
earnings expectations (Frank & Shen 2016). Similarly, if a company has
traded debt, the cost of capital can be obtained from market prices. For
companies without traded securities, the cost of debt can be obtained
by analysing financial accounts, looking at interest expense relative to
outstanding debt on the balance sheet (Frank & Shen 2016).

1
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3 Changes in the Cost of Capital

In this section of the report, we outline key trends in the cost of debt
(loan spread) over time.

3.1 COST OF DEBT IN THE LOAN MARKET

To outline key trends in the cost of debt, syndicated bank loan data is
taken from LPC DealScan. The loan spread represents the loan yield
over and above a floating rate, such as LIBOR. Where the deal contains
multiple tranches with different loan spreads, an average is taken. The
basic unit of observation in DealScan is a loan facility or a tranche
which are then grouped into deals. The sample from LPC DealScan
includes loan information on 12,072 loan deals between 2000 and
2020, involving 5,033 borrowers across 118 countries. The transactions
in the energy and electric utilities sectors identified by The Refinitiv
Business Classification (TRBC) classification are based on the primary
business activity of an organisation. Where organisations have
multiple business segments, the classification is selected according

to the largest revenue contribution®. For energy production, we focus
on four industry groups: renewable energy (biofuels and renewable
energy services), oil & gas production, oil & gas-related equipment
and services, and coal mining. For electric utilities, we grouped into
two types: power generation and other electric utilities. Within power
generation, we manually identify renewable (solar PV and CSP, offshore
and onshore wind, biopower, and hydropower) and fossil fuel (coal-
fired and gas-fired) power generation plants®. Appendix 1 presents

the summary of loan deals and borrowers by energy type and power
generation technology. Loan spreads data are winsorized at 1% and
99% to handle outliers.

30 Oxford Sustainable Finance Programme

For energy production, we

focus on four industry groups:
renewable energy (biofuels and
renewable energy services), oil
& gas production, oil & gas-
related equipment and services,
and coal mining

4 Companies are assigned to an Activity, at the lowest level. The Industry, Industry Group, Business Sector
and Economic Sector assignments are derived from the classification hierarchy. Each organisation is
represented by one primary TRBC Activity and organisations cannot have multiple primary assignments.
A 60% of total revenue threshold is used to assign an industry to organisations with two business
segments. A 51% of total revenue threshold is used to assign an industry to organisations with three or
more segments.

5 Renewable power plants includes solar PV and CSP, offshore and onshore wind, biopower, hydropower
and geothermal power plant. Fossil fuels power plants include coal-fired, gas-fired and oil-fired power
plants. Because the number of deals in geothermal and heavy-oil fired power plants is very limited, less
than 10, we exclude them in the analysis by technology.
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FIGURE 13 LOAN VOLUME, 2000-2010 VS 2011-2020
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FIGURE 15 LOAN VOLUME, 2007-2010 VS 2017-2020
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These show that:

* Comparing the 2000-2010 and 2011-2020 average, the average loan
spread has increased by 65% for coal mining, from 235bps to 389bps.
Loan spreads for coal mining rose 54% to 426bps for the average of
2017-2020 relative to the average of 2007-2010. The increases in the
loan spread for coal mining occurred during both decades studied.

* Inoil & gas,the picture is more mixed. Although loan spreads have
risen since 2000, in the past decade, loan spreads in oil & gas have
remained largely stable, at 7% for oil & gas services and 3% for oil &
gas production, comparing the 2007-2010 and 2017-2020 average.

» Comparing the 2007-2010 to 2017-2020 average, loan spreads in
biofuels have decreased by 43%.
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Loan spreads for coal mining
rose 54% when comparing
the 2017-2020 average to
2007-2010

Figure 16 reports the changes in average loan spread by energy type
comparing 2000-2010 and 2011-2020. Figure 17 demonstrates the changes
in loan volume by comparing the sum in 2000-2010 with 2011-2020.
Figure 18 reports the changes in average loan spread by energy type
comparing 2007-2010 and 2017-2020. Figure 19 shows the changes in the
sum of loan volume by energy type comparing the sum in 2007-2010 with
2017-2020. These show that:

e Comparing the 2000-2010 and 2011-2020 average, loan spreads
for oil & gas production and services rose, except for oil offshore
production.

» Looking at the changes in loan spread from 2007-2010 average
to 2017-2020 average, the loan spread fell for oil offshore,
unconventional oil & gas, and gas onshore production by 41%, 26%
and 21% respectively.

 QOil onshore production and oil & gas refining account for the vast
majority of loans during both decades studied.
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FIGURE 16 LOAN SPREAD BY ENERGY TYPE, 2000-2010 VS 2011-2020

FIGURE 17 LOAN VOLUME BY ENERGY TYPE, 2000-2010 VS 2011-2020
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FIGURE 18 LOAN SPREAD BY ENERGY TYPE, 2007-2010 VS 2017-2020
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FIGURE 19 LOAN VOLUME BY ENERGY TYPE, 2007-2010 VS 2017-2020
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FIGURE 20 LOAN SPREAD AND LOAN VOLUME BY COUNTRY/REGION AND ENERGY TYPE, 2000-2010 VS 2011-2020
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Figure 20 reports the average loan spread and the sum of loan volume by
country/region for different energy types, 2000-2010 vs 2011-2020.The
changes in loan volume are for transactions where loan spread data is
available in the LPC DealScan database. The charts show that:

COAL MINING

e The average loan spread for coal mining has grown faster in
developed markets such as Europe, North America and Australia,
at 134%, 80% and 71% respectively, while it has risen slower in
emerging markets such as Latin America, China and Southeast Asia, at
56%,32% and 12% respectively.

» Along with the sharp increase in loan spread, the sum of loan volume
has significantly reduced by 90% in Europe. However, it has only
marginally decreased in North America and Australia by 11% and
23%.

» For the past two decades, the highest loan spread region is Southeast

Asia. It has risen by 12%, from 411bps to 461bps, comparing 2000-
2010 and 2011-2020.

GAS ONSHORE

39

¢ Onshore gas production loan spreads have decreased by 8% in North

America. Meanwhile, loans in gas onshore production have grown
quickly in North America, from $12.7 billion to $98 billion.

* The loan spread has increased in the Middle East and North

Africa, Europe and Sub-Saharan Africa by 118%, 202% and 169%
respectively.

Oxford Sustainable Finance Programme
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OIL ONSHORE PRODUCTION

* The cost of debt associated with onshore oil production has
decreased in India, China and Middle East and North Africa by 43%,
18% and 17% respectively, while it has increased in other regions/
countries.

o Comparing the sum of loan volume in 2000-2010 with 2011-2020, it
has more than doubled in North America.

OIL OFFSHORE PRODUCTION

* In Europe, the average loan spreads for offshore oil production have
decreased by 30%. Meanwhile, loans have risen sharply from $7.8
billion to $190.5 billion.

* In North America, offshore oil loan spread has increased by 47%, and
loan deals and volume have fallen by half.

The average loan spread for
coal mining has grown faster
in developed markets such
as Europe, North America
and Australia



SUSTAINABLE

Energy Productionl

UNCONVENTIONAL OIL & GAS

* In the United States, the average loan spread for unconventional oil
& gas has increased by 47%, and loan volume has declined from $17
billion to $4 billion.

 In contrast, loan spreads for unconventional oil & gas have
decreased by 13% in Canada, and the loan volume has risen from $6
billion to $13 billion.

GAS PIPELINES

» The cost of debt for gas pipelines has increased in Europe, North
America and India by 80%, 52% and 67 % respectively.

e The sum of loan volume for gas pipelines has doubled in North
America, from $84 billion to $166 billion.

» The vast majority of loans has been issued to North American firms
since 2000.

OIL PIPELINES

» The cost of debt for oil pipelines has risen in most regions. Loans for
oil pipelines has almost doubled in North America, from $35 billion
to $63 billion.The vast majority of loans has been issued to North
American firms since 2000.
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OIL & GAS REFINING

* In Europe, the average loan spread for oil & gas refining has
increased 54%. Meanwhile, over the past decade, loans in oil & gas
refining have more than doubled, from $174 billion to $361 billion.

* |In North America, the cost of debt has risen 17%. Meanwhile, the
sum of loan volume has increased by 14% since 2011.

BIOFUELS

» The average loan spread for biofuels has fallen in North America and
LATAM by 6% and 2% respectively.

e Loans for biofuels have declined dramatically in the United States.

LOANS IN OIL & GAS REFINING HAVE MORE THAN
DOUBLED, FROM 174 BILLION USD TO 361 BILLION USD
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There is a clear increase in loan spreads for coal mining across the
entire period and over the past decade, increasing 54% from 2007-
2010 to 2017-2020. This supports the findings of Fattouh et al.
(2019), who show that investors perceive coal as significantly higher
risk than other fossil fuel or renewable energy projects.

However, in oil & gas, the picture is more mixed. Although loan
spreads have risen since 2000, in the past decade loan spreads in
oil & gas services and oil & gas production have remained largely
stable, at +3% and +7% respectively. This suggestes that financial
constraints on oil & gas companies have not materialised in the
same manner as coal.

This difference between coal mining and oil & gas reflects that
lenders are potentially more ambivalent towards the latter when it
comes to transition risk. Although these risks are present in oil & gas,
lenders may view these as less material in the short-term, with loan
maturities averaging 4 years.

Overall, loan spreads in emerging markets remain higher than
developed markets for oil & gas. However, in coal mining, the largest
increases in loan spreads occurred in developed markets. In North
America, loan spreads have increased to levels comparable with
Southeast Asia and above China.

Oxford Sustainable Finance Programme
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This difference between coal
mining and oil & gas reflects
that lenders are potentially more
ambivalent towards the latter
when it comes to transition risk

THERE IS A CLEAR INCREASE IN LOAN
SPREADS FOR COAL MINING ACROSS
THE ENTIRE PERIOD AND OVER THE
PAST DECADE, INCREASING 54%

IN THE PAST DECADE LOAN SPREADS IN OIL & GAS SERVICES
AND OIL & GAS PRODUCTION HAVE REMAINED LARGELY
STABLE, AT +3% AND +7% RESPECTIVELY
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FIGURE 22 LOAN VOLUME, 2000-2010 VS 2011-2020

POWER GENERATION

8 -
0 462
§— e FIGURE 21 LOAN SPREAD, 2000-2010 | g
<+
VS 2011-2020
8 -
=3
a
w
=]
o | s
T : 27
s 2 s
o © o
g s 5
> ~° g o
g 2 s |
o (<]
- o | -
o
~—
Q4
o
i
o - o o -
i Renewables Fossil fuel
Renewables Fossil fuel
2000-2010 2011-2020
_ 2000-2010 average _ % change to 2011-2020 average _ _
[ 2000-2010 deals [ ] 2011-2020 deals
FIGURE 24 LOAN VOLUME, 2007-2010 VS 2017-2020
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Notes: Renewable power generation includes solar PV and CSP, offshore and onshore wind, biopower,and hydropower and geothermal power plant. Fossil fuels power plants include coal-fired, gas-
fired and oil-fired. Because the number of deals in geothermal and heavy-oil fired power plants is very limited, less than 10, we exclude them in the following analysis.. It is important to note that a
large proportion of electric power lending is not captured here, due to the large amount of diversified utilities companies.
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Power generation

Figure 21 reports the changes in average loan spread for power generation
comparing 2000-2010 and 2011-2020. Figure 22 demonstrates the changes
in loan volume for power generation comparing the sum in 2000-2010 with
2011-2020. Figure 23 reports the changes in average loan spread for power
generation comparing 2007-2010 and 2017-2020. Figure 24 shows the
changes in the volume for power generation comparing the sum in 2007-
2010 with 2017-2020. These show that:

and renewable power generation have increased by 55%
and 22% respectively.

e Comparing the 2007-2010 and 2017-2020 average, the
loan spread for fossil fuel power plant (coal-fired and gas-
fired power plants) rose 16%, while it has decreased 4%
for renewable power generation. Loans for renewables has
increased from $144 billion to $213 billion over the past
decade, while it has remained relatively stable for fossil fuel
power plants.

» Comparing the average cost of capital in 2000-2010 with 2011-2020,
the loan spreads for fossil fuel power plants (coal-fired and gas-fired)

FIGURE 25 LOAN SPREAD BY TECHNOLOGY,
2000-2010 VS 2011-2020

FIGURE 26 LOAN VOLUME BY TECHNOLOGY,
2000-2010 VS 2011-2020
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Power generation

Figure 25 reports the changes in average loan spread by power generation
technology comparing 2000-2010 and 2011-2020. Figure 26 demonstrates
the changes in loan volume by power generation technology comparing

the sum in 2000-2010 with 2011-2020. Figure 27 reports the changes in
average loan spread by power generation technology comparing 2007-2010
and 2017-2020. Figure 28 shows the changes in loan volume by power
generation technology comparing the sum in 2007-2010 with 2017-2020.
These show that:

the largest increase of 56%. The sum of loan volume has increased
sharply for offshore wind and hydropower.

» Comparing the 2007-2010 and 2017-2020 average, apart from
hydropower, biopower and concentrated solar power (CSP), all renewable
technologies saw falls in loan spreads. Offshore wind fell by 24% to
154bps, whereas onshore wind fell 12% to 180bps. In 2020, offshore and
onshore wind has the lowest renewable loan spreads, followed by solar
PV at 204bps. In fossil fuels, loan spreads for coal power saw the largest
increase at 38% in the past decade to 365bps, while gas power only
increased by 7%. Large amounts of loans have been issued to offshore
wind, hydropower and gas power plant from 2017-2020.

» Comparing the average loan spread in 2000-2010 with 2011-
2020, it has risen for all power generation technologies apart from
offshore wind, which fell by 4%. Within fossil fuels, coal experienced

FIGURE 27 LOAN SPREAD BY TECHNOLOGY, 2007-2010
VS 2017-2020

FIGURE 28 LOAN VOLUME BY TECHNOLOGY, 2007-2010 VS 2017-2020
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FIGURE 29 LOAN SPREAD AND LOAN VOLUME BY COUNTRY/REGION AND POWER GENERATION TECHNOLOGY
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Figure 29 reports the loan spread and volume by country/region for
different power generation technologies. The changes in loan volume are
for transactions where loan spread data is available in the LPC DealScan
database. The charts show that:

COAL POWER PLANTS

» Comparing the average loan spread in 2000-2010 with 2011-2020,
it has risen in North America, India and Southeast Asia nations by
47%,63% and 63% respectively. The sum of loan volume has grown
sharply in Southeast Asia and India, while it has decreased from $14
billion to $8 billion in North America.

GAS POWER PLANTS

» Comparing the average in 2000-2010 with 2011-2020, in North
America, the average loan spread has slightly risen by 16%, and loan
volume has increased sharply from $17.4 billion to $106 billion.

» However, over the past decade (2007-2010 vs 2017-2020), loan
spreads have decreased by 28% in North America.

SOLAR CSP

e Comparing the average in 2000-2010 with 2011-2020, the average
loan spread for Solar CSP has increased 18% in Europe.

* In this time period, the sum of loan volume has slightly decreased
from $9 billion to $7 billion in Europe.

SOLAR PV

» Comparing the average in 2010-2014 with 2015-2020, solar PV loan
spreads have decreased 27% in Europe. Meanwhile, loan volume has
risen from $2 billion to $3 billion for these transactions where loan

49 Oxford Sustainable Finance Programme

spread data was available.

» Over this time period, in North America, the average loan spread has
dropped by 32%. Meanwhile, loan volume has increased sharply from
$15 billion to $19 billion.

OFFSHORE WIND

» Comparing the average loan spread in 2010-2014 with 2015-2020, it
has fallen 39% in Europe, and loans have grown from $18 billion to
$63 billion. The vast majority of loans has been issued to European
firms since 2010.

e Over this time period, in North America, the average loan spread
has slightly dropped by 1%. Meanwhile, loan volume has slightly
increased from $1.2 billion to $1.5 billion.

ONSHORE WIND

e Comparing the average in 2010-2014 with 2015-2020, onshore wind
loan spreads for onshore wind have decreased in Australia, Europe
and North America by 41%,11% and 14% respectively.

e Over this time period, the vast majority of loans has been issued to
American firms.

Comparing the average in 2010-
2014 with 2015-2020, solar PV loan
spreads have decreased 27% in
Europe and 32% in North America
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HYDROPOWER

« Comparing the average in 2000-2010 with 2011-2020, the average
loan spread for hydropower has increased in most regions except
Southeast Asia.

» Over this time period, loan volume has grown sharply in Australia,
from $18.6 billion to $112.6 billion

BIOPOWER

» Comparing the average in 2000-2010 with 2011-2020, biopower loan
spreads have increased in North America and Europe by 9% and 100%
respectively.

PROGRAMME

Summary

e These findings show that loan spreads for renewables (solar and wind)

are falling, while loan spreads for fossil fuels are rising either marginally

in the case of gas, or sharply for coal power, where loan spreads increased
38% in the past decade. This finding is consistent with energy production,
where loan spreads in coal mining rose sharply relative to oil & gas.

This demonstrates that financial institutions have come to see coal

as high risk relative to other technologies. Another potential driver of
this sharp rise is that as developed markets turn away from coal and to
renewables, new coal power is more likely to occur in emerging markets,
where we have shown loan spreads to be higher.

As highlighted in this report, this divergence in loan spreads between
renewables and fossil fuel power could cause problems for incumbent
electric utilities companies. While increasing their share of renewables in
the energy mix could aid reductions in their overall loan spread, legacy
fossil fuel assets could offset this.

These findings show that loan
spreads for renewable power are
falling, while loan spreads for
fossil fuel power are rising
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4 Conclusion

In our first report as part of the Energy Transition Risk and Cost of Capital
Project (ETRC), we track how financing costs for fossil fuels and renewables
have changed internationally over the past 20 years. While climate-related
transition risks in the energy sector are sometimes viewed as distant, long-
term risks, the impacts of which will not be felt for decades to come, we
find this does not reflect reality.

In energy production, we find that there is a clear increase in loan

spreads for coal mining across the entire period and over the past

decade, increasing 54% from 2007-2010 to 2017-2020. This supports the
findings of Fattouh et al. (2019), who show that investors perceive coal as
significantly higher risk than other fossil fuel or renewable energy projects.

However, in oil & gas, the picture is more mixed. Although loan spreads
have risen since 2000, in the past decade loan spreads in oil & gas
services and oil & gas production have remained largely stable,at +3%
and +7% respectively. This suggestes that financial constraints on oil & gas
companies have not materialised in the same manner as coal.

This difference between coal mining and oil & gas reflects that lenders are
potentially more ambivalent towards the latter when it comes to transition
risk. Although these risks are present in oil & gas, lenders may view these
as less material in the short-term, with loan maturities averaging 4 years.

Overall, loan spreads in emerging markets remain higher than developed
markets for oil & gas. However, in coal mining, the largest increases in loan
spreads occurred in developed markets. In North America, loan spreads
have increased to levels comparable with Southeast Asia and above China.
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As highlighted in this report, this
divergence in loan spreads between
renewables and fossil fuel power
could cause problems for incumbent
electric utilities companies.

In power generation, we find that loan spreads for renewables are falling,
while loan spreads for fossil fuels are rising either marginally in the case

of gas, or sharply for coal power, where loan spreads increased 38% in the
past decade. This finding is consistent with energy production, where loan
spreads in coal mining rose sharply relative to oil & gas.

This demonstrates that financial institutions have come to see coal as high
risk relative to other technologies. Another potential driver of this sharp
rise is that as developed markets turn away from coal and to renewables,
new coal power is more likely to occur in emerging markets, where we have
shown loan spreads to be higher.

As highlighted in this report, this divergence in loan spreads between
renewables and fossil fuel power could cause problems for incumbent
electric utilities companies. While increasing their share of renewables in
the energy mix could aid reductions in their overall loan spread, legacy
fossil fuel assets could offset this.



Conclusion

In this report we have focused on tracking changes in the cost of
debt. The ETRC project will seek to do this regularly for financing
costs,and in future work we will also extend this to the equity
market, including the cost of equity and WACC estimated using the
capital asset pricing model and analyst’s earnings forecasts models.
In addition to further efforts to effectively track changes in the cost
of capital across the energy sector, ETRC will seek to understand
what is driving changes in the cost of capital, what is impeding or
enabling the pricing of risk,and how the changing cost of capital will
impact companies and providers of finance and investment. Research
in these areas is essential for,among other things, identifying
transformational interventions that can shift capital flows towards
clean energy and away from dirty energy. It will also provide insights
for shifting capital flows in other sectors of the global economy.
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APPENDIX 1 SUMMARY OF LOAN DEALS AND BORROWERS ) s:{
TRBC Industry group Sector Business activity No. of loan deals No. of loan borrowers
Coal power plant 66 42
Fossil fuel Gas power plant 136 86
Qil power plant 7 6
Fossil fuel (unclassified) 57 29
Biopower 8 7
Geothermal 2 2
Power generation Hydropower 103 64
Electric utilities & IPPs Offshore wind 52 46
Renewables Onshore wind 241 220
Solar CSP 26 21
Solar PV 179 131
Wind other 35 32
Solar other 48 31
Other electric utilities Electric and gas utilities 2410 908
Electric utility services 764 274
Biofuels Biofuels 84 41
Coal Coal mining 361 149
Coal services 44 29
Gas offshore 4 3
Gas onshore 79 40
Oil & gas production and exploration 0il offshore 73 42
Oil onshore 2127 995
Energy production Unconventional Oil & Gas 57 8
Gas pipelines 290 107
QOil pipelines 219 92
Oil & gas equipment and services LNG transportation 14 7
Oil & Gas refining 1480 461
Renewable energy services 445 357
Energy (unclassified) 2392 690

Notes: The acronym NEC stands for “not elsewhere classified”. The majority electric utilities borrowers are “Electric and gas utilities” and “Electric utility services” firm which are classified as “Other electric utilities”.
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