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FINANCING A GREENER PLANET –
VOL I
Catalyzing Private Capital for a Net Zero Emissions World
Kathleen Boyle, CFA
Managing Editor, Citi GPS

Do we really care about climate change? In 2019, Amnesty International asked 1825-year olds to name the five major issues facing the world. The most commonly
cited issue was climate change. Although young people tend to be more concerned
with climate change than older generations, there has been an increase in
awareness across all age groups. In the U.S., when asked if dealing with climate
change should be a top priority for government, 52% agreed in 2019, up from just
30% in 2009. In Europe, a Kantar survey found 60% of respondents think climate
change is one of the most serious problems facing the world, up from 43% in 2017.
Okay, we do care about it, now what's the plan? The Paris Agreement. Signed in
2015, the agreement brought 196 parties together with the same goal — to limit
global warming to below 2 degrees Celsius (2°C), compared to pre-industrial levels.
Despite a few wobbly moments, it looks like everyone is back onboard to live up to
their greenhouse gas reduction commitments.
Overall, momentum for climate action was increasing before the world was hit by
COVID-19. Despite the financial hardships brought about by the pandemic,
government focus on climate action is actually accelerating with stronger climate
policies and net zero emissions targets being put in place. This increased focus on
climate is occurring in parallel with a rise in corporate and individual focus. The
combination, we believe, puts us at a tipping point on climate action.
In order to decarbonize the world, a whole portfolio of mitigation needs to be
developed and implemented across the highest carbon-emitting sectors. Although
the pace of innovation has accelerated and investment has increased, the
investment gap between what's being spent currently and what needs to be spent is
huge— as much as $3-$5+ trillion per year.
Capital is needed to fund the technologies required help markets evolve towards
decarbonization. Advancements in battery technology, the hydrogen economy,
carbon capture and storage, electrification, and efficiency require investment to
become reality. Carbon management (i.e., carbon dioxide removal) and carbon
pricing will help to align investment and economic activity with climate goals.
Public sector spending is crucial to funding climate action together with private
investment. Luckily, green momentum in the investor community has led to an
explosion in assets under management incorporating ESG considerations. At over
$30 trillion, the challenge is putting these assets to work. Developing a clear green
framework will help deploy ESG assets where they are most needed.
Financial innovation is the key to matching capital supply and demand. Instruments
including project finance, green, social, and sustainability (GSS) bonds, SPACs,
'efficiency as a service', and green securitization are used to close the gap.
Given the scale of the issue, we've published Financing a Greener Planet in two
volumes. Volume I focuses on the three factors which indicate we are at a tipping
point on climate action — policy and regulation, innovation, and green momentum in
the investor community. Volume II is dedicated to the financial options available to
close the massive climate investment gap.
Let's invest in what we care about.
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Where There’s a Will, There’s a Way
CLIMATE FINANCE SPENDING NEEDS TO GROW BY AS MUCH AS 10X
We have reached the green tipping point where global climate policy activity is
accelerating alongside renewed green commitments from businesses, investors,
and consumers. But there is a substantial gap between the $3 — $5+ trillion level of
annual green investment needed to meet the 1.5°C climate by 2050 and the nearly
$600 billion of total climate finance invested in 2017/2018.

$88bn Commercial
Financial Institutions
$183bn Corporate
Actions
$55bn Households

Investment Needed

$216bn Development
Finance Institutions

Annual Spend

$37bn Government

$579 billion
$122 trillion

Annual Climate Finance Spend (2017-18) vs. Green Investment Needed
Source: Climate Policy Initiative and GFMI
to Meet Climate Goals:
$94.6tn
Electrification
and Renewables
$12.1tn
Efficiency
and Circularity
$15.0tn
Alternative
Technologies

GREEN MOMENTUM IN THE INVESTOR COMMUNITY
CONTINUES TO BE STRONG DESPITE, OR POSSIBLY
ENHANCED BY, THE COVID-19 PANDEMIC
Interest around Environmental, Social and Governance (ESG) investment started
taking off in 2018 with ESG assets under management hitting $30 trillion.
Momentum continues to expand with asset managers bringing a range of
new methodologies to the investment process to meet increasing demand.
ESG Assets Under
Management by Class (2018)

Current ESG
Investing Approaches

Source: Citi Business Advisory Services

Source: Citi Business Advisory Services

51%
Public Equity
36%
Fixed Income
Private Equity/Venture Capital 3%
3%
Real Estate
7%
Other
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Negative Screening
ESG Integration
Stewardship and
Corporate Engagement
Other

New approaches to ESG investing

39%
35%
20%
6%

1

Data: Expansion of ESG data
set to identify E, S, and G risks

2

Linkages: Improved
linkages of capital allocation
to ESG risks and goals

3

Investment Universe:
Creating more materially
relevant investment universes

4

KPIs: Development of KPI’s
the measure non-financial
returns over time

A PORTFOLIO OF MITIGATION IS NEEDED FOR DECARBONIZATION
TO TRANSFORM THE GLOBAL ECONOMY
Decarbonizing the world requires nothing short of a great transformation of the global
economy, with no single silver bullet, but instead a whole portfolio of mitigation.

Carbon pricing
Carbon taxes, carbon emissions trading systems, carbon credits

Renewables
Solar, wind, battery storage

Carbon Dioxide Mitigation Solutions
Carbon dioxide removal and carbon capture and storage

Hydrogen
Green, blue and grey

Transportation
Road, aviation, shipping
Metals
Primary and secondary metals
Agriculture
Acreage, food waste, sustainable and smart ag

GREEN FINANCE IS THE MATCHMAKER BETWEEN THE ‘WANT’ AND THE ‘NEED’
Financing is important as many green technologies require large upfront capital costs versus low to zero (and even
negative) marginal costs. Creative financing options help match the trillions of dollars of demand for capital for green
projects with the rising investor demand for green projects.

$1 trillion
Size of Sustainable
Debt Capital Markets

53%

76%

Social and Sustainability
Percent of $3.8 trillion
bond offerings as % of all U.S. municipals market
Sustainable bond issuance likely to be ESG-aligned
in 2020

$450 billion

33%

Value of corporate or
sovereign bonds with a
‘green’ label denominated
in $, €, or £

Share of utility
sector in 2019-20
green bond issuance
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Executive Summary
Climate change is a defining challenge of our time. Record temperatures and
increasingly extreme and frequent droughts, floods, wildfires, and storms bear clear
testimony to global warming. Indeed, even with accelerating action today, some
climate change is locked-in for the near future due to past greenhouse gas (GHG)
emissions. Climate action will require extensive climate mitigation but also climate
adaptation. Climate mitigation to achieve the Paris Agreement goals — remaining
within 1.5 degrees Celsius (1.5°C) from pre-industrial levels — requires staying
within a carbon budget of ~420-580 GtCO2e. This means today's GHG emissions of
~53 GtCO2e on net need to be cut in half by the 2030s, and reach net zero by midcentury. Net negative emissions would further help as part of ongoing climate
restoration.
The world is still battling COVID-19, though the accelerated development of
effective vaccines means an end is in sight in 2021. Behavioral changes postCOVID-19 are forecast to be aggressive, but as they likely fall short with regard to
sustained emissions reductions, strong climate policy is still needed. A strong
economic case can also be made for a green recovery coming out of the pandemic.
Momentum for climate action was already underway before COVID-19, but is
now accelerating and reaching a tipping point. Governments are putting net
zero emissions targets and stronger climate policies in place for mid-century,
notably the EU and China. The U.S. has rejoined the Paris Agreement in 2021.
International climate diplomacy to engage emerging markets (EMs) is important —
without a shift in trajectory, EMs are expected to see rapid growth in fossil fuel
consumption. Corporations and investors are also joining the “net zero club”, while
individuals are embracing climate considerations in lifestyles and consumption.
Meanwhile, the oil and gas sector is also adapting to the wider energy transition.
Decarbonizing the world requires nothing short of a great transformation of
the global economy, with no single silver bullet, but instead a whole portfolio
of mitigation. Decarbonization needs to take place in the power, transportation,
industrial, agriculture, and building sectors. Decarbonization in power is now moving
at a brisk pace, and is foundational for clean electrification. Road transportation
decarbonization is picking up via electric vehicles (EVs), but trucking may require a
more mature hydrogen economy. Aviation and shipping require very high energy
density and batteries are not there yet. Instead, renewable and synthetic fuels
represent the nearer-term decarbonization pathway for aviation, while
decarbonization of shipping could be achieved through utilizing hydrogen and
ammonia as the hydrogen economy matures; Liquefied natural gas (LNG) could be
a bridge fuel. Heavy industries (chemicals, cement, steel, etc.) require a
combination of efficiency, scrap use, electrification, hydrogen, and carbon capture
and storage to decarbonize. Agricultural GHG emissions come less from carbon
dioxide (CO2) and more from methane and NOx, so major decarbonization could
come from process changes, but more specifically alternative proteins. Buildings
are decarbonizing through efficiency, electrification, and distributed solar and
battery. Metals are an enabling material for most decarbonization technologies, but
also need to decarbonize as a sector itself. Overall, efficiency and adopting ‘circular
economic thinking’ need to be applied across the board.

© 2021 Citigroup

7

Citi GPS: Global Perspectives & Solutions

8

February 2021

Carbon management, including negative emissions technologies, needs to be
part of the decarbonization portfolio. This includes carbon dioxide removal
(CDR) via carbon capture and storage (CCS). CCS is crucial for decarbonizing
concentrated GHG emissions from industrial and power sectors, and can help
produce “blue hydrogen”, a low-carbon source of hydrogen to kick-start a hydrogen
economy. However, CDR also includes a wide range of natural and engineered
solutions for removing CO2 from the atmosphere. This already happens in
agriculture, forestry, and land use (AFOLU). Engineered solutions include CCS but
also direct air capture (DAC) to process atmospheric air and remove CO2. Hybrid
solutions also exist including enhanced soil carbon sequestration through cultivating
plants that store much more carbon for longer in their root systems, which can be
meaningful for the global net carbon balance. Bioenergy with CCS (BECCS) and
DAC are among the technologies that can provide net negative emissions, by
removing CO2 from the atmosphere, and storing it in underground geologic
formations, essentially permanently. Carbon management is a sector that critically
needs a carbon price to be economic, and thus investable.
There is a massive investment gap that must be closed to meet climate goals,
perhaps as much as $3-5+ trillion per year. Public sector investment is
crucial, but boosting private investment is critical too. Policy innovation as
well as financial innovation are needed to boost private financing for green
investments. Financing is particularly important as many green technologies
require large upfront capital costs versus low to zero (and even negative) marginal
costs. This may in fact be the first time there are both trillions of dollars of demand
for capital for green projects, as well as investor demand for green projects. There
is a growing pipeline of green projects that require investment, and a growing line of
investors looking to invest in broadly ESG-aligned opportunities.
Policymakers need to provide a stable, enabling policy environment, with
clear long-term targets providing policy certainty. This includes a clear green
framework, carbon prices and other fiscal measures, infrastructure investment that
supports renewables and EVs and a hydrogen economy, and overall
decarbonization technology research, development, and deployment (RD&D).
A clear green framework is essential for green finance to truly flow, and to
avoid “greenwashing”. While this has been a sticking point, the world is now at a
critical point of convergence and maturation. Once the green framework matures,
this can dramatically catalyze private green investment, not unlike the way earlier
financial frameworks and accounting standards became part of mainstream finance.
A clear green framework involves taxonomies of climate-aligned activities, and
exists currently in the EU Taxonomy. Included are climate-related disclosures for
companies and financial institutions, notably the TCFD (Task Force on ClimateRelated Financial Disclosures) recommendations. Carbon accounting and
sustainability accounting principles for green financial instruments need further
development. Broad and credible data and metrics for legal and regulatory
compliance, as well as decision-making by investors, businesses, policymakers,
and consumers need further development.
Carbon prices are absolutely crucial to (1) accelerate decarbonization, (2) as
part of a suite of climate policies, and (3) to provide clear economic signals to
align investment and economic activity with climate goals. Putting a price on
carbon internalizes the externalities of climate change, and better aligns economic
decisions with climate goals. The good news is that carbon-pricing initiatives are
likely to be launched in more jurisdictions, cover more sectors, and push to higher
price levels. For some crucial parts of the decarbonization pathway, carbon prices
are essential, such as for CCS.
© 2021 Citigroup
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For others, they greatly improve the competitiveness of climate-aligned
technologies, thereby accelerating the shift. Carbon prices can provide clear climate
benefits, while raising revenues for climate spending, alongside a suite of policy
tools supporting environmental justice for vulnerable communities.
Good climate policy, including the above considerations, helps to boost the
returns and reduce the risks of green investments and green financing.
Further policy innovations can be focused on de-risking specific risks across the
green investment landscape. Financial innovation further helps to match capital
supply with project demand, and manage risks among economic actors, along the
whole pipeline from projects to primary and secondary markets.
This two-volume report is divided i four sections. Here is our roadmap.
Volume I – Catalyzing Private Capital for a Net Zero Emissions World
Section 1. The world is reaching a green tipping point focuses on governments
and policymakers. Chapter 1 looks at how global climate policy and regulations are
evolving. Chapter 2 looks at the green investment gap and how policies might
catalyze private green investment. Chapter 3 looks at post-COVID-19 economic
trends. Chapter 4 looks at economic and climate policy trends at a global level and
in selected countries and regions.
Section 2. How markets are evolving reviews the economic, policy, and
commodities market trends that help or hinder decarbonization efforts. Chapters 511 cover carbon pricing initiatives; the power sector including renewables; carbon
dioxide removal and carbon capture and storage; the emerging hydrogen economy;
sustainable transportation; the metals sector; and sustainable agriculture.
Section 3. Green momentum in the investor community looks at how green and
wider environmental, social, and governance (ESG) factors are becoming
mainstream in the financial sector. Chapter 12 looks at ESG trends in investment
management. Chapter 13 provides a view on sustainable investing from the
perspective of Citi Private Bank. Chapter 14 looks at the upcoming convergence
and maturation of a green framework for climate-aligned finance, including
taxonomies, disclosures, carbon/sustainability accounting, and data availability and
transparency. Chapter 15 discusses the challenges of greening the financial system
for central banks and financial regulators.
Volume II – Bridging the Gap between Green Investment and Investors
Section 4. Green financing options: from projects to primary and secondary
markets draws on the expertise of financial professionals across Citi to cover a
large part of the landscape of green finance. At the project level, this includes the
financing of green projects at the asset level, via project finance (Chapters 1 and 2),
venture capital (Chapter 3), and private equity. Efficiency investments can be
financed on the basis of a stream of future savings, including the “Efficiency as a
Service” model (Chapter 4). Development finance institutions (DFIs), export credit
agencies (ECAs), and multilateral institutions help to finance green investments
worldwide, including in developing countries (Chapter 5), helping to de-risk EMrelated risks, including sovereign, political, and currency risks. Financial institutions
and corporates can influence companies along the supply chain to decarbonize as
part of reducing Scope 3 emissions (Chapter 6). At the primary and secondary
market levels: green, social, and sustainability bonds are growing quickly, with KPIlinked bonds providing performance measures rather than use of proceeds criteria
(Chapter 7).
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Municipal bonds are typically climate-friendly even if they are not yet labelled as
“green” (Chapter 8) and are important for sustainable cities and infrastructure. On
the equities side, Special Purpose Acquisition Corporations (SPACs) have been
seeing a surge in interest in 2020, and provide an alternative path to traditional
IPOs for private companies looking to go public, and suit high growth companies
(Chapter 9). Overall, the green pipeline from private financing to public fixed income
markets continues to grow along with investor demand and facilitative policies
(Chapter 10), including in emerging markets (Chapter 11). Meanwhile, green
securitization remains in its infancy and should continue to grow, and as a sector is
important in pooling, re-bundling, and recycling capital such that many smaller,
fragmented green investments can reach the scale to meet large institutional
investors’ needs (Chapter 12).
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Section 1
The World Is Reaching a
Green Tipping Point
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1. Global Climate policy and Regulations are
Spurring Green Investment
ICG Markets and Securities Services
Elree Winnett-Seelig
Amanda Hale

Global Government Affairs
Ilan Jacobs

Amidst the ongoing drama of the COVID-19 crisis, it seems hard to recall that
about a year ago at the annual gathering of the World Economic Forum at
Davos, leaders were re-committing themselves to combating climate change.
Cross-industry initiatives promised new efforts to track and account for firms’ climate
risk, asset managers set out strategies to re-shape their portfolios towards greener
assets and banks pledged to fund green projects to the tune of many billions of
dollars.
In addition to the devastating effect on people’s health and our communities, the
government response to COVID-19 roiled financial markets in the first half of 2020
and the damage to the real economy remains to be seen. While government
financial firepower has been rightly being directed at shoring up economies, there
have also been significant financial commitments to low carbon and transition
initiatives and public investment in green projects. The private sector has responded
to the societal and commercial imperative as well with a number of corporates
making net zero commitments and still more disclosing their climate alignment and
implementing plans to become more sustainable. While consumers are driving
some of the sustainable targets, increasingly policymakers and investors are
demanding these actions.
Many investors now recognize the embedded risk that climate change
represents in their portfolios and are looking to deploy capital to align with their
values or participate in the energy transition. Renewable energy funds, particularly
solar, had incredibly strong growth in 2020, with several providing returns of more
than 100%.
Strong investor interest is critical as demand for private funding to finance the
transformation to a 2°C or ideally a 1.5°C world will remain after the COVID-19
crisis subsides. More governments around the world are making policy and
legislative commitments to net zero targets and will need to fund them. This chapter
explores the public and private sources of that funding, the barriers to investors
financing those commitments, and what policymakers around the world are doing to
tackle those barriers and attract greater private sustainable finance.

The Demand
Policymakers across the globe are keen to attract private finance green
support and enhance this shift to sustainable finance, driven by the scale of
funding needed to meet their commitments under the Paris Agreement. The
UN Intergovernmental Panel on Climate Change (IPCC) calculated that to reach a
1.5°C world, the average annual investment in transitioning the global energy
system to reduce greenhouse emissions needs to be approximately $2.4 trillion per
year between 2016 and 2035.1 This represents an increase in the level of annual
investment in low-carbon energy technologies and energy efficiency of roughly a
factor of six by 2050 compared to 2015, overtaking investment in fossil fuels
globally by around 2025.2

1

IPCC, (2018). Chapter 2. Special Report on Global Warming of 1.5°C,
https://www.ipcc.ch/sr15/
2 IPCC, (2018). Chapter 2. Special Report on Global Warming of 1.5°C,
https://www.ipcc.ch/sr15
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A more recent industry-led study found the volume of financing focused specifically
on enabling climate change mitigation necessary to “achieve a scenario of limiting
temperature rise to 1.5°C will have to grow to over $100–$150 trillion cumulative in
the next three decades, representing an average investment of $3–$5 trillion+ per
year globally for decarbonization of 10 sectors that represent 75% of global
emissions”.3
On a regional level, as the largest jurisdiction with planned legislation to
reach net zero, the EU estimates €260 billion of additional investments per
year are needed to achieve the 2030 targets it agreed in Paris, including a 40% cut
in greenhouse gas emissions.4 This amount is equivalent to about 1.5% of 2018 EU
gross domestic product (GDP).5 The EU has since submitted an increased target of
a 55% cut by 2030, which will inevitably require enhanced investment ambition.
Beyond the investment required in renewables and energy storage, funds are
needed to finance water efficiency and recovery, sustainable agricultural
systems and mitigating erosion, as well as funding the shift to a circular
economy, including waste recycling. Although renewables such as on-shore wind
and solar are on an equal footing in terms of cost, the pay-back period can be much
longer than conventional energy production, in addition to requiring smarter grids,
energy storage, and other connected investments.
Aware that the public sector alone cannot meet this funding challenge,
policymakers have sought to stimulate private finance through the
development of a range of policies and regulations, as well as direct support.
These range from the widespread use of feed-in tariffs to subsidize the
development of wind and solar energy production to tax breaks for renewable
energy developers and the various carbon price support mechanisms, set out in
Chapter 3.
While these measures have attracted initial levels of private finance, they
have been inconsistent and unpredictable, and have not sufficiently
addressed the barriers to investment that potential investors in green projects
face. To attract the staggering additional sums required for the transformation of a
global economy built on burning fossil fuels to a net zero carbon one, a raft of new
policy interventions will be needed and perhaps a similar transformation in the
mindset of investors, politicians, and industry.

The Will
To some extent policymakers looking to increase the supply of private
sustainable finance should be pushing at an open door. While the shift from
active funds into passive investments has been re-shaping the investment
landscape over the last decade, the concurrent shift into alternatives, beyond real
estate, in the search for yield has given needed momentum for green investment.

3 https://www.sifma.org/wp-content/uploads/2020/12/Climate-Finance-Markets-and-theReal-Economy.pdf
4 https://eur-lex.europa.eu/legalcontent/EN/TXT/?qid=1576150542719&uri=COM%3A2019%3A640%3AFIN#footnote28
55 “From ‘Why’ to ‘Why Not’: Sustainable Investing as the New Normal”,
www.mckinsey.com, and “Remarks at Launch of the New Climate Economy Report”,
www.un.org.
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ESG funds under management continue to grow,6 demonstrating the
continuing interest on the part of both investors and corporates to participate
in the green asset revolution. Green bond issuance has increased substantially
each year, with the Climate Bonds Initiative’s analysis of annual green bond and
loan issuance for 2019 showing $266.1.9 billion that met internationally accepted
definitions of green were issued, up 52% on the final 2018 figure of $171.1 billion.
Despite the impact of COVID-19, Climate Bonds Initiative reported $222.8 billion of
green bond/loan issuance for 2020 and over $1 trillion in cumulative issuance.7
The seemingly insatiable appetite among investors for Green Bonds is one
illustration of the shift in investor attitudes. More and more asset owners want
to see corporates aligning their business models with the Paris targets and
increasingly asset managers are responding by re-shaping their investment
strategies to enhance their exposure to greener assets and sending strong signals
to corporate issuers that they need to address the climate risk on their balance
sheets. This shift has been demonstrated by asset managers looking to place
sustainability at the center of their investment approach.8
The growth of voluntary frameworks and investor commitments like Climate Action
100+, with more than 450 investor signatories and more than USD 39 trillion in
assets under management9, and the Investor Agenda, with nearly 1,200 investors
managing over $35 trillion in assets,10 are further illustrations of the importance
investors are placing on encouraging corporates to take action to reduce their
contribution to climate change.
This pressure on corporates is combined with strong growth in ESG-linked
funds. The Global Sustainable Investment Alliance (GSIA) calculated that at
least $30.7 trillion of funds were held in sustainable or green investments in
2018, up 34% from 2016.11 This growth comes as investors are particularly looking
to increase their exposure to Alternative Assets, expanding their portfolios beyond
real estate in the search for yield. Spurred on by the increasing commitment of
governments around the world to implement the Paris Agreement and a host of
supportive policies, investors have ploughed cash into projects that can help make
the transition to a low-carbon world.

The Hurdles
Despite strong commitments to the Paris agenda and the regulatory and
public pressure to show their sustainability credentials, banks and investors
still struggle to increase their funding of green assets. While the need for
capital to underwrite green projects is clearly there, the allocation of capital to these
projects is a niche, albeit growing, pursuit among investors.

6 See Field, A. “SRI Investing in the US Now $12 Trillion In AUM.” Forbes. Nov. 26,
2018; Kilroy, M. “SRI Investing In The US Now $12 Trillion In AUM." Pensions &
Investments. Sept. 3, 2018; and Chandler, B. “Cerulli reports ESG demand is growing.”
Wealthadviser. Dec. 17, 2018.
7 https://www.sifma.org/wp-content/uploads/2020/12/Climate-Finance-Markets-and-theReal-Economy.pdf
8 For example: https://www.blackrock.com/corporate/investor-relations/larry-fink-ceoletter
9 http://www.climateaction100.org/
10 https://theinvestoragenda.org/
11 https://www.bloomberg.com/graphics/2019-green-finance/
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Moreover, the sustainable investment gap identified earlier in this chapter speaks to
a market failure, or at least significant barriers to be overcome before sufficient
funds can reach the required amount of green projects.
The hurdles to investing in green projects are significant for corporates,
banks, and investors. For corporates, the return on capital typically produced by
green assets is over a longer time period and may have a lower internal rate of
return than more traditional energy and infrastructure investments have historically
(including fossil fuels).
While policy interventions can alter the level of return, such as carbon pricing
(see Chapter 5), for corporates reporting on a typical quarterly cycle, pressure
to produce steady earnings can make less sustainable projects more
attractive. There is also a capacity issue internally, with many firms having to
organically build the expertise to successfully develop and deliver these new
“green” portfolios that are frequently in different jurisdictions to their core business
and are underpinned by technologies that are outside their core competencies.
Sustainable projects like renewable energy, recycling, and water efficiency are
frequently new businesses that are grown organically so can be slow to scale,
which further deters corporates from investing in them.
The need for longer-term financing also deters banks from providing the
requisite capital for these projects, as long term is not typically the tenor that
banks finance directly, making it harder and more expensive for corporates to raise
the necessary finance. Banks also frequently have industry, country, and credit
quality concentration limits that create upper limits on exposures. As many of these
assets are longer term in nature, the cumulative nature of projects underwritten
means that these concentration limits can be reached relatively quickly with new
large projects.
Even with the best will and intent, large investors also frequently have
concentration limits on exposures, much like their bank peers. Pre-payments,
which can be a feature of many projects (to reduce debt when cash flow is strong)
also create asset/liability mismatches that can deter investments.
Realistically, investment in green real assets, while achieving a societal goal
and potentially yielding strong returns, can also be more risky. Project
approvals are subject to environmental and historical impact assessments, and
public consultation periods can be lengthy and not always end with approvals.
Importantly, while some technology is well-proven and has been commoditized, like
photovoltaic (PV) systems and wind turbines, other technology like batteries and
plastics recycling, are still being commercialized. Moreover, most large projects,
particularly renewables, are idiosyncratic and therefore take time and expertise to
bring on line, but also have a measurable failure rate in terms of approvals. Once
developed, it should also be recognized that normal operational, management, and
market dynamics can mean calls for additional capital, lower returns, or even project
failure — all increasing the risk of the project.
This increased risk has significant implications for key funders, including
banks and long-term investors like pension funds and insurance companies, who
act as a fiduciary and therefore cannot risk significant tranches of their portfolio on
financing these projects. In addition, the idiosyncratic nature of these projects can
also make them more difficult to securitize, removing another key tool in the
financier’s toolbox.
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The lack of liquidity of green projects is a further factor as to why investors
have been reluctant to fund them. Due to their illiquid nature, it is very hard to
consistently state the value of green assets on a financial institution’s balance
sheet. Put simply, how should institutions get a ‘mark to market’ on them?
Many financial institutions have fiduciary and prudential obligations to
maintain greater portions of their portfolios in liquid, investment-grade,
publicly traded assets. In the wake of a number of well-publicized problems with
retail investment funds, regulators are naturally stepping up the reporting
requirements to include ‘illiquids’. Regulators have rightly placed strict liquidity
requirements on institutions, but this has an unintended effect of limiting the green
finance they can undertake, due to the illiquidity of these investments.
A lack of agreement on what is green can also create uncertainty for
investors. While policymakers are slowly developing classification systems for what
a ‘sustainable investment’ looks like, details of which are discussed below, there is
not yet a globally consistent interpretation. (See Chapter 14 on the issue of
harmonizing global sustainability frameworks.)
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The EU’s taxonomy is an important step in the right direction, as discussed
further below, but even the passage of such a comprehensive classification
system into law can create uncertainty. Citi Research uncovered concern among
investors that the EU Taxonomy has drawn its criteria so tightly that there will not be
enough investable assets that qualify:
“In our existing conversations, investors have expressed concern that the supply
of real-world assets that are taxonomy-compliant is far too limited to provide
them with sufficient investment space to utilize the taxonomy at any scale at
present. Furthermore, many have been concerned that the EU Sustainable
Taxonomy itself does not do much to prompt any growth in asset pipeline.”12
In addition to these concerns about the availability of taxonomy-compliant
assets, investors may also wonder what the implications are for the assets
they hold that are no longer considered sustainable under the taxonomy, and
if the narrow band of assets that currently qualify remain so as the EU reviews its
criteria over the next few years. This is of particular concern for European retail
investment firms, who may worry about offering sustainable funds to retail investors
that contain assets that may not always be considered sustainable. These
legitimate questions will need to be addressed by the EU and other jurisdictions
around the world as they seek to continue developing their own taxonomies.

The Regulatory Response
Policymakers are aware of the need to remove the barriers preventing a
greater flow of investment into green projects and have responded with a
range of interventions. While different jurisdictions have placed emphasis on
different elements of the policy mix, there is a broad consensus around the need to
reorient capital flows towards sustainable investment, in order to achieve
sustainable and inclusive growth. As Mark Carney, the former Governor of the Bank
of England, expressed when launching the COP26 Private Finance Agenda:
“…we will work with you — the private sector — to put in place the frameworks
so that you can do what you do best — allocate capital to manage risks and
seize opportunities across the economy. … to help unlock the private financial
flows that are vital to the transition. This will support a wider shift to Paris
alignment …”13

Taxonomies
As already mentioned, much regulatory attention has focused on efforts to
develop a common definition of what constitutes a sustainable investment —
a critical task, providing much needed clarity for investors. Policymakers,
investors, and corporates across the globe agree the shift of capital flows towards
more ‘green’ activities has to be underpinned by a shared, holistic understanding of
the environmental sustainability of activities and investments. Clear guidance on
activities qualifying as contributing to environmental objectives are necessary to
inform investors about the investments that fund environmentally sustainable

12 P8, “Investing in the EU’s Quest for Climate Neutrality: An ESG Playbook for the EU
Sustainable Taxonomy”;
https://www.citivelocity.com/rendition/eppublic/documentService/ZG9jX2lkPTk3Mjk4NQ?
parentDocData=cGFyZW50X2RvY19pZD05NzMwODAmY2hhbm5lbD1kY20mc3ViLWN
oYW5uZWw9ZW1haWwmcGxhdGZvcm09ODQ#/
13 https://www.bankofengland.co.uk/-/media/boe/files/speech/2020/the-road-to-glasgowspeech-by-markcarney.pdf?la=en&hash=DCA8689207770DCBBB179CBADBE3296F7982FDF5
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economic activities. A common classification system, or taxonomy, should also
underpin corporate disclosures, banks’ risk management (although this will also
require common classifications for climate risk, not just sustainability), and asset
identification and investment for investors. It is viewed as a fundamental building
block of the shift towards a low-carbon future.
However, while policymakers, investors, banks, and corporates agree on the
need for a common taxonomy, concerns remain that individual jurisdictions
are paying insufficient attention to aligning their own nascent taxonomies.
This is a particularly significant issue in a world dominated by global flows of capital,
steered by global firms and may serve to fragment the global pool of available
capital for investment. Having consistent international standards is essential for
policymakers to attract the large financial institutions and the capital they manage
into green investments. It is much less efficient and more costly for these institutions
to shape their activities to different standards in every jurisdiction and they may
instead prefer to focus their investments in the one or two markets large enough to
justify the regulatory costs involved. Common international definitions and global
standards will enable a more liberal flow of capital to wherever green investments
are required and can provide a return.
While also aimed at providing clarity for investors, the other competing classification
systems in use around the globe may only serve to fragment the global pool of
available capital.
While investors wait to see the Biden administration's approach to this topic,
China, Japan, and several other jurisdictions have also developed, or are
developing, their own taxonomies, although they are not always referred to as
such, appearing as official definitions for green loans and green bonds. The
People’s Bank of China (PBOC) supported a China Green Bond Endorsed Project
catalog in 2015, which gives six categories of eligible green bonds such as clean
transportation, clean energy, and climate change adaptation and provides detailed
criteria and thresholds for those categories.14 Similarly, the Ministry of Environment
of Japan (MOEJ) issued Green Bond Guidelines with metrics for use in a range of
sectors including renewable energy, energy conservation, and green buildings
among many.15 (For more on green bonds, see Volume II, Chapter 7.)
As perhaps the leading regulatory superpower in this space, it is likely that
the EU Taxonomy becomes the one most widely adopted by investors. Indeed,
the soon-to-be-formalized EU Green Bond Guidelines will include a requirement
that green bonds issued using them commit to a taxonomy compliant use of
proceeds. The International Capital Markets Association (ICMA) has stated the EU
Taxonomy is likely to form the basis of the transition bond principles.16
The EU demonstrated the seriousness of its drive to take global leadership on
sustainable finance policy with the establishment of the International Platform
for Sustainable Finance, which it gives the ultimate objective as “to scale up the
mobilization of private capital towards environmentally sustainable investments”.17

14

http://greenfinance.org.cn/displaynews.php?cid=79&id=468
http://www.env.go.jp/en/policy/economy/gb/gl_point_en.pdf
16 https://www.environmental-finance.com/content/news/eu-taxonomy-to-be-reference-ininnovating-bond-market-icma.html
17 https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainablefinance_en#ipsf
15
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The U.K. has already applied to join the IPSF, and should the U.S. join under the
Biden administration it could truly become the central forum for global coordination
of sustainability regulation. A possible step towards that goal was taken on the
International Platform's first anniversary, when it launched a working group co-led
by the EU and China to "explore common ground in their respective approaches to
classify green economic activities, so called 'taxonomies'".18 Perhaps further
evidence for investors' assumption that the EU's taxonomy is likely to set the global
standard. (See also Chapter 14 on the issue of harmonizing global sustainability
frameworks.)

The European Green Deal
Another aspect of stimulating green finance where the EU has shown
leadership is the European Green Deal (EGD). Although politicians in many
countries talk in rhetorical terms of a ‘Green Deal’, often referring to building a low
carbon sustainable economy and the creation of new, high tech, jobs, the European
Green Deal has been published and sets out the EU’s plans to be the first climateneutral bloc in the world by 2050.
Highlights of the EGD can be seen below.

18https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/
documents/201016-international-platform-sustainable-finance-statement_en_0.pdf
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The European Commission presented its Green Deal in December 2019. In addition
to the large number of energy, buildings, transportation, and land use regulations
the Green Deal will usher in, there is a significant focus on sustainable
investment and reaching the $260 billion annual investment the European
Commission estimates is needed to meet the 2030 goals.
The centerpiece of this funding plan is the ‘Sustainable Europe Investment
Plan,’ which will ‘combine dedicated financing to support sustainable investments,
and proposals for an improved enabling framework that is conducive to green
investment.19

19

https://eur-lex.europa.eu/legalcontent/EN/TXT/?qid=1576150542719&uri=COM%3A2019%3A640%3AFIN#footnote28
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While questions have been raised by some about the merits of spending public
funds on the EGD in light of the need to repair the economic damage wrought by
COVID-19,20 EU leaders re-affirmed their commitment to the package and tasked
the European Commission with preparing:
“the measures necessary to get back to a normal functioning of our societies
and economies and to sustainable growth, integrating inter alia the green
transition …. This will require a coordinated exit strategy, a comprehensive
recovery plan and unprecedented investment.”21
Indeed, there are arguments to be made that climate-friendly government spending
is effective at creating jobs, encouraging business investment, and boosting
productivity. (See the jobs and economic growth focus of the EFI’s A Green Real
Deal, and the Oxford Smith School report, “Will COVID-19 fiscal recovery packages
accelerate of retard progress on climate change?”.

Green Quantitative Easing
Although not yet embraced by any jurisdictions, another method of financing
the transition to a net zero carbon economy gaining traction in some quarters
before the COVID-19 crisis is direct central bank financing – so called ‘Green
Quantitative Easing.’ Progressive groups in the U.K. have proposed that:
“money creation by the Bank of England that would pay for the decarbonisation
of the economy rather than, as was the case during and after the financial crisis,
being pumped into the banking system.22”
A similar idea to use the European Central Bank’s (ECB’s) monetary policy to fund
the EGD has been floated by socialist MEPs. Pierre Larrouturou suggested:
“the ECB could invest more in the climate. It creates €240 billion each year and
invests €100 billion every month…. why not put some of those funds, not in the
private banks, but in the climate bank?23”
Although mostly the preserve of the fringes, the idea was acknowledged by a
European Commissioner saying,
“We are going to discuss this with the ECB, which is looking for tools to invest in
as part of its quantitative easing policy.24”

20

https://www.euractiv.com/section/energy-environment/news/czech-pm-urges-eu-toditch-green-deal-amid-virus/
21 https://www.consilium.europa.eu/media/43076/26-vc-euco-statement-en.pdf
22 https://www.theguardian.com/business/2020/feb/23/believe-the-hype-budget-2020-isvery-important
23 https://www.euractiv.com/section/energy-environment/interview/eu-central-bankshould-step-up-its-climate-act-french-mep-says/
24 https://www.euractiv.com/section/energy-environment/news/eus-breton-looking-intonon-conventional-measures-to-finance-green-deal/
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The President of the ECB, Christine Lagarde, commented on the role of central
banks in addressing climate change in the context of the ECB's strategy review:
“We recognize that our active role in some markets can influence the
development of certain market segments. The ECB currently holds around a fifth
of the outstanding volume of eligible green bonds. Standardisation helps
nascent markets gain liquidity and encourages growth. And our eligibility criteria
can provide, in this context, a useful coordination devices…'25”
While the ECB’s review is not due to be published until the second half of 2021, an
expectation is building, perhaps encouraged by comments like that one from Mme
Lagarde, that it could introduce an element of climate screening and possibly
climate financing in the near future. The Financial Times conducted a poll of
economists in early 2021, which found most believed the review would result in the
ECB “slashing its purchases of bonds issued by fossil fuel companies and other
heavy carbon emitters”.26
Another lever to facilitate green investment could be capital relief for banks
and other financial intermediaries for those project exposures that qualify as
“green”. Currently, despite the different risk profile, there is no incentive — other
than the societal good — for banks to increase their funding of green infrastructure
and projects. Alongside this 'carrot', many regulators globally are asking insurers,
banks, and increasingly selected investors to integrate climate risk into their risk
policies, procedures, stress tests, and disclosure. This 'stick' approach could also
start nudging financial institutions to systematically evaluate climate risk, particularly
transition or policy risk, of their more conventional exposures. (See the Citi GPS
report, Building a TCFD with Teeth, on climate-related financial disclosures.)
As our colleagues explain in later chapters, a carbon trading scheme or
carbon tax, will be critical to changing the economics of fossil fuels and
heavy industry and help send clear market signals to a wide universe of economic
actors about decarbonization. Leadership from regulators and policymakers around
the world will be critical to achieve this.

Conclusion: Green Investments, Wither or Revive?
Once the distressing health trauma of the COVID-19 crisis passes, and after a
viable vaccine is widely available (and this is now in sight for 2021),
policymakers, investors and corporates alike will be faced with the task of
rebuilding a shattered global economy. While many may argue for a focus on
economic fundamentals without worrying about the environmental impact, there is a
strong case to be made that the political and regulatory focus on generating green
investment will not diminish.
Ever cognizant of public opinion, policymakers will remain wary of reversing
course in the face of the long-term trend of concern among non-governmental
organizations (NGOs), campaign groups, and public opinion about the climate
crisis. While a post-COVID-19 world may see people’s immediate priorities return
to bread and butter, economic survival issues, this may also be accompanied by
growing awareness of the inter-connectedness of humanity and nature and a
renewed recognition of the importance of science to inform evidence-led decision
making.

25https://www.ecb.europa.eu/press/key/date/2021/html/ecb.sp210125~f87e826ca5.en.ht
ml
26 https://www.ft.com/content/00d5dc18-b95d-4a15-b936-e87c98fb17fc
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Moreover, the mobilization of vast sums of money and resources by governments
around the world to preserve some semblance of economic normality, may
demonstrate, especially younger voters, the power of governments to effect change
when they intervene.27 These trends could all point to renewed demands for
government action to tackle the climate crisis and get the world on track for net zero
by 2050.
In an increasing number of jurisdictions around the world, emissions
reduction targets have been legislated into law, making them much stickier
and harder to undo. France and the U.K. have their own climate law and many
more countries have committed to a net zero target, not to mention the number of
cities and companies that have done the same.28 The EU recently released its own
climate law introducing a legally binding target of climate neutrality by 205029, and
therefore in Europe, at least, the likelihood is that the climate policy framework and
therefore the need to finance the transition to a low-carbon economy is less
responsive to current events.
The announcement of a delay to COP26 marks a setback in the road towards
more coordinated action on key policy elements investors require to remove
the obstacles to funding green projects, such as the elusive agreement on
Article 6 of the Paris Agreement on a global carbon market. However, the EU is
pressing on with its climate ambitions. In addition to the assertion the ‘Green Deal’
is the bloc’s COVID-19 recovery program, the EU is continuing with plans to refresh
their sustainable finance action plan30 and is sticking to its deadline for industry to
surrender their carbon permits within its emissions trading system.31 With the
election of Joe Biden in the U.S., and an imminent rejoining of the U.S. to the Paris
Agreement, new momentum on global coordinated climate policy looks possible,
including renewed U.S.-China joint efforts, as was instrumental for the signing of the
Paris Agreement in the first place, back in 2015.
Ultimately, the intensity and timing of regulatory attention to increasing
incentives, removing hurdles and increasing transparency over climate risk
will depend on the duration of the COVID-19 outbreak and the depth of the
financial recession it causes. However, while a severe COVID-19 downturn and
even depression may delay climate action, the inescapable requirement to halt the
warming planet and the need to attract private finance to help do so is not going to
change.

27

https://www.cisl.cam.ac.uk/news/news-items/creating-the-future-we-want-and-covid-19
https://www.bloomberg.com/professional/blog/why-carbon-neutral-is-the-new-climatechange-mantra/
29 https://ec.europa.eu/clima/policies/eu-climate-action/law_en
30 https://www.responsible-investor.com/articles/eu-policy-update-march
31 https://www.euractiv.com/section/emissions-trading-scheme/news/eu-sticks-to-carbonreporting-deadlines-rejects-industry-calls-for-coronavirus-delay/
28
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2. Private Investment Is Crucial to Achieve
Climate Goals
Commodities Research
Eric Lee

The case for climate action is clear. The key questions are how to marshal the
required capital and how to invest the vast sums needed to achieve climate
goals. Imagine a world where the financial system was perfectly aligned to
stimulate the investment needed to meet climate goals. What would that look like?
Green investments would have robust returns, lower risks, lower cost of capital, and
the total investment would rise and adjust its mix to the levels and composition
needed to reach climate goals. Climate risks would be well-reflected in company
and project valuations and financial portfolios while government support would be
available to further help lower the cost of capital. Analysis and decision making for
climate goals would be supported by high quality data, company reporting, and
disclosures. Unfortunately, today's financial system is not currently well aligned with
climate goals, resulting in a big shortfall of climate investment.
The world is moving in the right direction with green momentum growing, but
there is still a long way to go. Bridging the climate investment gap will not
only require policy innovation and technological innovation, but financial
innovation to boost climate finance. Financial innovations tend to revolve around
ways to allocate risk and return among parties with different financial preferences,
ultimately in order to match the supply of capital with the demand for capital.
Financing costs are crucial for green investments, given that many involve largescale, long-lived infrastructure and fleet investments with higher upfront costs and
low-to-zero operating costs. However, they also face a myriad of risks, from the
shifting sands of climate policy to the immaturity of many of the underlying
technologies.

Putting Private Climate Finance in Context
The main sources and intermediaries for global climate-related primary
investment come from a variety of public and private source with private
climate finance accounting for over half of climate finance. The Climate Policy
Initiative (CPI) tracks global climate finance flows. In its Global Landscape of
Climate Finance 2019,32 the CPI shows private climate finance reached $326
billion in 2017-18, or 56% of the tracked total climate finance of $579 billion (see
Figure 1). (Preliminary CPI estimates for 2019 suggest total global climate
investment was as high as $622 billion. 33) The vast majority of investment (85%),
was for renewables, followed by transportation (14%). Corporates accounted for the
majority of private investment, but commercial financial institutions are catching up.
A wider number of financials are providing primary finance for infrastructure,
pointing to a maturing renewables sector. Households also saw rising climaterelated purchases.
This compares to public climate finance of $253 billion, or 44%of tracked
climate finance, including government budgets and development finance
institutions. Most public finance was via project-level market rate debt, low-cost
project debt, and grants, with a sizeable portion allocated to climate adaptation
uses. Public finance went primarily to transportation (at $94 billion, or 37% of the
public total), followed by renewables.

32

https://www.climatepolicyinitiative.org/publication/global-landscape-of-climate-finance2019/
33 https://www.climatepolicyinitiative.org/wp-content/uploads/2020/12/Updated-View-onthe-2019-Global-Landscape-of-Climate-Finance-1.pdf
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Some public climate finance comes from carbon taxes and auctions of carbon
allowances in cap-and-trade systems. Given the importance of decarbonization in
emerging markets, international public funding is an important part of the global
climate conversation.
Figure 1. Landscape of Climate Finance in 2017-18, Breaking Out the $579 billion Among Sources and Intermediaries (Public and Private) via
Various Financial Instruments to Activities in End-Use Sectors (annual average, US$ bn)

Source: Climate Policy Initiative

Geographically, the East Asia and Pacific region is the largest region for
climate finance at $238 billion in 2017/18, followed by Western Europe at $106
billion, and North America at $93 billion. Different regions have different mixes of
public and private climate finance.

Quantifying the Green Investment Gap
The green investment gap remains massive. While climate finance has been
rising year after year — reaching over $600 billion of total climate finance in
2019 — there is still a wide gulf to get to the $3-5+ trillion level of green
investment considered to be needed to meet 1.5°C climate goals. Assessments
from the UN IPCC (UN International Panel on Climate Change) to IEA (International
Energy Agency) to IRENA (International Renewable Energy Agency) and others
point to the need for climate investment in the trillions of dollars each year until 2050
(see Figure 2). Higher public sector investment and policies to boost private
investment are needed to close this gap. Some of this investment would be diverted
from carbon-intensive investment toward low-, zero-, and negative- carbon
investments, with the rest coming from additional investment growth, focused on
climate mitigation and climate adaptation investment.
© 2021 Citigroup
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Figure 2. Green Investment Needs to Meet Climate Goals — Selected Estimates
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Source: GFMA

With the need for climate finance growing by as much as tenfold, all sources
of finance need to grow dramatically and private investment is crucial. Public
sector investment is set to grow as countries set out ambitious climate plans, but
with national budgets are stretched in many places, significant growth in private
investment is needed to close the investment gap.

Looking at the Decarbonization Portfolio by Sector and Technology…
Where should climate finance be directed, in terms of the portfolio of
decarbonization pathways? Global emissions, and thus decarbonization
pathways, come primarily from the five sectors: power, industry, transportation,
agriculture, and buildings. We can also look at decarbonization pathways by
technology, noting that some are more mature, others remain early stage, and still
others remain speculative and reside in basic research.
One decarbonization pathway, is the effort to use less and reuse more across
economic activities: efficiency and circularity in general. This includes the use
of digitization/artificial intelligence/machine learning to optimize technologies,
industrial processes, operations, vehicle fleet coordination, and demand side
management.
The other pathway is to build-out and retrofit low- and zero-carbon
technologies, as well as carbon capture and negative emissions technologies.
These include: (1) renewables, batteries, hydrogen, and advanced nuclear for
power generation as well as carbon capture and storage (CCS);(2) electrification,
hydrogen, and CCS for heavy industry; (3) electric vehicles, hydrogen fuel cells, and
recharging/refueling infrastructure for road transportation; (4) electrification,
biofuels, and hydrogen for aviation, with sustainable aviation fuel most likely coming
from renewable fuels and synthetic fuels; (5) electrification, biofuels, hydrogen, and
ammonia for shipping, with LNG in the transitional period; and (6) carbon dioxide
removal (CDR) as a whole category of technologies designed to remove CO2 from
point sources or the atmosphere and store them safely. These represent not just a
decoupling of economic activity from carbon-intensity, but also a driving down of
carbon-intensity to net zero over time.
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Figure 3. GHG Emissions from Major Economic Sectors
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What sectors and technologies need more attention? Renewables, batteries,
and EVs are recognized as green technologies, but efficiency, natural climate
solutions, hydrogen, CCS, and CDR technologies deserve much more focus, and
are discussed throughout this report, particularly Section III.
The Global Financial Markets Association (GFMA) sets out indicative
estimates on green investment needs to 2050 split by economic sector, broad
theme (electrification, efficiency, and alternative technologies), geographic region,
as well as financial instrument. (See below.)
Figure 4. GFMA Estimates for Green Investment Needs to 2050, by Major Sector

Source: GFMA Climate Finance Markets and the Real Economy
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…and By Financial Characteristics of Green Investments
The financial profile of decarbonization pathways is another useful lens to
look at the investment gap. Drawing from GFMA granular projections underlying
the above table, we can make some simplifying assumptions to estimate the
breakdown of the investment gap by financial characteristics.
Figure 5. More Granular Breakdown of GFMA Estimates for the Global Investment Gap 2030-2050, by Sector and Underlying Investments ($ tn,
except where specified as $ bn)
Total ($ tn)
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x
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x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Source: GFMA, BCG, Citi Research

Matching Scale between Investors and Investments
We are at an unprecedented moment for climate finance, with both a growing
supply and pipeline of decarbonization investments — in the trillions of
dollars, if and as catalyzed by enabling policy — as well as growing demand
by investors for ESG-aligned opportunities, also in the trillions. There is a
huge opportunity in matching this supply and demand, but there are also significant
obstacles.
Over half of the estimated $122 trillion decarbonization investments for 20202050 — $72 trillion, or $2.4 trillion per year — could be large investments with
long tenors (Figure 5), in particular, renewables, grid and storage investments,
CCS, hydrogen, and heavy industry investments in process changes. Hydrogen and
CCS are major cross-cutting technologies for decarbonizing industrial sectors, as
well as power. CCS-related investments alone could be ~$6 trillion, or ~$200 billion
per year. Hydrogen-related investments could be $4.6 trillion, or ~$150 billion per
year. Hydrogen and ammonia are also crucial for decarbonizing shipping.
Around one third could be medium-sized investments, amounting to ~$40
trillion for 2020-50, or ~$1.3 trillion per year, in industrial and transportation
efficiency, EV production and infrastructure, as well as investments in
decarbonizing aviation. Electrification of the road transportation sector in
particular includes investments in infrastructure for battery charging, as well as
development and production of EVs. For aviation, GFMA estimates include longerterm development and production of next-generation propulsion technologies. In the
near term, the investment focus is on sustainable aviation fuel production from
biofuels and synthetic fuels, in large part dependent on hydrogen and CCS.
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Around 6% could be relatively smaller investments, at ~$8 trillion for 2020-50,
or ~$250 billion per year, particularly for buildings, as well as in R&D and
expansion of the alternative proteins sector to drive decarbonization in the
agricultural sector.

Decarbonization Technologies at Various Stages of Maturity
Some decarbonization technologies are now reasonably mature, including
renewables, batteries, and electric vehicles, but many still have plenty of
technological improvements ahead, as well as natural solutions like forestry
and restoring coastal and wetland regions, which are more questions of
policy and land use. Plant proteins and meat replacements are already available
with more products in development aimed at substitution for livestock, but also rely
on consumer behavioral changes. Some are still early stage, like CCS, blue
hydrogen and blue ammonia, renewable fuels, and synthetic fuels. Others may only
be ready at scale later this decade, such as green hydrogen and ammonia,
enhanced soil carbon sequestration through modified plants (such as Salk ideal
plants), and most CDR technologies. More speculative technologies (beyond 2030)
include advanced nuclear, electrification for aviation and shipping, and breakthrough
CO2-utilization processes.
Important levers to boost private green finance include:
 Improving risk-adjusted returns, through fiscal, regulatory, and even monetary

policies that internalize climate externalities and align incentives with climate
targets. Fiscal measures include most notably carbon prices or tax credits to
boost the economics of green investments versus non-green investments —
notably CDR, CCS, hydrogen, for heavy industry, but also efficiency, power,
transportation. Government spending and procurement with long-term offtake
would help too, as would the corporate equivalent. Using monetary policy and
related tools remain more controversial, in terms of 'green quantitative easing',
and policies that look to incorporate 'green supporting factors'.
 De-risking. Early-stage technology risks are acute; blended public/private

finance, including concessionary capital could help de-risking. Public and private
spending on research and development and deployment (RD&D) helps to
demonstrate technologies and drive down costs through economies of scale and
learning by doing. Meanwhile, financial hedging helps to manage risks from
fluctuating power, carbon, and hydrogen prices. Emerging market investments
could also see heightened sovereign, political, and currency risks, requiring due
diligence and could benefit from hedging.
 Making enabling investments in public goods, particularly those with network

effects, notably building out infrastructure for EVs, hydrogen, CDR, CCS,
aviation, and shipping as well as RD&D.
 Clear and stable policy frameworks to facilitate financing of projects with

long tenors. These include clear targets, standards, and mandates that filter
down to economic sectors and individual companies, investors, and financial
institutions creating conditions for a clear project pipeline of investments. A
foundational part of this would be clear green/ESG frameworks and data (see
Chapter 14).

© 2021 Citigroup

29

Citi GPS: Global Perspectives & Solutions

30

February 2021

The good news is international political will is firming up, policies are moving
quickly and look mostly durable, and parallel efforts by companies, investors,
and consumers are pointing in the same direction. Green investment should
provide wide economic and societal benefits — from robust job creation to better air
quality and health outcomes.
The challenge is there is a long and difficult road ahead. The investment gap
is massive. Timelines are tight. Policy uncertainty remains in the wings and
will need to be kept at bay. Economic weakness after COVID-19 presents ongoing
headwinds to public and private investment. The transition of fossil fuel sectors, and
the jobs associated with them, will be a challenging one. Green investments will
need to be aligned with broader Sustainable Development Goals, including
improving the overall environmental and social footprint of the metals sector, which
enables many green technologies. New geopolitics are emerging. And overall even
with fast climate mitigation action now, some amount of climate adaptation will still
be needed as the effects of climate change due to past GHG emissions are
unavoidable. Maintaining the endurance to continue climate mitigation investment
and eventually see an improvement in climate impacts is the challenge of a lifetime.

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

3. Post-COVID-19 Consumer and Corporate
Behavioral Changes Are Not Enough
Global Economics
Pernille Henneberg
Catherine Mann

Although consumer preferences and corporate behavior may change
modestly post-COVID-19, it is unlikely. Instead, the situation post-COVID-19
calls for new green policy initiatives offering the potential to both benefit the
environment and improve GDP growth amid highly-challenged growth
prospects. Our model simulations show34 that while the likely consumer and
corporate behavioral changes would have a negative impact on the global economy,
the positive impact on the environment is not as strong as suggested by the
historical nearly one-to-one relationship between GDP and carbon emission (see
Figure 6, Figure 7, and 9.
Four likely, but assumed, changes among consumers and businesses post COVID19 include:
 Consumers travel less for leisure internationally, but spend more

domestically, including on activities that work as a substitute for less international
traveling;
 Consumers spend less money within contact-intensive services, but make

some substitution into purchasing goods that do not involve social engagement;
 Businesses reduce corporate travel, but improved profitability does not boost

productivity via new investments amid the business climate of skepticism around
economic prospects; and
 Businesses focus more on tail risks and intensify their supply chain

optimization, which strengthens de-globalization and weakens productivity, as
specializing in effective production at home and trading for lower price produced
abroad is lost.
These four long-lasting change scenarios among consumers and businesses
result in a smaller positive impact on the climate than suggested by the
economic costs. Hence, relying on behavioral changes will be insufficient in
obtaining a greener future.

34

We apply the Oxford Economics model to stimulate various scenarios for corporate
and consumer changes and focus on carbon emission, cross-country and sectoral
economic implications, see Global Economics View - Greener Future Post-COVID-19?
Changing Consumer Preferences and Global Economics View - Greener Future PostCOVID-19? Changing Corporate Behavior
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Figure 6. Global – Real GDP Per Capita and Carbon Emission Growth
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Starting with the business perspective and considering how policy initiatives can
drive a greener future, we note that clarity about climate policy would be one
way to reduce the very high degree of uncertainty currently damping overall
business investment prospects. Put differently, a political landscape that
unequivocally supports the environment would result in private investment in a
greener future, irrespective of the general high degree of uncertainty. In this way,
appropriate policy initiatives drive private sector involvement in green investment,
with the private sector ultimately doing the heavy lifting on affecting the transition to
a low-carbon future.
However, there are currently obstacles in achieving environmental policies,
with the initiatives in response to COVID-19 varying notably across
economies.
 The EU’s policy response to COVID-19 offers the best option for a green

future, as the newly created recovery fund is linked to sustainability with member
states required to demonstrate that 25% of spending is in line with climate goals
in order to access the fund.
 In contrast, the political atmosphere in the U.S. has generally not been

supportive of green policies in recent years. As an example, the Trump
administration’s rollback of Corporate Average Fuel Economy (CAFE) standards,
which regulate how far vehicles must travel on a gallon of fuel, removed the
incentive for automakers to produce environmental-friendly vehicles (but some
U.S. companies pushed back at this relaxation). As we discuss below, a Biden
presidency is likely to bring a more climate-friendly policy agenda, which
will stretch beyond the U.S.
 Below, our Asia economists discuss climate prospects for China, India and Asia.

We argue it is highly important that China and India especially, which
currently have economic structures that are not environmental friendly,
also incorporate climate objectives in their fiscal policy.
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Figure 8. Global – Carbon Emission Impact

From a consumer perspective, policy initiatives will also be able to change
the behavior in a climate friendly way. Higher carbon taxes, using $27 per ton of
carbon as an assumption, have a clearly supportive impact on the environment that
becomes more evident over time (Figure 8). Moreover, by assuming public revenue
from the tax increases is used to lower income taxes among households, we show
there is also a slightly positive impact on the global economy (Figure 9). Finally,
public debt ratios decline, because the public budget initially is unaffected, while the
tax package supports nominal GDP (Figure 10).
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Figure 9. Selected Economies: GDP Growth Impact
(deviation from baseline, pp)

33

Figure 10. Selected Economies: Public Debt Ratio Impact
(deviation from baseline, pp)
(% of GDP)
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However, the political possibilities of carbon taxes are not the same across
economies, as illustrated by the varying policy initiatives mentioned above,
indicating a global green policy strategy is increasingly necessary. The
necessity follows as current carbon taxes and emissions trading schemes impose a
price on carbon of only $2 per ton on average, which is very far from a global price
of at least $75 per ton needed by 2030 to keep global warming under 2°C,
according to the IMF.35 Based on this, we discuss prospects for a global green
policy agenda amid policy trends that are moving in a more climate-friendly
direction, and could even be accelerating somewhat at a global level.

35
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4. Key Countries Are Joining the Net Zero
Club, Starting a Green Recovery
Commodities Research
Ed Morse
Eric Lee
Anthony Yuen

Global Economics
Pernille Henneberg
Johanna Chua
Xiangrong Yu
Samiran Chakraborty

In the wake of COVID-19, global climate policy activity is accelerating, as are
commitments from companies and investors to align with climate goals. PreCOVID-19, this was already gathering momentum. The economic hit from the
pandemic has created strong headwinds to the ability and willingness of businesses
and households to make green investments or purchases. It raised the question of
whether climate considerations would be sidelined as the near-term focus remained
on economic survival. However, the focus on climate commitments has broadly
remained and even been bolstered by the appreciation of the economic damage of
major physical shocks. Countries and companies have made ever stronger
commitments to net zero emissions targets, and the pace of green investments has
stayed strong and even accelerated. And while most government stimulus packages
have so far been “life preservers”, ongoing economic recovery appears to be
incorporating spending and investment in renewable energy, electric vehicle
infrastructure, and building efficiency, with the idea of jump-starting job creation and
an economic recovery, while also taking the opportunity to put in place long-lasting
climate mitigation investment—a so-called “green recovery”. This has been most
notable in Europe, but has been at least rhetorically discussed in the U.S. and
China. President Biden’s climate plan calls for “building back better” and President
Xi has set a goal of net zero emissions by 2060, but the near-term direction remains
focused on carbon-intensive parts of the economy.

Baqar Zaidi

We have reached a green tipping point: governments, businesses, investors,
consumers are going green. But while policy and economic trends are mostly
accelerating climate investment, we should be clear-eyed about major
headwinds.
How are companies, investors, and consumers thinking about ESG postCOVID-19? Corporates are increasingly considering their own climate footprints,
and setting net zero targets not just in direct and indirect operational emissions, but
also through their whole upstream and downstream supply chains, and report this in
carbon/sustainability accounting, going beyond purchasing carbon offsets. Some
are even looking to mitigate past emissions through negative emissions
technologies like carbon dioxide removal (CDR) and carbon capture and storage
(CCS). Meanwhile, corporates are also considering their own exposure to the
physical and transition risks of climate change, considering climate scenario
analysis and climate stress testing. Overall, climate-related disclosures look to be
on the way (see the Citi GPS report, Building a TCFD with Teeth). Financial
institutions in particular are also considering how to incorporate a low- or zerocarbon transition into their practices, how to assess climate risks in portfolios (again
including incorporating climate-related disclosures like the TCFD) and to the
financial system as a whole.
Meanwhile, consumers may be increasingly shifting behavior in
environmentally friendly ways, as they reassess their priorities and how they
can contribute. A pandemic can be destabilizing even though modern medicine
looks to be able to find a cure; climate change could be even more disruptive, and
practically irreversible once dramatic change takes place. COVID-19 of course has
been a major shock that has probably changed business travel and remote work
and commuting behavior permanently, as well as reducing business and leisure
driving and flying in the short term. Changing preferences in the wake of the
pandemic should lead to some more permanent changes, others more temporary.
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This means GHG emissions growth has not decoupled from economic growth;
longer-term shifts to GHG emissions trajectories still require climate policy.
Nevertheless, consumers might continue to change preferences in favor of
decarbonization: shifting to low- or zero-emission vehicles or other mobility
alternatives, reducing flying (as per the flygskam movement), reducing single-use
plastics, increasing recycling, actively procuring renewable power, electrifying
cooking and heating, installing distributed solar and batteries in buildings, and
purchasing voluntary carbon offsets. A major consumer behavioral change with
significant GHG emissions implications is a rising preference for plant protein and
meat replacements. Yes, these may be more likely in wealthier, higher income
places, and uptake in emerging markets may be slower, but these trends bear
watching, and policymakers may attempt to nudge these further in the direction of
faster decarbonization.
Investors are increasingly incorporating ESG considerations into their
decisions. ESG services can be a growing portion of financial services going
forward. Jayme Colosimo (Citi Business Advisory Services) writes in Chapter 12 on
how ESG is transforming investment management. Harlin Singh, Philip Watson, and
Robert Farrell (Citi Private Bank) provide a view on sustainable investing from the
Private Bank in Chapter 13.
Finally, a key concern for businesses and investors is the legibility of green
frameworks, taxonomies, and definitions, as well as the availability,
transparency, and comparability of green data related to companies and
financial portfolios. Without credible data and clear frameworks, policymakers,
business leaders, investors, and consumers cannot make informed decisions on
green investment, at best stymieing green investment and at worst destroying
credibility under accusations of “greenwashing”. The good news is that
policymakers, standards organizations, and data providers are doing the necessary
work of harmonizing frameworks and taxonomies and making relevant data
increasingly available. While this will still take time, its maturation could provide the
foundation for the truly momentous wave of green investment required to achieve
climate goals. Rich Webley (Citi Global Data Insights) discusses the maturing and
convergence of green frameworks and green data in Chapter 14.
With all this in mind, financial markets can also benefit from green policies. In
the current situation, climate risks might not be priced sufficiently by equity investors
that need to assess the likelihood of various climate scenarios and their implications
across firms. Hence, the higher frequency and severity of extreme weather events
leave a potential significant source of future financial market turmoil.
Financial risks related to climate change can be divided into: (1) physical risks
associated with the adaptation to a higher carbon future (reflecting the price of
failure to address climate change effectively); and (2) mitigation risks associated
with the transition to a lower carbon future36 (reflecting the price of effective policies
and other efforts to contain climate change, which would benefit the economy,
Figure 11).

36

From an economic perspective, physical risks associated with climate change capture
part (but not all) of the cost of living with climate change or ‘adaption’ risks. The risks
refer specifically to damage to agricultural productivity and labor, exposure to rising
frequency of extreme weather events (flooding, tropical cyclone, droughts) and risks from
rising sea levels on vulnerable population. Mitigation risks reflect the burden of moving
the global economy to a lower carbon future, which benefits the economy.
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Hence, financial stability concerns could materialize in cases where the unexpected
realization of physical or mitigation risks results in rapid asset price adjustments.
Based on this, financial risks increase in a non-linear way and become larger as
climate adjustments are delayed, in line with the economic vulnerability to climate
change.
Meanwhile, green financial engagement also depends on policy initiatives
with prospects clearly better with a Biden presidency. Biden’s heavy focus on
green policies align with the U.S. financial community, which is working with the
Financial Stability Board’s (FSB) Task Force on Climate-Related Financial
Disclosures (TCFD), to develop consistent metrics of climate exposures to evaluate
vulnerability of portfolios to climate risks. Furthermore, policy initiatives under the
Biden administration will likely support financial climate investments and are in
contrast to the prior Trump administration, which could disallow the consideration of
ESG, including climate, in the financial investment strategies even as the return on
those investments may well be outperforming the overall market.
Importantly, while climate change poses financial risks, it also creates
investment opportunities. A massive capital reallocation is needed, and this
presents financial opportunities with Socially Responsible Investing (SRI) and ESG
activities growing rapidly, and thereby creating a new investment space. Asset
managers that invest in ESG may benefit from higher returns and higher assets
under management. This is especially likely if they are able to meet investor
demand for green portfolios and can tap international capital so-designated as ESG
or green. Furthermore, expanding the availability of insurance and strengthening the
sovereign’s overall financial strength can lessen the impact of climate disasters and
hence reduce financial stability risks.
Figure 11. Financial Physical and Mitigation Risks – Two Channels, But Many Potential Impacts
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In the following pages, we look at some selected countries and regions and their
trends related to climate policy, including the U.S., China, India, Southeast Asia, and
the Middle East. For discussion on Europe, see Chapter 5.
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The U.S. Returns to a Global Climate Leadership Role
The Biden administration represents an about-face on climate change from
the previous Trump administration, with rejoining the Paris Agreement one of
its first actions. Under Biden, fresh international engagement on climate could be
swift and meaningful. In particular, climate cooperation could be a key part of
rebuilding U.S.-China relations, even as other diplomatic issues between the two
countries remain cool. Further, leadership and diplomacy is particularly crucial at
this moment, in order to sustain climate policy against a post-pandemic background
of countries tempted to prioritize carbon-intense economic stimulus rather than
commit to a “green recovery.” This would look very different from the policies and
tactics of the last four years, including on environmentally-friendly policies. The
Biden presidency is likely to have a heavy focus on climate change and green
initiatives, rather than an “energy dominance” stance, and the loosening of
environmental legislation under the Trump administration.
With momentum building in Europe, the Biden administration could find
common ground there, including perhaps a nudge towards a common carbon
border tax. Added to this, some form of U.S.-EU green policy cooperation at a time
when China and India also incorporate climate objectives in their policies could lead
global green-oriented policy agenda. This would be a very notable change
compared with the past four years, where the “America First” strategy has loosened
U.S. climate standards and left it difficult to achieve a cohesive global climatefriendly policy agenda despite the increasingly challenged environment. As a result,
a global green policy agenda would send a clearer signal to firms to support
climate-related innovation and investment, with benefits to production, growth, and
job creation. (See Chapter 5 for more on European climate policy.)
Overall, the Biden administration will have freer rein on international climate
diplomacy as part of U.S. foreign policy and international relations, than for
domestic policy (outside of executive actions), requiring legislation and thus
Congress. While domestic energy and climate policy could run into headwinds from
moderate Democrats in key Senate Committees, international policy would be firmly
in the hands of the executive.
The Biden climate plan, and the House and Senate climate plans, emphasize
U.S. climate leadership on the global stage, and climate considerations
becoming central, informing all government agencies, including foreign policy,
national security, and humanitarian aid. Future bilateral agreements could be more
contingent on stronger environmental commitments. Climate change considerations
could enter firmly into other policy areas. In part, this is a recognition that climate
change impacts intersect with the U.S. national interest in managing global
challenges, from food security and the spread of disease, to migration and refugee
crises. Materially, this could affect government spending on international efforts
related to climate, as well as financing of coal power abroad. However, beyond this,
other aspects of bilateral and multilateral relations could become more contingent
on climate goals, from coal power generation in China, to deforestation in Brazil. All
of this would likely align with a closer relationship with traditional allies such as
Europe, where its European Green Deal has been leading on implementing a 'green
recovery.
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Thus, President Biden rejoined the Paris Agreement on day one, reversing
Trump’s action to withdraw from it. Indeed, the Biden Administration is seeing
a return of key figures from the Obama Administration and the 2015 inception
of the global climate accord. Meanwhile, the close cooperation between the
U.S. and China that led to the 2015 Paris Agreement could be a model for at
least partially normalizing warmer relations between the two countries. The
2015 Paris Agreement came about in no small part due to the Obama-Biden
Administration’s push, and in coordination with China. Paris saw signatories agree
to cut emissions with the aim of keeping temperature rise to well below 2°C above
pre-industrial levels, with emissions targets by country, though voluntarily enforced.
The Agreement was to come into force only if 55 countries representing 55% of the
world’s emissions were to accept it — the joint statement of the US and China on
April 1, 2016, that they would both join the accord, was crucial, with both countries
responsible for a combined 40% of the world’s carbon emissions. As of early 2020,
194 states and the European Union are signatories, with 188 states and the EU
having ratified it, with the U.S. still formally in. However, President Trump formally
announced his intention to withdraw from the agreement, effective on November 4,
2020, one day after the US elections. Nevertheless, some environmentalists
criticized the Paris Agreement for not going far enough with the level of emissions
cut commitments, and for not having real teeth in terms of enforcement. However, it
was an important step among wider civil society pressures for the heightened
interest in stronger climate policy sought by governments, industry, investors, and
consumers, just before COVID-19.
Biden’s climate plan includes several commitments on the international front:
in addition to returning to the Paris Agreement, he seeks to convene a climate
world summit and push for even stronger emissions cut pledges, push for
progress on international agreements on emissions in global aviation and
shipping, as well as adopt the Kigali Amendment on hydrofluorocarbons. The
Paris accord saw countries commit to 28% emissions reductions from 2005 levels
by 2025; new commitments by various countries are going beyond that now,
including the Biden targets of net-zero power by 2035 and net zero emissions
economy-wide by 2050. Meanwhile, the next UN Climate Change Conference in
Glasgow — COP26 — had been delayed by one year, from November 2020 to
November 2021, due to COVID-19. Convening a (virtual?) climate world summit
would inject further momentum into post-COVID-19 “green recovery” efforts around
the world, with the EU already leading on this front, and the addition of the U.S. —
and China, if it could be brought in — would be meaningful. This comes at a time
when the pandemic has weakened the financial wherewithal of governments and
businesses, which might shift spending away from sustainability toward economic
survival.37 Of course, a Biden Administration could still see headwinds in the
domestic policy realm, and setbacks to the U.S.’s own emissions targets would
mean less climate clout on the international stage.
One key intersection with trade policy could be through carbon border
adjustments. The idea is that carbon emissions embodied in imports would be
charged a 'border adjustment' — essentially a carbon tax. This is intended to level
the playing field for domestic industry which would be subject to environmental
standards, while addressing 'carbon leakage' — that is, avoiding a situation of
reducing domestic carbon emissions, only to have 'offshored' them elsewhere, and
subsequently importing carbon-intensive goods from abroad.

37

See: From Flattening the Epidemiological Curve to Flattening the Carbon Emissions
Curve?)
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The EU is implementing a carbon border adjustment itself, so a U.S. one would
harmonize this between the two trading partners. Any country without a carbon price
or tax could see this as a trade tariff. However, if climate policy accelerates globally,
coordination on this could essentially be the foundation of a global carbon tax. (Also
see Chapter 5 on carbon taxes and carbon prices.)
As mentioned earlier, U.S.-China relations could find common ground through
climate policy, even as other policy areas would remain contentious under a
Biden administration, including human rights, Hong Kong governance, Taiwan’s
independence, and the South China Sea, as well as ongoing trade issues, including
state support of state-owned enterprises, intellectual property, and cyber espionage.
The Biden administration could renew a sense of joint leadership with China on
global climate, with joint commitments to stronger emissions targets. The Biden plan
calls out China’s subsidization of coal-fired power generation overseas, and
financing fossil fuel energy across Asia as part of its Belt and Road Initiative. U.S.
carbon border adjustments could lead to a Chinese reciprocated implementation,
even as China has been piloting its own internal cap-and-trade carbon pricing
schemes in recent years.

China’s Long March toward a Low-Carbon Economy
Asia Economics
Xiangrong Yu

Goals, Plans and Actions
China has met most of the 13th Five Year Plan (FYP) environmental targets
earlier than expected. While the 13th FYP is the first one that will likely fail in
the growth objective in the past three decades due to the pandemic, it has
made enough progress to deliver 69% of the promises on green development
ahead of schedule. The “Blue Sky Battle” is a notable example of the actions
China has taken. Years of efforts like reductions in steel and other industrial
capacity, reducing reliance on coal, promoting New Energy Vehicles (NEVs) and
cleaner transport, shoring up air-pollution warning systems, and increasing
inspections of businesses for pollution infractions have translated into better air
quality in northern China. Major cities, including Beijing enjoyed remarkable
declines in PM2.5 concentration, especially in winter months (Figure 12). By the end
of 2020, China’s environmental achievements will exceed all the mandatory targets
set by the 13th FYP.
The 14th FYP will not compromise on environmental protection. The political
will to clean up the environment and green the economy is as strong as
before. President Xi’s theory that “green mountains with blue waters are mountains
of gold and silver” was written into the Communist Party of China's (CPC’s) Party
Constitution in 2017. The CPC then moved to launch the initiative to “basically
achieve” the goal of building a Beautiful China by 2035. As China grows into a highincome economy (with GDP per capita of $10,276 in 2019), both the government
and the public are becoming more amenable to paying the price for a better
environment. The Environmental Kuznets Curve (EKC) theory and empirical
evidence suggest that environmental degradation tends to ease after average
household income reaches a certain level over the course of development. For
example, if not the total, China’s carbon emissions per capita already seem to show
signs of peaking along the EKC (Figure 13). Together, as key priorities, we expect
the 14th FYP to continue to address prominent environmental problems such as air,
water, and soil pollution and promote green development via eco-friendly
governments, families, schools and communities.
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Figure 12. Beijing Experienced Remarkable Declines in PM2.5
Concentration from 2015 to 2019, Especially in Winter Months
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Figure 13. China's Carbon Emissions per Capita Seem to be Peaking
Along the Environmental Kuznets Curve
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However, the focus will likely shift from cutting capacity in polluting and
carbon-intensive industries to developing a low-carbon economy. The 13th
FYP focused on eliminating hazardous pollutants. Other than closures of polluting
plants, the government pushed forward de-capacity in heavy industries, including
coal, steel, non-ferrous metals, and cement. It also ordered the surviving firms to
install scrubbers and upgrade pollutant-processing capacity. Moreover the
execution of environmental policies has proved to be ultra-strict. Going forward,
when reductions of below-standard capacity come to an end, the move to develop
low-carbon industries and clean energy will pick up. For example, China’s nationally
determined contribution (NDC) aims for non-fossil fuels to account for about 20% of
primary energy consumption by 2030, and toward that, we expect the 14th FYP to
target 18% by 2025. After shutting down “backward” coal power plants, however,
China now still has over 250GW of coal-fired stations under development.
Renewables will then have to expand faster in order to meet the energy mix target.
We believe the new FYP will still set binding targets on energy intensity and carbon
intensity and pledge to increase consumption from non-fossil sources. We should
see more construction of hydropower and nuclear projects, steady development of
wind and solar energy, and better control of coal production, giving prominence to
efficient and clean facilities.
There will still be a long way to go beyond the 14th FYP. Despite the efforts,
China remains the largest consumer of primary energy, accounting for nearly 30%
of global carbon emissions. China’s environmental quality is still significantly lower
than that implied by its income level (Figure 14). In September 2020, President Xi
announced that China will strengthen its NDC targets, hit peak emissions before
2030, and aim to achieve carbon neutrality before 2060. Besides the goal on energy
structure, by 2030, CO2 emissions per unit of GDP should fall by 60~65% from the
2005 levels and the amount of forest reserves should be increased by about 4.5
billion cubic meters from 2005. The government will need to match its words with
actions. We should see China taking more actions in strategic planning, energy
policy, industrial policy, construction & transportation, lifestyle, scientific research,
social participation, and international cooperation in years or even decades to
come. In any case, China’s march towards a low-carbon economy is inevitable, and
it will reshape the country’s development model, overall economy and key sectors,
from coal mining to financial services, profoundly.
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Figure 14. China’s Environment Quality Significantly Lower than Implied by its Income Level
Environmental Performance Index 2020
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Economic Implications
We believe the redoubled efforts to build a Beautiful China will bring deep changes
to the Chinese economy on multiple fronts:
 A golden opportunity for clean energy: Much of China’s pollution and carbon

emissions is a result of its heavy coal use, which still accounted for 57.7% of total
energy consumption as of 2019 (Figure 15). Adding 18.9% oil and 8.1% gas,
fossil fuels were responsible for 84.7% of the energy mix last year. Renewable
growth has outpaced fossil fuels significantly over the past three decades. The
discrepancy will certainly need to continue in order to meet the 2030 and 2060
targets for carbon emissions. We further see a chance for the absolute amount of
fossil energy consumption to peak during the 14th FYP period, pending on policy
implementation. The sharp contrast is that renewables will enjoy both an
expanded share of the energy mix and long-term growth of real demand along
China’s economic rise. In addition, given the coal-to-gas switching and the
domestic gas shortage, China will also likely remain one of the largest importers
of natural gas via LNG and pipeline purchases.
 An extra reason for industrial upgrading: Both domestic and external

challenges make industrial upgrading an essential key to sustain China’s growth.
In the meantime, high value-added and innovation-driven sectors tend to be less
carbon-intensive. To engineer a low-carbon trajectory, the government may have
to curb capacity expansion in traditional materials sectors and heavy industries.
The market may also discourage capital expenditure investment in sensitive
sectors via improved pricing of potential environmental risks. On the other hand,
eco-friendly sectors like advanced manufacturing and modern services, as well
as clean energy technologies, are set to attract more policy support and financial
resources. In particular, services made up 53.9% of China’s GDP in 2019, and
we expect the share to further rise to around 60% by 2025.
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 A catalyst for further consolidation of carbon-intensive sectors: The lower

tolerance for pollution has already led to shut-downs of non-compliant or illegal
small-scale plants and factories. The surviving players, who tend to be bigger
and cleaner, enjoy better prices and profitability. Merging state-owned enterprises
as a way to reduce capacity further adds to sector consolidation. Due to the
supply-side reform and the anti-pollution drive, the concentration ratio CR10 (i.e.,
the market share of the 10 largest firms) has increased from 34.2% in 2015 to
36.6% in 2019 in the steel sector and from 51.1% to 57.2% in cement (measured
by clinker capacity). The government’s ‘de-capacity’ scheme plans targeted 60%
and 70% for the CR10 in steel and cement, respectively, by 2020. The slow
progress thus far only suggests a greater push ahead for consolidation in these
sectors. In any case, when extensive expansion becomes more constrained,
internal competition will have to intensify and industrial concentration will be a
natural result.
 An indispensable transition toward cleaner transport structure: China has

become the world’s largest auto market since 2009. Its freight traffic also
dominantly depends on road networks (73% in 2019), much more than on railway
(9.2%) and water (15.9%) (Figure 16). There is no question that China will move
to contain pollutant emissions from new motor vehicles, a major source of air
pollution, by continuously upgrading emission standards, and continue its green
overhaul to address issues like overloading and dust-raising by trucks. Further,
NEVs will remain a priority in order to combat pollution and reduce reliance on
imported oil. According to the Ministry of Industry and Information Technology's
(MIIT’s) draft plan (2021-35), China wants about 25% of new cars sold by 2025
to be electrified, up from around 5% in 2019. While facing pressure to reduce
handouts, the government can still play a key role to facilitate the sector’s
transition from being policy-driven to market-led, for example, by developing NEV
charging infrastructure. Finally, the government has been taking measures to
shift freight from roads to rail and waterway networks, resulting in an obvious
decline of road freight volume in 2019. In addition to high-speed rail, China is set
to expand its investment to raise its rail freight capacity.
 A strong start for green finance: China’s green finance, defined by the the

People's Bank of China (PBoC) as financial services provided for economic
activities that are supportive of environmental improvement, climate change
mitigation and more efficient resource utilization, has enjoyed policy tailwinds
from the beginning. In September 2016, the PBoC promulgated Guidelines for
Establishing the Green Financial System — the first time any nation’s central
bank had issued such guidelines. As host of the G20 in 2016, the Chinese
government launched a Green Finance Study Group and included the topic of
green finance in G20 communiques for the first time. Since then, a wide range of
'green' instruments, including green bonds, loans, shares, development funds,
and insurance products, have been used to finance investments in renewable
energy projects, water treatment plants, recycling facilities, and mass transit,
among others. Perhaps the greatest amount of green finance activity in China
has been in the area of green bonds. All types of issuers (government, policy
banks, financial institutions, corporates, ABS, etc.) raised about RMB187 billion
by selling green bonds in 2019 (Figure 17).The proceeds were mainly used for
clean transport (26%), renewables (27%), and pollution prevention & control
(13%) (Figure 18). As of October 2020, outstanding green bonds totaled RMB877
billion, equivalent to around 2% of Chinese government bonds.
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Green credit is another important part of China’s green finance landscape. The
balance of green loans stood at around RMB11 trillion at the end of the second
quarter of 2020, up 16.3% year-on-year, and was responsible for 6.7% of all
loans outstanding. Along with the rise of a low-carbon economy, China's green
finance industry is becoming too big for investors to ignore.
Overall, we think investment opportunities lie in the structural changes brought by
China’s march toward a low-carbon economy, including: (1) significant investment in
clean energy and renewables, and to a lesser extent, expansion of natural gas
production and imports; (2) continued growth of eco-friendly technologies, advanced
manufacturing and modern services; (3) further consolidation of traditional materials
and high-carbon sectors; (4)an indispensable rise of electric vehicles, and
infrastructure development for NEVs and rail freight; and (5) a take-off for green
finance. Of course, the environmental campaign should be inflationary over the
medium term. Consumers and corporates as well as investors will need to adapt to
a potential long rise of environmental costs in China.
Figure 15. China’s Energy Consumption Consisted of 57.7% Coal,
18.9% Oil, 8.1% Gas and 15.3% Renewables in 2019

Figure 16. China’s Freight Traffic Dominantly Depends on Road
Networks (73% in 2019), More than Railway (9.2%) and Water (15.9%)

China's Energy Consumption Structure
(%)
100
90
80
70
60
50
40
30
20
10
0
1990 1994 1998 2002 2006 2010 2014 2018
Coal
Oil
Gas
Renewables (+Nuclear)

(%)

China’s Freight Transportation Structure

100
90
80
70
60
50
40
30
20
10
0
90 92 94 96 98 00 02 04 06 08 10 12 14 16 18
Road
Rail
Water
Other

Source: NBS and Citi Research

Sources: NBS and Citi Research

Figure 17. China Raised RMB187bn Selling Green Bonds and
RMB1.99trn Borrowing Green Loans in 2019

Figure 18. The Proceeds from Green Bond Issuance Mainly Used for
Clean Transport, Renewables and Pollution Prevention in 2019
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India enters a new era of renewable energy
Entering a new phase of renewable energy development: India’s first major tryst
with renewable energy began in the 1990s with wind energy projects. In the second
phase, with entry of global companies, the cost of renewable power fell significantly.
While costs have come down, issues remain with reliability, in terms of round the
clock renewable energy support. As our power sector analysts highlight, India is an
evening peak demand country, while solar generation peaks during the daytime.
Similarly, wind generation is seasonally strong during monsoon season, whereas
demand peaks during the summer months. As India enters the third phase of
renewable power adoption (RE 3.0), the aim is to build utility projects with storage
capacity to provide round-the-clock power.

Asia Economics
Samiran Chakraborty
Baqar Zaidi

Solar (private sector) led the rise in renewable energy capacity: India’s total
installed capacity of renewable power has grown by a compound annual growth rate
(CAGR) of 17% over the last decade. In fact, over the last five years, the
percentage of year-over-year growth in installed capacity of renewables was higher
than thermal. Growth in renewable energy is led by solar, where installed capacity
increased by ~72% CAGR between FY2010 and FY2020. Moreover, unlike most
other infrastructure buildup, the renewable energy investment is almost entirely led
by the private sector with support of government incentives. Currently, ~95% of
installed renewable energy capacity is owned by the private sector, versus ~33% for
conventional energy.
Government support – Grid development and changing lifestyles: Government
initiatives on clean energy have relied on both incentivizing investment in grid
interactive renewable energy and promotion of off-grid decentralized renewable
energy adoption. The central government provides financial assistance (CFA) for
the development of Solar Parks and Ultra Mega Solar Power Projects; this includes
covering part of the project costs as well as providing accelerated depreciation
benefits. In the past, government has also provided generation-based incentives for
wind power projects. Off-grid schemes include capital support for small solar power
plants/panels for individuals and business, solar street lights, solar lamps, solar
heaters etc. That said, expenditure by the Ministry of New and Renewable Energy is
less than 0.5% of total government expenditure (0.02% of GDP). Elsewhere, there
is policy thrust towards promoting electric vehicles.
Figure 19. Solar-led Rise in Renewable Energy Capacity

Figure 20. Renewable Capacity Build-up Led by Private Sector
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Falling global investment in renewable energy over last few years: Total
investment in renewable energy in India fell to $9.3 billion in 2019 from a peak of
$13.3 billion in 2017. However, this trend is also visible globally, for example in
China, where investment fell to $83 billion in 2019 from $143 billion in 2017. One of
the key challenges in furthering renewable investment in India is the generally
benign power demand-supply balance. Our Power sector analysts’ think the
unsustainable financial positons of DISCOMs (a government program and revival
package for electricity distribution companies) do affect power demand outlooks,
and more importantly, investor confidence. While the DISCOM reforms have not
yielded desired results so far, the much-delayed Electricity Act Amendment might
help fix underlying structural issues in the functioning of DISCOMs. This act will also
have provisions to promote renewable energy, including the minimum purchase of
electricity from renewables and penalties for non-fulfillment.
Mounting climate change challenges and sustaining renewable energy
investment: India is one of the economies most vulnerable to climate challenge,
and accounts for 22 of the 30 most polluted cities in the world. Under the Intended
Nationally Determined Contribution (INDC) to the UNFCCC (UN Framework
Convention on Climate Change), India has committed to reduce greenhouse gas
emissions per unit of GDP by 33-35% below 2005 levels by 2030. Clean energy
would be one of key tools to tackle the climate crisis in India, especially since per
capita carbon emissions are still low in India and would invariably rise as the
economy develops. India aims to install 175GW of renewable power by 2022
(100GW Solar power). In fact, India’s solar energy generation potential is ~750GW
as per a report by the Renewable Energy Ministry, much higher than current
installed capacity and suggests significant opportunity in India’s renewable space.
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Thrust remains on renewables: While 2022 target are ambitious, our power sector
team forecast that incremental addition of renewable capacity is going to exceed
thermal. They estimate India is going to add ~38GW of renewable capacity by
FY2024, almost double the ~20GW of thermal capacity addition. This is likely to be
led by ~30GW of solar capacity addition. While government policy is to
incrementally push clean energy, the key risk to further investment would be the
demand side impact of any lowering of India’s potential GDP due to COVID-19.
India’s ranking in EY’s Renewable Energy Attractiveness Index for 40 countries, has
fallen to 7 from 3 last year. That said India is still the only EM (ex-China)
economy among the top 10. Moreover, the fall in ranking is partly driven by
COVID-19 shock and might improve if virus risk subsides and India’s potential GDP
growth returns to pre-COVID-19 levels over the medium term.
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Figure 23. India - Thrust remains on renewables
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Figure 24. India - Estimated Annual Solar Capacity Additions
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Southeast Asia is on the Front Lines of Climate Risk
Asia Economics
Johanna Chua

Figure 25. Change in Sea Level (mm)
Compared to the 1993-2008 Average

The Sinking Feeling in Coastal Asia
Asia-Pacific is on the front lines of the physical risks associated with climate
change, owing to a combination of geography (tropical cyclone belt, multiple river
basins, sub-tropical location, exposure to El Nino Southern Oscillation),
demographics (high population density concentrated in low-lying areas) and
economic structure (high dependence on agriculture for some).
One of the most important catastrophic risks facing the region is coastal
flooding due to rising sea levels. Global mean sea level rise is estimated to have
risen by about 23cm since 1880, but scientists now expect it will rise between 30
and 80cm by 2100. Climate change contributes to the thermal expansions from
warming waters (in turn leading to more severe storms and heavier rainfall) as well
as the melting of land-based ice (such as ice sheets and glaciers). Recent work by
U.K. scientists looking at satellite surveys and numerical models argue that earth
has lost 28 trillion tons of ice between 1994 and 2017.38 According to a study by
Nature, using new elevation data, they estimate 190 million people currently occupy
global land below the projected high tide lines by the year 2100 under low-carbon
emission scenarios. Moreover, they find that 70% of the people living in affected
lands are from eight Asian countries — China, Bangladesh, India, Vietnam,
Indonesia, Thailand, the Philippines, and Japan. In the case of Bangladesh and
Vietnam, it is estimated that roughly a third of their populations will permanently fall
below the high tide line.39

Source: US climate.gov

38

T. Slater., I. Lawrence, I. Otosaka, A. Shepherd, N. Gourmelen, L. Jakob, P. Tepes,
and L. Gilbert: Review Article: Earth's ice imbalance, The Cryosphere Discuss (Aug
2020); download here
39 Kulp, S.A., Strauss, B.H. New elevation data triple estimates of global vulnerability to
sea-level rise and coastal flooding. Nat Communications 10, 4844 (Oct 2019); download
here. Some argue these new findings are an overestimation in certain cases – see
comments from the Hong Kong Observatory in the case of HK (here) and the National
Hydraulic Research Institute of Malaysia (here)
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Figure 26. Select Countries: Share of
Household Using Groundwater for Drinking

Beyond rising sea levels, land subsidence, which is the sinking of the ground
from certain elevation levels, is another major problem for populous cities in
Asia. In fact, the contribution of land subsidence to urban flooding exceeds that of
rising sea levels by as much as 10 times.40 The good news is that much this
subsidence is due to man-made activities that can be reversed (possibly more
feasibly than reversing climate change), notably groundwater extraction in
connection with urbanization and population growth, especially in Asia’s megacities. The additional weight of enormous structures is also a contributor — e.g.,
skyscrapers are estimated to be responsible for 30% of metropolitan Shanghai’s
surface subsidence.41 A decline in sediments flowing to deltas due to construction of
dams and reservoirs is also a contributor. There are also natural causes — a
disproportionate number of cities in Asia are on river deltas whose soil is made of
soft and compressible sediment conducive to sinking. While land subsidence is not
directly a consequence of climate change, it compounds the devastating
consequences of rising sea levels (and severe weather) due to climate change.
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With studies showing that major cities in Asia could be submerged by 2050,
the urgency to ensure cities adapt to this risk becomes acute. Jakarta has the
unenviable title of being the fastest sinking city in the world, at about 10 cm/year,
with some researchers estimating that major parts of the city could be submerged
underwater by 2050 when compounded by rising sea levels. But Jakarta is not
alone — in the study we cited above using new elevation data that employs AI to
correct for errors in satellite readings, cities such as Ho Chi Minh, Mumbai, Bangkok
and Dhaka are all particularly imperiled.
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The economic impact of such coastal inundation is significant, leading to
flooding-related destruction of infrastructure and buildings, population displacement,
loss of livelihood, water management disruption, loss of arable land, resettlement
costs, and in the worst case, a migration crisis. To the extent that critical logistical
infrastructure like ports and industrial zones are affected, this can also have
significant impact on manufacturing production, supply chain reliability, which in turn
factor into multinational foreign direct investment (FDI) decisions and job creation,
as what we saw in the aftermath of the 2011 Thailand floods.

40
41
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Deltares Task Force Subsidence, Sinking Cities (2015); download here
“Why Cities Sink” The Economist (22 Feb 2017); download here
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According to the Intergovernmental Panel on Climate Change (IPCC), coastal
tourism is the largest contributor to the global tourism industry (which is now ailing
under COVID-19), and the degradation of coastal habitats from rising sea levels, on
top of ocean acidification and coral bleaching, could further undermine future growth
prospects in this sector.42
Figure 29. Flooding is the dominant share of
disasters and has a large share direct
economic losses from it
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Countries will likely be forced to pursue adaptation-related costs, but fiscal flexibility
in some are now taking a serious hit from the pandemic. For example, plans of the
Indonesian government to move the capital city from the sinking Jakarta to East
Kalimantan — a project estimated to cost about $32.7 billion on top of another $40
billion that it costs to directly address land subsidence and rising water in Jakarta —
has been delayed. This is not a surprise given that fiscal pressures this year due to
low revenues and pandemic-related pressures, notably on health and social
spending priorities.43
With the deepest government coffers, Singapore has probably made the most
inroads to adapt to rising sea levels in the region. It has already been making efforts
to elevate roads and buildings, with tighter building codes. In 2011, the government
raised the minimum land reclamation level in from 3 to 4 meters to cover the
projected rise in sea level to 1 meter by 2100, based on the Second National
Climate Change Study in 2015. Singapore completed its Coastal Adaption Study in
2019 and concluded that Jurong Island and the low-lying City-East Coast are the
most vulnerable. Singapore Prime Minister Lee recently reiterated that it would cost
about S$100 billion ($73.5bbn) over 100 years to build up coastal defenses, and the
2020 Budget has set up a New Coastal and Flood Protection Fund, with an initial
injection of S$5 billion ($3.75bn), to deal with this issue
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For other countries with far longer coastlines (e.g., Vietnam’s coast is almost 17x
longer than Singapore’s) and lower elevation levels, costs would likely be far higher.
Carefully planned reclamation and network of sea walls, river dikes and surge
barriers needs to be built, upgraded and maintained through many vulnerable
coasts across Asia Pacific, and maintenance costs will rise over time as the stock of
defense structures grow. One recent estimate pegs the global cost of coastal
defenses through 2100 at $2.7-$7.6 trillion for RCP2.6 scenario and $3.4-$9.6
trillion in the RCP8.5 scenarios.44 Asia will likely carry a large share given their
higher exposure to vulnerable coasts. With trade being important for Asia, one study
estimates it would cost $31 billion to $49 billion to ensure that 53 of Asia’s largest
ports are climate resilient via port elevation and wall construction.45
In its latest Fiscal Monitor, the IMF has been advocating advanced economies and
emerging economies to pursue public investments as multipliers could be much
larger during times of macro uncertainty. They note that clean energy infrastructure,
and other climate adaptation spending would have sizeable long-term multipliers.

42Intergovernmental Panel on Climate Change (IPCC), Impacts, Adaptation and
Vulnerability. Part A: Global and Sector Aspects, Cambridge University Press (2014);
download here.
43 Bisnis
44 R. Nicholls, D. Lincke, J. Hinkel, and T. van der Pol. “Global Investment Costs for
Coastal Defence Through the 21st Century”, 5th GGKP Conference on Sustainable
Infrastructure; download here
45 Ben McCarron. “Climate Costs for Asia Pacific Ports” Asia Research & Engagement
(March 2018)

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

49

Among the G20 Asian economies, only China, Korea ( "Green New Deal") and
Japan have climate positive measures, Indonesia have climate negative measures,
given its support for troubled oil and gas and electricity companies ,46 while
Australia and India have virtually no climate-related fiscal measures. Parts of South
and Southeast Asian economies face debt/financing constraints — e.g., in India or
Indonesia, which could see step up in public investment leading to higher bond
yields which crowd out private investment, and may end up detracting from
multiplier effects. In fact, with the social spending needs and revenue hit from the
pandemic across sovereigns and corporations, green bond issuance in Asia-Pac fell
to a three year low in the second quarter of 2020 — but this should be a temporary
blip as both regulation and investor base for green bonds mature in the region
Figure 30. Trends in Government Capital Spending (% of GDP)
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Climate mitigation efforts – where are we on renewables?
Electricity generation is the largest contributor to greenhouse gas emissions,
accounting for two-thirds of emission growth, and we think will form the basis of
climate mitigation efforts in Southeast Asia. While the transport sector is also an
important source of carbon emissions, much lower per capita income across
ASEAN outside of Singapore will make it more challenging to pursue regulations
pushing consumers aggressively towards electric vehicles though regulations
towards liquid biofuel blending mandates have become more prevalent.
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One green initiative is the labor-intensive to restore 50K hectares of mangrove forest;
see here
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Figure 32. ASEAN – Electricity Generation
Supply Mix – Share of Total
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Prior to the pandemic, Southeast Asia was one of the fastest growing regions in
terms of electricity demand at about 6% per year, which has had a historical
reliance on fossil fuel, led by coal. Despite lots of potential, renewables only meet
about 20% of the region’s energy supply, dominated by hydropower. It is difficult to
make a more dramatic shift to renewables as this would necessitate phasing out
existing coal-fired plants, which are relatively new, still have long lifespans, and is
relatively cost-efficient. In fact, the share of coal generation has risen over the last
two decades in the region as developing middle to lower income economies tradeoff environmental goals against economic/affordability considerations. We noted in
our earlier Ten Themes piece that coal would be an increasingly stranded asset in
the coming decade as coal consumption declines, and Southeast Asia should follow
this trend, especially as coal-financing becomes more restrictive (e.g., Japan will
start limiting overseas financing of coal plants and other bans are following) but with
a lag. In a report last year by energy consultancy Wood Mackenzie, they don’t
forecast coal share of energy generation peaking until around 2027.47
We are seeing a rising share of renewables in recent years, as the costs and
efficiencies improve. Aside from hydropower, biomass energy was historically
dominant, but fast growing sectors have been solar and wind, with solar showing
significant potential for the future given its sharp reduction in costs. In fact, the IEA
noted in the first half of 2019, the addition of solar capacity throughout Southeast
Asia exceeded that of coal-fired capacity for the first time. However, the lack of
financial and/or technical incentives to rapidly scale up renewable energy, as well as
facilitate the storage and distribution of electricity can be a challenge. For example,
the boom in solar photovoltaic (PV) in Vietnam has exceeded its grid capacity, while
in the Philippines, the ability of energy producers to pass on fuel and foreign
exchange costs to consumers reduces the incentives to deploy cheaper
alternatives. As Southeast Asia is among the most vulnerable to climate change, the
longer term incentive to mitigate these risks should eventually outweigh the
challenges, especially as global policies to mitigate climate risk (e.g., carbon taxes,
regulatory changes) escalate.

The Middle East Goes from Worst to First?
Commodities Research
Ed Morse

In late September 2020, Saudi Arabia proclaimed its commitment to taking a
leading position in implementing the “Global Circular Carbon Economy” by
shipping the first “blue ammonia” ever exported anywhere, to Japan. In a year
when implementing a new “hydrogen economy” became the rallying cry of green
energy around the world, Saudi Arabia proclaimed its leadership in removing and
capturing the “C” from hydrocarbons, releasing the “H2” and converting it to
ammonia to transport it halfway around the world, where the fuel could be converted
into electricity with no carbon emissions.
This was a major step — but by no means the only one — in which Saudi
Arabia and some other Middle East oil producers are working to preserve the
role of hydrocarbons in their economies by significantly curtailing their carbon
emissions, at the same time providing huge opportunities for international
investment. These actions are emanating from a region with by far the worst history
of carbon emissions over the past 40 years. The Middle East oil producers
dominated global oil production in 1980 with its total 18.9 million barrels per day (m
b/d) equal to 29.9% of global production, yet they were responsible for the least
amount of CO2 emissions of all continents around the world.
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Wood Mackenzie. Coal is still king in Southeast Asia’s power market (Sep 2019);
download here
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By 2019, their production of 30.3-m b/d was 31.9% of global output, but their CO2
output rose by 532%, higher by far than any other continent — even Asia Pacific’s
gigantic growth of 385.9%48. To be sure, China’s emissions growth was a higher
percentage than Asia’s, at 578.35% during this period, but Qatar’s was 741.7%
higher while Iraq’s growth was 557.5%.
Figure 33. Gulf Cooperation Countries (GCC) Carbon Emissions (19872019)

Figure 34. GCC vs. Total Middle East, Carbon Emissions (1987-2019)
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Figure 35. UAE’s Renewable Capacity, 2010-19

Figure 36. Saudi Arabia’s Green Hydrogen Plans
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For a long time Middle East producers hid behind the fact that their countries
were mere producers and the “users” were the main polluters. However, as the
Middle East region surpassed Africa, Central and South America, and the former
Soviet Union as polluters, they could no longer hide behind their own structural
change: they became massive users of their own products and built world-classsized energy-intensive industries. In the oil and gas sectors, these included
subsidized end-use in transportation and power generation, and energy intensive
sectors including refining, petrochemicals, desalination, and aluminum.
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Two countries in the region are leading efforts to reduce their carbon
footprints significantly: the UAE and Saudi Arabia. Both countries’ efforts focus
on plans to diversify their economies and to foster foreign investment in a process
of transformation. In the UAE, far more than in Saudi Arabia, the focus of attention
has been on power generation, while in the Kingdom it is more on decarbonization
and creating a massive green hydrogen industry. As of yet, little else is under way
elsewhere in the region.49 This includes the other four members of the Gulf
Cooperation Council (Bahrain, Kuwait, Oman, and Qatar) and Israel, although all
GCC members and Israel have curtailed growth in emissions substantially if not
arrested the growth in some cases. On the other hand CO2 emissions in Iran and
Iraq have grown by more than 130 metric tons (mt) in the last half decade, over
100-mt in Iran alone.
Even before Saudi Arabia took over the chair of the G-20, projects were under
way to reduce carbon in the economy along with goals to create non-carbon
based employment opportunities via the Vision 2030 plans. But, holding the
chair of the G-20 has accelerated the articulation of a new program with active
coordination between the Aramco technology and planning teams, other ministries
as well as with KAPSARC (King Abdullah Petroleum Studies and Research Center)
and the IEF (International Energy Forum). The September G20 ministerial meeting
approved a communique for the G20 as a whole in the establishment of guidelines
for the circular carbon economy (CCE), as outlined by KAPSARC in collaboration
with the IEA, IRENA, the NEA, OECD and the Global CCS Institute. It is based on
the 4 R’s: reduce carbon (via energy efficiency, non-bio renewables, nuclear
energy), re-use carbon, recycle it and remove it (via CCS) and to foster hydrogen at
the same time. While the studies behind this are from a number of international
institutions, the Saudi government has publicly committed itself to coordinate the
CCE within the country, supported by regulatory and financial institutions and by
increased transparency needed for coordinated decision-making.
Saudi Arabia is striving for global leadership in both green hydrogen and CO2
reduction, sometimes within common projects, including the widely heralded
$5 billion green hydrogen project in the NEOM Future City. The three equity
owners — Saudi based and private sector Acwa Power (partly owned by Saudi’s
Public Investment Fund), U.S.-based Air Products and the city of NEOM — aim to
have first production by 2025 and will ramp up through the end of the decade. Acwa
plans to generate 4 gigawatts of renewable energy (from solar and wind), producing
650t/d of green hydrogen. Air Products will produce nitrogen and the hydrogen and
nitrogen will be the basis of 1.2mt/y of green ammonia. The project aims to reduce
CO2 emissions by 3-mt per year. The economics of the project depend in part on
the radical reduction in renewable energy costs from solar photovoltaics over the
last decade. However, the partners also assume that similar cost reductions will
occur during this decade by using cheaper and cheaper electrolyzers to produce
hydrogen from water, in part from the scale of the project, in part from technological
improvements. Energy Intelligence quotes Acwa Power’s CEO as indicating that the
costs of green hydrogen will fall to $1 kilowatt hour (kWh) by 2030, itself an
aggressive forecast, given prevailing costs in the multiple dollar range today.50
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See Mari Luomi, Gulf States’ Climate Change Policies Amid a Global Pandemic, The
Arab Gulf Stated Institute in Washington, 2020.
50 EI New Energy, July 16, 2020 p2.
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Saudi Aramco is being more aggressive in trying to develop mechanisms for
reducing CO2. According to its chief technology officer, who has addressed
numerous events in conjunction with Saudi Arabia’s chairing of the G-20, there are
three areas of focus for Saudi Aramco’s R&D. These are the following: carbon
capture utilization and storage (CCUS) (about which he spoke at a conference in
the Kingdom in conjunction with the G-20 in early 2020); transportation fuels and
engine efficiency; and replacing energy- and carbon- intensive metals by other
materials in manufactures. The company has formed JV’s in these areas with firms
from South Korea, Japan, the UAE, the U.K. and the U.S.
Among the breakthroughs they have announced is technology developed
with Korea’s Advanced Institute of Science and Technology is a new catalyst,
which they plan to use to produce “synthesis gas” via dry reforming. The gas
is a mixture of hydrogen and carbon monoxide produced without steam, making it
far less carbon intensive, and embodying the waste CO2 in chemical products. The
process reduces the need for water (in steaming) so is even more applicable
commercially in the Middle East than in other oil producing regions, according the
Saudi Aramco’s Chief technologist in its Carbon Management Research Division.51
In a region of the world rich not only in hydrocarbons but also in sunshine,
one might expect the area to be at the forefront of renewable research and
use. Given the low cost of oil and gas, it has not been true to date, but there
are significant signs of change, especially in the UAE, which in late summer
2020 became the first Arab country to produce nuclear power, with the opening of
the first phase of the 5.6 gigawatt (GW) Barakah facility, built by Korea’s Kepco.
When the four 1.6 GW reactors are brought on line they should be able to satisfy
one-quarter of the country’s power needs, or about 1 billion cubic feet/day (bcf/d) of
gas. The UAE has other plans to reduce gas demand and perhaps changing from a
gas-importer to a gas-exporter. These other plans include a clean coal power plan
in Dubai to reduce some 0.5-bcf/d of gas use. Add to this additional solar projects,
freeing up even more gas.
The UAE’s real leadership in the area is in renewables. At around the same
time it launched its nuclear facility it started up the largest PV solar power
plant in the world, a 2 GW facility built by Masdar and Taqa along with EDF
from France and JinkoPower from China. In 2018, the UAE’s installed renewable
capacity was 600 megawatts (MW). By 2019, it reached 1.8 GW and now the 2 GW
Dhafrra solar plant could raise solar PV capacity alone to 3.2 GW. By comparison,
Saudi Arabia had less than 400 MW of renewable power at end-2019.
Abu Dhabi’s place in global renewables starts even before 2010 when it
convinced the newly founded International Renewable Energy Association
(IRENA) to establish its seat in Abu Dhabi. Soon thereafter, it started holding the
World Future Energy Summit, an annual event bringing together policy makers,
NGOs, equipment makers and other interested parties to the Emirate each year.
Even before then it founded Masdar as a subsidiary of sovereign fund Mubadala,
charged with investing in renewables in country and internationally. As of mid-2020,
it had 5GW of projects either completed or under way in more than 30 countries,
with a 5-year target of 8 GW by 2024.
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Aqil Jamal, “Aramco Pursues CO2 Utilization Breakthrough to Cut Carbon Footprint,”
MEES, September 11, 2020, p.15.
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Like the region as a whole, it has a long way to go given that UAE 2.3 GW of
operational renewable capacity in mid-summer is only 75% of its installed capacity.
Recent projects are raising that number by 1 GW as noted above. But, publicprivate partnerships here and elsewhere in the region make the growth path
opportunities for international investors large.
Both countries are also leading in the issuance of green bonds, which have
increased in number and total value through the first three quarters of 2020 to
$2.5 billion, close to a 500% increase since the first green bond issued in the
area in 2017. While there are many cynics voicing opinions around the seriousness
of these efforts, there is little doubt about their attraction to investors to date. The
UAE was the pioneer with Dubai Electricity and Water Authority’s establishment of a
$27 billion Dubai Green Fund, and Dubai’s Financial Services Authority issuing
green bond guidelines in 2018 and green bonds issues in 2018 and 2019. In
September 2020, alone, Saudi Electricity Co and Qatar National Bank sold notes to
fund an array of projects including infrastructure for distributing renewable power,
smart meters and the like. The $1.3 billion Saudi Electricity issuance was the first
green sukkuk bond offering in the country and consists of two $650 million tranches,
one for five years (1.74%) and the other for 10 years (2.413%). The Kingdom is also
involved in 25-year power purchase agreements for renewable energy.
The Middle East oil producers are potentially a huge market for investment for
green energy. The results to date are paltry, but are noticeable in the UAE and
Saudi Arabia. UAE’s Masdar and Saudi private firm Acwa Power are leaders in
JV’s. Acwa has projects in five countries, Masdar in over 30. Even China’s Silk
Road Funds seem to be holding back with a mere 4.89 GW of projects under way in
only five countries across North Africa and the Middle East.
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Section 2
How Markets Are Evolving
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Introduction: A Great Transformation
Despite falling costs, improving decarbonization technologies, and
increasingly robust government support, markets require further financing
support to achieve climate goals.
In this section, we discuss how markets are transforming, following the roadmap
below.
Deep decarbonization on a scale needed to meet climate goals means no less
than a great transformation of the global economy. This means moving away
from fossil fuels for power generation, industrial processes, machinery, and
transportation to low- and zero-emission alternatives (and negative emissions
technologies too), through renewables, batteries, electrification, process changes,
hydrogen, biofuels, as well as carbon dioxide removal (CDR) including natural
solutions as well as carbon capture and storage (CCS) combined with fossil fuelpowered processes. Overall, efficiency, reuse, recycling, and waste management
need to be incorporated into a global 'circular economy' (for instance, see the
United Nations Environment Programme Finance Initiative (UNEP FI) report
Demystifying Finance for the Circular Economy).
Carbon pricing initiatives in the form of carbon taxes, carbon emissions
trading systems (ETSs), and carbon credits and offsets, are important for
decarbonization and green investment. Chapter 5 outlines the case for carbon
prices, how CDR and CCS crucially need carbon prices to be economic, and policy
outlooks that point to higher carbon prices covering more sectors and more
emissions in more jurisdictions over time, with additional discussion on the EU and
California ETSs. This should boost the economics of green investments, though
carbon price volatility needs to be kept in mind.
Renewables and battery storage have become ever cheaper, with supportive
policy driving deployment, which has driven lower costs. Chapter 6 shows how
these trends look to continue. Chapter 7 discusses CCS, which could decarbonize
fossil fuel power generation, whether natural gas combined cycle power plants, new
Allam Cycle gas power plants, and even potentially recently built coal plants in Asia
and EMs during the transition. (See also Volume II, Chapters 1 and 2, on project
finance for renewables.)
Heavy industry accounts for significant GHG emissions, and are also
challenging to decarbonize. This includes major sectors like cement,
chemicals, and iron and steel. These have typically relied on fossil fuels for
feedstock or to generate high heat and power. This could be shifted from coal to
natural gas, CO2 could be captured and stored through CCS, or the facility could
move entirely away from fossil fuels to (low- or zero-carbon) electricity or
(green/blue) hydrogen. For cement, the process of calcination itself emits significant
CO2, and other than efficiency or process changes, would benefit from CCS for
these emissions. We discuss CDR/CCS and hydrogen in this section.
Carbon dioxide removal (CDR), including natural solutions as well as
engineered solutions like carbon capture and storage (CCS), are discussed in
Chapter 7 covering the range of CDR technologies, their economics, the need for
high-enough carbon prices, falling costs over time, and financing considerations.
(See also Volume II, Chapter 1, on project finance for CCS.)
Hydrogen promises to decarbonize power, industry, and transportation, but
low- or zero-carbon hydrogen still has a way to go, requiring policy support,
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R&D, and deployment to drive down costs. (See Chapter 8.) The different
hydrogen production processes are covered, including 'blue hydrogen' produced
through steam methane reforming plus CCS, and 'green hydrogen' produced by
electrolyzing water, powered by renewables. Major projects are discussed, including
the biggest green hydrogen project in the world in Saudi Arabia, as well as the
prospects for falling costs over time, growing policy support, and financing
considerations. (See also Volume II, Chapter 1, on project finance for hydrogen.)
Sustainable transportation is crucial, but is also a sector that is difficult to
decarbonize. Chapter 9 discusses the prospects for EVs and hydrogen for road
transportation, and how infrastructure needs and slow fleet turnover dynamics make
for a gradual transition; much more stringent policy may be forthcoming to
accelerate this process, but challenges lie ahead. Aviation relies on highly energydense jet fuel, which is a very high bar for battery technology to clear. Sustainable
aviation fuels in the form of renewable fuels and biofuels point to a key pathway and
are ramping up. Shipping also requires energy-dense liquid fuels for some time to
come; LNG, green or blue ammonia, or hydrogen could be a key pathway. For both
aviation and shipping, battery power could rise in short-haul settings. Where routes
are over land, high-speed rail may also substitute for some aviation.
The metals century. Metals are key enablers for renewables, batteries, the
electricity grid, and EVs. However, they are also carbon- and water-intensive
themselves, and decarbonizing metals and mining is a crucial part of meeting
climate goals. (See Chapter 10.)
Sustainable agriculture. Agriculture accounts for almost a quarter of global GHG
emissions, but much of this comes from methane and nitrogen oxide (NOx), from
livestock (particularly cattle), as well as rice cultivation. (See Chapter 11.) CO2
emissions from agricultural machinery and facilities represent a smaller portion of
the GHG footprint. Thus, the drivers of decarbonization in this fragmented sector
are quite different from the sectors above. Shifting away from meat to plant proteins
or other protein substitutes could contribute to large reductions in GHG emissions.
This would depend on consumer behaviors to change (even as the developing
world may be developing more of a taste for meat, associated with growing
incomes), but there are indications this is happening, while the alternative protein
industry continues to thrive. Meanwhile, as part of broader agriculture, forestry, and
land use (AFOLU) sectors, the global ecosystem represents both massive GHG
absorption as well as GHG emissions. Improving forestry and land use practices are
both relatively low-cost on a tonne of carbon dioxide equivalents (tCO2e) basis and
have many co-benefits, but can present international climate diplomacy challenges,
as well as competing land use considerations. (Also see Chapter 5 on natural
climate solutions for CDR, including forestry and enhanced soil carbon
sequestration.)
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Though not discussed in detail in this report, other topics are pertinent to the
economics of green investment — R&D and innovation, new geopolitical
considerations, and oil and gas transition — and we provide some context
here.
R&D and innovation for green technologies to reduce costs and lay the
groundwork for new breakthroughs. Many technologies to decarbonize the
sectors above remain at an early stage or not yet developed, ranging from
improving batteries and long-term power storage to low-cost green hydrogen, lowcost direct air capture (DAC) to low-cost sustainable aviation and shipping. R&D is
required to create the new technologies needed for ongoing decarbonization
through 2030-2050 and beyond. Nearer-term, R&D and deployment is also needed
to bring existing technologies to scale, with wind and solar PV deployment being an
instructive experience for how policy support drives deployment, which drives
incremental technological improvement and dramatically lower costs over time.
While physical and chemical constraints may put a ceiling on technological
improvements, significant cost reductions still look plausible for green hydrogen and
various CDR pathways and sustainable transportation fuels.
Digitalization, artificial intelligence (AI), and machine learning (ML) could
continue to yield operational improvements, technological gains, and demand
side management, among many other potential applications in the financial sector
that could support green finance. These can range from “optimized energy system
forecasting, smart grids for electricity, prediction of solar flares to protect power
grids, smart traffic light and parking systems, sustainable building design, precision
agriculture and nutrition, optimization of industrial machinery and manufacturing, AIenabled electric cars, on-demand shared transport mobility, etc.” (SIFMA 2020).
Satellite and drone methane leakage detection technology promises to improve
surveillance of methane and CO2 emissions, helping to reduce and eliminate
leakages of these potent GHGs (see, for instance, the European Space Agency’s
Sentinel-5P satellite, and GHGSat on facility-level monitoring). Meanwhile, AI/ML
can accelerate parts of the R&D /process, such as using AIML to model battery
performance with EV battery charging experimental data, which facilitated a
breakthrough to allow 10-minute fast-charging by heating lithium batteries to 60
degrees Celsius. (See Volume II, Chapter 3 on venture capital for early stage
technologies, and Volume II, Chapter 9 on SPACs for high growth companies.
New geopolitical considerations. Energy has always been a global sector rife
with geopolitical risks, with major consumers and importers of oil and gas
traditionally concerned about energy security, conservation, and diversification of
energy sources, and major producers and exporters of oil and gas (“petro-states”)
attempting to wield market power as major suppliers, but also suffering from the
'resource curse'. However, the energy transition away from oil and gas does not
mean a disappearance but instead new forms of energy geopolitics. Jason Bordoff
at Columbia University’s Center for Global Energy Policy (CGEP) notes that rather
than a simple picture of China rising and petro-states falling, the energy transition
could be “more subtle, complex, and counterintuitive”. (See "Everything you think
about the geopolitics of climate change is wrong") China may dominate the exports
of solar and EV batteries, but this is different from controlling exports of oil or gas,
while any restrictions on supply and exports of lithium and cobalt supply and rare
earths would not have an immediate impact on energy prices either. The Middle
East could enjoy an outsize proportion of oil and gas revenues throughout the
energy transition due to their large, low cost reserves, while oil prices may not be
low even in a dynamic of prices needing to incentivize enough upstream investment
to offset underlying declines and meet a falling top-line oil demand profile.
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Meanwhile, the Middle Eastern oil producers could become “electrostates”, through
abundant solar power.
However, countries with cheap renewables could yet rise to be new “electrostates”
that export low-carbon manufactured goods as well as hydrogen and ammonia, like
Chile. Russia could find opportunities for its natural gas when combined with CCS.
There could also yet be a role for nuclear in a zero-carbon world. Meanwhile,
movements of new fuels like hydrogen and ammonia could face their own seaborne
bottlenecks, while connected and smart power grids and EVs require vigilance to
defend against cyberattacks. Finally, even with immediate and robust climate
mitigation, some degree of climate change is locked-in for some time, and climate
adaptation to these impacts is needed. Some regions will be affected more than
others, creating disproportionate impacts that may spark geopolitical disruptions to
come, whether through droughts or flooding, wildfires or hurricanes, heat waves and
polar vortexes.
Oil and gas transition. The hydrocarbons sector is being deeply disrupted by the
energy transition, as oil demand, particularly in transportation, is substituted away
over time, while natural gas demand faces competition from renewables and
batteries for power generation. Upstream investment over time will need to shift
away from assuming growing total oil demand, to managing the investment and
divestment needed to balance the relative trajectories of declining oil demand vs.
declining oil supply. Refineries will need to decarbonize, and shift their product
slates over time. Petrochemicals (decarbonized, perhaps through CCS) could
continue to demand both oil and gas as feedstocks, as well as other noncombustible uses. This is coming even as the past decade had seen a new
hydrocarbons abundance from shale, deepwater, and oil sands sources. With the
majors accepting the reality of climate change and the need for decarbonization,
European, U.S., and Canadian companies, among others, are pursuing various
pathways. On one level, they are all looking to reduce operational footprints (Scope
1 emissions, or all direct emissions from the activities of an organization or under
their control and Scope 2 emissions, or indirect emissions from electricity purchased
and used by the organization.) through eliminating flaring and methane leakages, as
well as using renewable power. However, business models need to shift over time
too. Here, companies are variously turning to renewable power including offshore
wind, as well as converting oil refineries to bio-refineries to produce biofuels and
synthetic fuels. CCS and hydrogen are focuses too, which will require oil and gas
sector competencies such as building out pipelines and understanding geologic
storage for CO2. Meanwhile, natural gas alone remains a net CO2 emitter, though
natural gas power plants with CCS could be important firm power generation for an
electricity grid with high levels of renewables (see Chapter 6 on renewables and
storage, and Chapter 7 on CCS for natural gas power plants, as well as oil
refineries and ethanol plants). LNG should continue to be a bridge fuel, but faces
phase out over longer time-periods. Renewable natural gas provides a partial
pathway, as does a gradual increase in blended natural gas with hydrogen. The
financing of this transition process, could come from key performance indicator
(KPI)-linked bonds or “transition bonds”, while SPACs might provide another source
of capital for growing new business lines within a traditional oil major. (See Volume
II, Chapter 7 on green bonds and Volume II, Chapter 9 on SPACs.)
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5. Putting a price on carbon
Commodities Research
Eric Lee
Francesco Martoccia

Carbon prices are crucial, alongside a suite of other policies, for catalyzing
massive private investment in key parts of the decarbonization portfolio.
Carbon prices address a central market failure to price-in the externality of climate
change impacts due to greenhouse gas (GHG) emissions. By internalizing these
into carbon prices simply makes more green projects have a high enough return to
justify investment, while levelling the playing field with 'brown' projects, which would
be economically less favorable. At the root of it, and keeping risk in mind, this is
needed for private investment to flow. They can provide a clear and powerful signal
to help align many fragmented, decentralized financial and economic decisions
across the economy, and prioritize them by cost of abatement. While far from the
only meaningful metric, efficiency does matter greatly when the investment gap is
so large and government and private finance are constrained, especially when there
are other competing priorities to consider for policymakers and private actors. (See
Citi GPS Disruptive Innovations VII).
Figure 37. Major Carbon Pricing Initiatives Implemented, Scheduled to be Implemented, or
Under Consideration

Source: World Bank

For some decarbonization pathways, carbon prices are particularly crucial, or
even existential — carbon dioxide removal (CDR) and carbon capture and
storage (CCS), whether from natural climate solutions or engineered
solutions or hybrids of both, require a (high-enough) carbon price to be
economic. Carbon prices provide a stream of revenues, which allow financing of
large upfront investments like CDR and CCS. They can also provide a stream of
cost savings to encourage carbon-intensive activities to decarbonize, such as
incentivizing heavy industry to add CCS or switch to hydrogen over time, or retrofit
CCS for power, or to invest in efficiency measures. Up until now, a carbon price
would only come from the demand by localized purchasers of carbon dioxide for
CO2 as feedstock, whether for carbonated soft drinks, or for enhanced oil recovery
(EOR) through CO2 flooding of mature oil reservoirs.
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A carbon tax, or carbon emissions allowances from a cap-and-trade system, or a
carbon credit would provide a clearer, sector-wide or even economy-wide
opportunity to earn a stream of revenues or implement a stream of cost savings.
Figure 38. Carbon Price (Y-axis, $/tCO2e), % Emissions Covered (x-axis), and Carbon Pricing
Revenues (relative bubble size) of Implemented Carbon Pricing Initiatives

Source: World Bank

Arguments for caution. Carbon prices are also not a silver bullet, and not the
primary or only approach to fast and deep decarbonization. Some crucial
sectors to decarbonize may be price inelastic and slow to respond. Meanwhile,
carbon prices — whether taxes or credits or cap-and-trade, can generate revenues,
which opens up the question of how these revenues should be spent and
distributed. In various jurisdictions, these decisions come down to some split
between 'dividends' back to citizens to offset potential regressive distributional
impacts, and spending on green infrastructure and R&D. Without addressing carbon
price sticker shock, political pushback can arise, given gasoline and diesel prices
are classic pocketbook issues for households (note for instance the Yellow Vest
protests in France, in part due to the carbon tax there). Meanwhile, some people
caution against carbon pricing for environmental justice as well as trade
competitiveness reasons. The U.S. House Select Committee on Climate Change
(SCCC) in its Climate Crisis report mentions that:

© 2021 Citigroup

61

Citi GPS: Global Perspectives & Solutions

62

February 2021

“Federal policy aimed at harnessing market forces, however, must be careful to
provide guardrails to ensure that national-level gains don’t mask stasis or
backsliding in individual communities on air quality or environmental justice
issues. Additionally, market policies must be designed to protect trade and
competitiveness of domestic goods.”
On the latter issue, there has also been movement in the EU and potentially
the U.S. to implement a carbon border adjustment, which would be either a tax
on imports or a subsidy on exports, in order to reduce 'carbon leakage', that is,
when carbon-intensive activities shift overseas to avoid domestic carbon prices.
Carbon border adjustments could incentivize other countries to implement their own
carbon pricing initiatives. However, all in all, this still leaves a fragmented global
patchwork of carbon price systems, meaning it would be complex to comply with
these across multiple jurisdictions vs. a single global carbon price (see Chapter 5),
but is likely as good as one gets, pragmatically.
From a global perspective, carbon prices already cover 22% of global
emissions. These range from <$1 per ton (t) to >$100/t, but with at an average
price level of ~$2/t. Half of emissions are priced at $10/t or less, though these
are expanding to cover more sectors and geographies, with prices looking
like they are set to move higher based on policy and market developments.
(See the World Bank’s State of Carbon Pricing 2020.) As of May 2020, there were
61 carbon pricing initiatives in place, or in development, 31 in the form of emissions
trading systems (ETS) and 30 in the form of carbon taxes, covering 12 billion tonnes
of carbon dioxide equivalent emissions (GtCO2e) or 22% of the global total, up from
20% in 2019. (The increase is due to upcoming carbon pricing initiatives in
Germany, Mexico, the U.S. state of Virginia, and the Canadian province of New
Brunswick.)
The World Bank also notes the rise over the past few years in the interest for
carbon credits and offsets, particularly with regards to forestry, as well as the
international aviation offset mechanism, CORSIA. However, offsets have a
battered reputation and CORSIA has been severely challenged by COVID-19, as its
baseline was supposed to be 2019-20, and the pandemic has led to 2020 aviation
levels plunging to lows. Nonetheless, more and more companies are adopting
internal carbon pricing to reduce emissions across supply chains. The potential for
the carbon market is massive. For instance, with global emissions at 50 Gt and
carbon prices at $50/t, this would be a $2.5 trillion market; at $100/t, this would be a
$5 trillion market. Of course, the idea would be that this would shrink as GHG
emissions fall to net zero. Overall, we expect ongoing policy design and reforms to
manage price and quantity levels and volatility for emissions, to keep prices high
enough and not too volatile, while also making sure emissions reductions are in line
with targets over time.
Carbon taxes include taxes, levies, and excise duties on carbon or GHG
emissions, in tCO2e. These are price-based systems, which in their purest form
feature a clear and stable price, but uncertainty over emissions levels. Notable
jurisdictions with carbon taxes include Canada and Mexico in North America;
Finland, France, Norway, Sweden, Switzerland and the U.K. in Europe; Japan in
Asia; and Argentina, Chile, and Colombia in Latin America (see Figure 38). Other
than the state-level ETSs in California and the northeast, the U.S. has seen a
number of Federal carbon tax proposals over the years, with 2019 seeing as many
as six legislative proposals, some bipartisan. There could yet be renewed
movement under a Biden Administration, with a climate plan that includes mention
of a carbon border adjustment mechanism. Meanwhile, eliminating fossil fuel
subsidies are the flip side of implementing carbon taxes.
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One issue with carbon taxes is how to manage quantity targets. The U.S. carbon
tax proposals to date are instructive: other than including a rising carbon tax
schedule over time, usually a certain amount over and above an inflation
adjustment, proposal tend to include further upward adjustments in carbon tax
levels if emissions targets are not being met. Carbon taxes tend to be part of a suite
of climate policies.
Cap-and-trade systems are a prominent type of emissions trading system
(ETS), and are policy instruments where covered entities face compliance
obligations for their GHG emissions. There is a total cap on emissions for covered
sectors. These capped emissions units (usually called allowances) are auctioned off
or allocated to covered entities, which must surrender allowances per ton of
emissions emitted. Covered entities need to reduce emissions or trade allowances.
Emissions cap, allowances allocated and then traded. The largest ones are in
Europe (the EU ETS) (with the Swiss ETS linking to it, and a post-Brexit U.K. ETS
likely linked to it), California-Quebec, and the Regional Greenhouse Gas Initiative
(RGGI) in the U.S. Northeast, with notable ones in Canada, South Korea, and New
Zealand. The U.S. Transportation and Climate Initiative is a proposed ETS to tackle
transportation emissions in a number of U.S. East Coast states. ETS’s, in their
purest form, are quantity-based systems, where in principle there is certainty over
the level of emissions allowed—they are constrained by the cap. (The EU ETS and
California cap-and-trade system are discussed further below. Also see Green is the
Color on the EU ETS.)
How can ETS price volatility be managed? How can jurisdictions make sure
carbon emissions allowance prices are not too low or too high? In the past,
these have mainly come up when ETS’s face economic downturns or lower
emissions than caps, leading to a surplus of allowances and low carbon prices. In
the EU ETS, these led to reforms including new stability measures like the volumebased supply-adjustment mechanism and the Market Stability Reserve (MSR) that
removes allowances from circulation to the MSR if market is oversupplied and adds
allowances back from the MSR if the market is undersupplied. Meanwhile,
California’s ETS and the RGGI system in the U.S. Northeast use price floors and
ceilings (price containment reserves) and further discrete steps in the price
(emissions containment reserves) to manage price levels. China has been
conducting pilot tests for ETS’s in a number of provinces, and is looking to roll out a
national level cap-and-trade system which would become the largest in the world,
covering some 3.3 GtCO2e of emissions. However, it may face the risk of too-low
prices given the system design looking like it will offer generous free allocations to
emitters. China looking to launch carbon emissions futures, presumably on the back
of those. (See also ICAP’s Emissions Trading Worldwide Status Report 2020.)
Other carbon prices are meaningful and quite high, like California’s low carbon
fuel standard (LCFS), trading at close to $200/t in recent years, and the U.S.
Federal 45Q tax credit, worth $50/t by 2026. (See Chapter 7 on the importance of
these carbon prices for carbon dioxide removal (CDR) and carbon capture and
storage (CCS).)

California’s Cap-and-Trade System (linked with Quebec)
While the California Cap-and-Trade Program (CA ETS), within California’s
state-wide climate goals, are mainly shaped by California state entities, there
are some impacts from outside entities. These include the U.S. Federal
government, on issues like the EPA waiver under the Clean Air Act for California to
set its own standards if at least as protective as Federal ones.
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They also include Quebec, with which the CA ETS is linked, as part of the Western
Climate Initiative (WCI); changes in policy there could impact overall CA-QC
allowance supply or demand. (Ontario was briefly linked with the CA ETS but that
ended when Ontario shut down its own ETS).
 Changes to the system come through executive orders: These orders set

high-level goals and codified by the state legislature every few years, and are
implemented through California Air Resources Board (CARB) regulations on a
higher frequency basis. The Scoping Plan updates typically include most of the
big changes, which need to be done at least once every five years; the last one
was in 2017, looking at post-2020 climate targets, including the future working of
the CA ETS. Annual reports must be provided to various committees of the
legislature and board. These updates and reports provide opportunities for
review of the cap-and-trade program's progress in meeting 2030 targets.
Statewide GHG emissions goals began with Gov. Schwarznegger’s executive
order S-3-05, codified by the state legislature’s Global Warming Solution Act of
2006, aka AB 32. Gov. Brown extended GHG targets to 2030, with B-30-15,
codified by SB 32. AB 398 extended the CA ETS on to 2030. Gov. Brown set a
statewide 2045 carbon neutrality goal in B-55-18. Most of the action then comes
through CARB regulations, with further remits coming down from above at times.
 There can be challenges to it in the legislature or in the courts: AB 32 was

challenged early on by Proposition 23 on the November 2010 ballot, but the
Proposition was defeated. It aimed to suspend AB 32 until state unemployment
stayed below 5.5% for four consecutive quarters. In 2013, AB 26 called for capand-trade revenue to go towards supporting workers; it passed. It was initiated by
an Assembly member and heard in the Senate Environmental Quality
Committee. In 2013, California’s Chamber of Commerce filed a lawsuit against
CA ETS, on the basis that allowances were an unauthorized, unconstitutional tax.
The Sacramento Superior Court rejected the challenge. In late 2019, The
Department of Justice (DOJ) filed a lawsuit against CA ETS linkage with Quebec.
A U.S. District Court ruled against DOJ in July 2020, but DOJ filed an appeal.
 CARB regulations go through a comprehensive transparent process: These

include public workshops, interagency workshops, and various committee
reviews and recommendations. These include the Environmental Justice Action
Committee, which conducts numerous stakeholder meetings across the state,
focusing on disadvantaged communities. The most recent workshops (over the
summer of 2020) have focused on the 2045 carbon neutrality goal, ahead of a
2022 Scoping Plan update.
 The incentives/motivations/goals of the governing bodies: We expect that

statewide GHG emissions targets remain in place, and remain ambitious. For
instance, the GHG emissions target of 40% below 1990 levels by 2030 is very
ambitious, coming after the 2020 target of parity with 1990 levels. The CA ETS
emissions cap is a portion of this (just under 80%), as it does not cover land use
and agriculture and fugitive emissions.
 We take seriously the considerations for CA ETS system design (and thus

reasons for changes over time): These include the following: (1) The CA ETS
is one part of a set of policy tools to reduce emissions, including the Renewable
Portfolio Standard, Low Carbon Fuel Standard, ZEV mandate, and other
measures. The CA ETS is in a sense a “safety net” to keep emissions on target
with volume certainty, but the other policies are intended to achieve much of the
trajectory of emissions.
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 (2) Revenues, which are directed t toward climate actions that further reduce

emissions. This could come under pressure from other spending priorities, in the
wake of COVID-19. Also, revenue volatility has come from the price floor (Auction
Reserve Price) mechanism in the past, where unsold allowances meant less
revenues than expected. Addressing this could be important going forward, by
changing the system to reduce allowance allocations in proportion with unsold
government allowances. (3) Overall market and price stability, avoiding too-low
prices or too-high prices. (4) Carbon leakage, competitiveness. This is satisfied
particularly by providing free allowances to industry at some benchmark level
depending on their 'leakage risk', with the idea that industry/jobs don’t just move
to another jurisdiction, but the carbon price still means a marginal benefit of
reducing emissions remains.
 Changes to linkages with other ETS’s: January 2014 saw the Quebec linkage

established. There was a jump in 4Q’14 entity holdings of CCAs as a result, with
steady increases through end-2018. January 2018 saw the Ontario linkage
established, but this was brief as Ontario announced it would end its ETS in June
2018.
AB 398 (2017), extended the ETS to 2030. Some changes took effect in 2019,
others will take effect in 2021. For reference, there were price stability
mechanisms already in place from the start of the ETS: a rising auction reserve
price (ARP) floor price, rising 5% plus inflation each year. Banking is allowed, but
there are holding limits for entities. There are a self-ratcheting mechanism to
remove unsold auction allowances and an auction price containment reserve
(APCR) to provide a soft ceiling, at tiered price levels increasing over time.
Post-2020 adjustments:
 Declining emissions caps reflect SB 32 emissions reduction target of 40% below

1990 levels by 2030.
 Removal of allowances from post-2020 caps to reflect lower expected emissions

in 2021.
 Self-ratcheting mechanism transfers unsold auction allowances to reserve/ceiling

if there is no demand for 24 months.
 Lower carbon offset usage limits. Pre-2020, each entity could use up to 8% for

compliance. 2021-25 the limit is 4%. 2026-30, the limit is 6%. At least half must
benefit California.
 Hard price ceiling and two cost-containment reserve tiers. Hard price ceiling, set

in 2021 at $65, with two reserve tiers below at $53.20 and $41.40, rising at 5%
plus inflation. Two price containment levels below that.
The California cap-and-trade system could be adjusted over time to keep
prices high enough, to meet increasingly ambitious climate goals. Some of the
August 2019 workshops on market stability saw various presentations with various
recommendations for potential changes. For instance, to avoid too-low prices, there
are various measures:
 Adjustments to the cap
 Adjustments to the flow of unsold allowances at the price floor back into the

market and/or into the allowance price containment reserve
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 Vintage differentiated allowances, for example, by applying a discount rate on

banked allowances
 Increases to the price floor
 Using allowances as an alternative compliance instrument (with appropriate

currency adjustment) in the LCFS
 Introducing additional price-triggered supply adjustments like the emissions

containment reserve
Generally, some presenters suggested it may be better to adopt rules-based
approaches rather than ad-hoc adjustments after reviews. It can help to vintage
differentiate compliance value, from before and after any pricing reform.
Originally, in the context of the 2018 CARB reports on amending 2021-2030
allowance regulations, there was not expected to be a major surplus of allowances
during the period, with more of a view toward higher allowance prices, due to the
ambition of the 2030 target, and difficult abatement trajectories for industry and
transportation. Cost containment was more the concern for 2021-30.
However, COVID-19 crushed demand (particularly in transportation), leading to
undersubscribed auctions, with state revenue impacts. May was heavily
undersubscribed but markets have since tightened. Under current rules, unsold
allowances will not be re-offered until two auctions clear above the reserve price.
This is likely to happen soon. (Otherwise, after 24 months, unsold allowances would
be moved to the Auction Price Containment Reserve).Ongoing Scoping Plan
updates continue to point to policymaker intentions to keep allowance supply tight
enough going forward, with rising auction floor price providing further support.
Meanwhile, the 2045 carbon neutrality target is stronger than the 2006 S-3-05 target
of 80% of 1990 emissions by 2050. The 2020s should see tightness in allowances
later on.

European Carbon Markets
Carbon Trading in the EU Background
ICG MSS, Commodities
Dougal Corden

Carbon trading has been at the heart of European climate policy since its
introduction in 2005, with Phase 1 of the EU Emissions Trading Scheme (ETS). 52
This initial phase (2005-2007) was followed by Phase 2, which ran alongside the
Kyoto Protocol commitment period (2008-2012). 53 Europe extended its carbon
scheme beyond the Kyoto commitment period with it Phase 3 (2012-2020) and is
now approaching the Phase 4 of the EU ETS (2020-2030). Carbon trading is still
playing a significant role in influencing the current energy mix and shaping the
course of future European energy policy.

52

The EU ETS operates in all EU countries plus Norway, Iceland, and Lichtenstein,
covering >11,000 power stations, industrial installations and airlines
(https://ec.europa.eu/clima/policies/ets_en)
53 https://unfccc.int/kyoto_protocol
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Figure 39. History of EU ETS EUA prices 2005-2020
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Prices within the EU ETS have fluctuated, often wildly from low single digits to over
€30 on several occasions since its inception, recovering from over-issuance in
Phase 1 and another oversupplied market post the 2008 global financial crisis.
Early issues of over-allocation, stemming from lack of data have been
overcome and the system has undergone a series of reforms. This allows EU
politicians, who oversee the market structure, to have a much deeper and extensive
set of historical data available to guide future reforms.
2020 also saw the end of the Kyoto Protocol compliance period for governments —
the international agreement, out of which the Clean Development Mechanism
(CDM) and Joint Implementation (JI) were born. CDM and JI worked alongside the
EU ETS, allowing for companies within the EU ETS the import and usage of credits
issued under the Kyoto Protocol for compliance.
While CDM and JI faced criticism, as did the early implementation of the EU ETS,
the broad reach of the Kyoto Protocol, which targeted carbon dioxide and other
greenhouse gases, meant that many of the low-cost greenhouse gas abatement
objectives were achieved. The CDM also encouraged significant investment in
renewables through wind, hydro and also substitution from high- to low-carbon
intensity fuels.
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Rapidly decreasing global cost-curves for renewables (solar and wind)
brought about by technological improvements, but also by Governments
embracing renewables by means of various national-level subsidies while at the
same time introducing levies on energy and carbon, has meant that renewables are
now cost competitive in many jurisdictions globally.
Recent years have also seen significant investment in natural gas, which has
driven down costs relative to coal — its historical main competitor in electricity
generation — and in 2020, natural gas, with its lower carbon intensity is now the
favored fuel of choice in grids where that choice is possible. The establishment of a
truly global Liquefied Natural Gas (LNG) market has accelerated this transition.
While progress has been made over the last 15 years in terms of decarbonization54
and an increased adoption of renewables as a means of power generation, Europe
is in the process of increasing their 2030 emissions reduction goals from 40%
to “at least 55%“ as well as adopting a net-zero 2050 target.
Europe is not alone in setting future greenhouse gas and climate targets.
Many governments and companies are joining Europe in making ambitious carbon
reduction goals but progress will be needed from sectors outside the flagship
carbon trading scheme as well as significant technological advancements for those
companies governed by it. These efforts are currently being undertaken in the
absence of a successor to the Kyoto Protocol but with the aims of the Paris
Agreement (2015) 55 as their foundation.
The Paris Agreement has a central aim of strengthening the global response to the
threat of climate change by limiting the global temperature increase to well below
2°C, though ideally 1.5°C, while at the same time reinforcing countries’ ability to
deal with the impacts of climate change.
Europe still has further decarbonization efforts in East and Western Europe, which
can in part be met by investments in renewable power generation. But investment
will also be needed in more technologically sophisticated power grids and batteries
as a solution for dealing with the more intermittent nature of renewable power
generation.
The challenges facing industry and the power generation sector are both reliant on
enhancing technology, but Europe’s industrial sector also faces significant
competition from overseas.
In order to ensure European industry remains competitive globally, while
facing disproportionately higher carbon prices than jurisdictions outside the EU, the
implementation of a Carbon Border Adjustment mechanism56 will be a
necessary to ensure European industry does not suffer from cheaper imports from
lower carbon priced regimes.

54

In energy intensity terms
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
56 https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/filecarbon-border-adjustment-mechanism
55
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Changing Supply and Demand
While imperfect and with nuanced rules and acronyms that many will be unfamiliar
with, the European ETS has been the main driving force behind a significant
amount of coal-to-gas switching and encouraged rollout of renewables, which is
ongoing and forces companies to consider their cost of CO2 emissions when
previously they didn't have to.
In response to low prices in the EU ETS, many overlaying national-level
policies were introduced, meaning the implied cost of emitting CO2 is actually
much higher in many EU Member States. Reforms to the EU ETS itself from 2014
onwards included “back-loading” (postponing) auctioned volumes and placing
excess EU Allowances in circulation placed into the Market Strategic Reserve. 57
This increased scarcity and a further move away from free issuance to
auctions, means the shortfall at utilities is increasing. Meanwhile the industrial
sector is undergoing a transition from being once oversupplied (in a low price
environment) to now having a deficit (in a higher-priced environment) and will be
forced to compete with the power generation sector for auctioned EU Allowances as
we move into Phase 4.
Revenues from auctioned EU Allowances are distributed amongst Member
States as well as to two key funds:
 The Innovation Fund58: - which will direct revenues to focus on innovative low-

carbon technologies and processes in energy intensive industries, carbon
capture and storage (CCS), as well as energy storage.
 Modernization Fund59 - which seeks to direct revenues to 10 beneficiary

Member States60 to support modernization of energy systems.

Market Directions
2020 has seen significantly higher auction volumes than historically and
higher than we can expect going forwards. Like many financial and energy markets
around the world, EUA prices had a significant price correction in the first quarter of
2020 resulting from a COVID-19 slump in demand as well as this higher auction
supply. 61
So far, the EU ETS has recovered quickly as participants look beyond the 2020
demand shock to the need for the market to price further emissions abatement,
which many analysts believe will require significantly higher carbon prices. 62 In the
short-run, we can expect to see further utilization of coal-to-gas switching before the
market looks to find longer-term abatement options.
Europe now looks as though the 2030 CO2 emissions target will be legally set
to “at least 55%” under 1990 levels, which may include a one-off adjustment to
the EU ETS cap and therefore supply of allowances in the market.

57

https://ec.europa.eu/clima/policies/ets/reform_en
https://ec.europa.eu/clima/policies/budget/modernisation-fund_en
59 https://ec.europa.eu/clima/policies/budget/modernisation-fund_en
60 Bulgaria, Croatia, Czech Rep., Estonia, Hungary, Latvia, Lithuania, Poland, Romania
and Slovakia
61 The regular auction schedule was increased by additional UK 2019 and 2020 auction
volumes in 1H-20 (123mmt), as well as 50mt from the Innovation fund (Sep-Dec).
62 https://carbon-pulse.com/111076/
58
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A higher price environment not only works from a market point of view in that the
price sends the right signal to drive necessary investment towards lower carbonintensive means of power production as well as technologies for industry, but the
EU ETS is also increasingly being used as a revenue generating tool for funding the
implementation of EU and Member State level policy.
And with the direction of travel of EU and national-level climate policy likely to
continue, we can expect further significant changes to the way our power is
generated, stored and transmitted over the next decade.
(For an extensive primer on the EU ETS, see Green is the Color.)

Carbon Offsets and Voluntary Efforts
As discussed, companies and governments around the world are making
commitments to decarbonize and 2020 saw a multitude of these new
commitments, many aiming for net-zero over the coming decades.
The pathway to achieving net-zero targets is not always clear. However, the
voluntary carbon markets can help by providing a route to achieving this as
demonstrated by the ongoing efforts of the Taskforce for Scaling Voluntary Carbon
Markets.63
Progress in voluntary market standards can also help pave the way for further
progress to be made at COP26 in the U.K. in September, providing an
internationally agreed framework for achieving aims of the Paris Agreement.
(See also Sustainable Tipping Points: Carbon Offsets.)

63
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6. Renewables and the Power Sector
For the power sector and renewable energy in particular, the already strong
momentum behind green energy development in the past few years will likely
accelerate further, as many governments, corporates, and NGOs are driving a
green recovery post-COVID-19, though policy support would be key, as some
companies have been hit hard by the pandemic.

Commodities Research
Maggie (Xueting) Lin
Anthony Yuen

In the pre-COVID-19 world, “less is more” was a key theme in renewable
energy development, where more capacity is installed at increasingly lower
costs. In 2019, the world added twice as much new renewable capacity as it did in
2010, but at just ~20% more in total expenditure. Technological improvements have
driven down the average installed costs for solar and wind, with battery costs also
coming down.
Looking ahead in the post-COVID-19 world, renewables are on track to
capture more of fossil fuels’ market share due to continued cost reduction
and policy support. Nonetheless, natural gas, even with the added cost of
installing and operating carbon capture utilization and storage (CCUS) facilities,
should remain competitive, especially within the next decade.

The “Less Is More” Investment Trend Continues
Over the past decade, the world has ramped up annual investments in
renewable capacity and the capacity gain has been even more impressive.
Since 2016, less is spent, yet more capacity is added. The biggest winner is
utility-scale solar photovoltaic (PV), whose annual global investments have more
than tripled since 2010. What’s even more impressive is its 14-fold jump in annual
newly-installed capacity. Similarly, in 2019, the market added 80% more of onshore
wind capacity than in 2010, at just 40% more annual investment.
Figure 40. Installed Cost for Utility-Scale Solar
PV (2010-2019)
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Figure 42. Installed Cost for Offshore Wind
(2010-2019)

995

7,000

2019 US$/KW

9,000

Figure 41. Installed Cost for Onshore Wind
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The cost reduction trend has continued in 2020. In July, China awarded ~26 GW
of solar PV projects at an average auction price of $56/MWh, ~10% cheaper than
2019 on average (weighted by auction capacity), and less than half of that in 2017.
Similarly, in the U.S., initial offtake prices for solar PV and onshore wind averaged
$36/MWh and $24/MWh in 2020, weighted by power purchase agreement (PPA)
contract capacity, an 18% and 24% decline year-over-year respectively.
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Figure 43. China Solar PV Auction Price (20162020)

Figure 44. U.S. Initial Offtake Prices by PPA*
Start Date for Solar PV (2008-2022)
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Figure 45. U.S. Initial Offtake Prices by PPA
Start Date for Onshore Wind (2008-2020)
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The large and steady drop of solar and wind installed costs has helped to
attract massive capital inflows. In a virtuous cycle, greater investments, in turn,
lead to continued improvements in economies of scale. Solar and wind continued to
draw most of the annual global investments in renewable capacity in 2019.
Together, they represented over 80% of total renewable energy investments,
including hydro, over the past two years.
In 2020, the world looks on track to have added 107 GW of new capacity of
solar PV for the year, roughly flat from 2019, as growth in China and U.S.
offset declines nearly everywhere else, given lower spending accompanying
the COVID-19 pandemic. Still, that is more than double the 49 GW it added in
2015, and an impressive six-fold jump from the 17 GW addition in 2010, especially
considering how the pandemic has significantly dragged down global economic
growth. The U.S. added ~6 GW of utility-scale solar PV in 2020 through September,
compared to 2.3 GW added in the first nine months of 2019.
Global onshore wind could add ~72 GW in 2020, up 31% year-over-year, with
China and U.S. the major drivers again. The U.S. has added only ~6 GW of new
onshore wind capacity during the first nine months of 2020, a mild year-on-year
gain, but it is scheduled to add almost 18 GW during the final quarter of 2020.
December has typically seen the most wind and solar capacity to come online in the
U.S., as developers tried to push through the finish line by year-end in order to
receive tax benefits. Still, December 2020 was exceptionally busy, with 10.6 GW of
new onshore wind capacity coming online, more than doubling the previous record
of 5.2 GW in December 2012.
For hydropower, despite its more favorable, steady generation profile
compared with intermittencies exhibited by wind and solar, its share within
the total global renewable capacity investment has been dwindling in the last
few years, down to only 9% in 2019, from over 25% in 2013. The volume of new
capacity added each year has also shrunk over the years, from 47 GW in 2013
down to just 13 GW in 2019. A slowdown of China’s momentum is one of the major
drivers, since China contributed to ~40% of new hydropower capacity over the
same period. The technology of hydro is very mature, after decades of
development, fewer virgin areas are available to launch new projects, and there is a
backlash against them. Meanwhile, solar and wind are still in the ramp-up period
that should still benefit from technological improvements and economies of scale.
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Figure 46. Annual Global Net Capacity Additions for Solar PV (utilityscale + distributed) (2015-2020)

Figure 47. Annual Global Net Capacity Additions for Offshore Wind
(2016-2020)
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Nonetheless, 2020 to 2022 should see a rebound of new hydropower capacity
coming online, driven by two mega-dams in China long under construction.
Wudongde, the world’s 7th largest dam, started operation in July of 2020, with its
full capacity to be online in 2021. The other one, Baihetan, with an even larger
capacity, should start in 2022.
In the longer term, hydropower’s share in the power generation mix should
lose ground again to solar and wind, as costs of solar in particular but also
wind fall further, while hydro’s costs have limited room to improve. China, as a
nation with the most renewable developments in recent years, seems to be running
out of the easiest locations for new projects, further pressuring costs upwards.

Future of Power Generation — Sunnier, Windier and Greener
Investments in renewables should accelerate post-COVID. As the world
eventually recovers from COVID-19, many governments, corporates, and NGOs are
seizing this moment to push more aggressively for a green recovery. Decarbonizing
the power sector is a key objective. It is happening globally:
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 In Asia, China has pledged to hit peak CO2 emissions before 2030 and be

carbon-neutral by 2060. Citi estimates China's wind and solar capacity to
increase by 6.7x and 9.8x, respectively, between 2020 and 2060. Coal-fired
capacity, in contrast, could fall 62% in the same period.
 In the U.S., the Democratic proposal, if carried out, would target a net zero

carbon emission power sector by 2035 and a doubling of offshore wind capacity
by 2030. Citi estimates coal generation’s contribution to keep falling by 2030. The
status quo scenario expects 16% U.S. power generation to come from coal,
down from 28% in 2019. This number could drop significantly lower to just 5%
under a more aggressive green energy scenario akin to the Green New Deal.
 In Europe, the European Commission aims to reach net-zero greenhouse gas

emissions by 2050. Member countries have also set out ambitious targets for
their power sector. For example, Germany, a country with many coal mines, coalfired power plants, and some local economies that have a large coal presence,
is, on the one hand, set to decommission the last coal-fired power station by
2038 at the latest. It expects to double its total solar capacity and more than triple
its offshore wind capacity by 2030. More broadly, Citi expects more than 55% of
total electricity production in the EU to come from renewables by 2050, up from
28% in 2020.
Countries with superior solar and wind resources also set up very ambitious
targets:
Figure 50. Chile Has Great Potential for
Renewable Power (+1800GW in total, or 70x
current total installed capacity including
fossil fuels)

 Chile expects 70% of the power grid to be renewable by 2030, according to its

National Green Hydrogen Strategy. Blessed with some of the world’s best wind
and solar resources, renewables already account for ~48% of the total 25GW
installed capacity in Chile in 2019, with hydro at 27%, utility-scale solar PV 12%
and onshore wind 7%. It also pledged to phase out all coal-fired power plants by
2040 and achieve carbon neutrality by 2050. The first batch of 8 coal power
plants with a combined capacity of over 1GW will be shut down by 2024, ~20% of
current coal capacity in total.
 In Australia, there is a lack of national level renewable policies besides the

Large-scale Renewable Energy Target, which mandates at least 33,000 GWh of
electricity to come from renewables by 2020. This target was already met in
September 2019, but will continue to bind until 2030. Therefore, state
governments in Australia have stepped up to fill the void.

Source: Chile National Green Hydrogen Strategy, Citi
Research

 Among the Gulf Arab countries, UAE and Saudi Arabia have been the regional

leaders in their efforts of bringing renewables online, and have also set up
aggressive targets.
Against the backdrop of the global policy push for renewables, natural gas
should remain key in support of the Energy Transition. In the U.S., natural gasfired generators accounted for 43% of U.S. capacity64 in 2019. Natural gas is set to
remain the leading fuel at least over the next decade. Natural gas-fired combinedcycle plants, which provide the majority of total U.S. natural gas-fired generation,
should remain cost competitive with solar PV over the next decade. They also
outcompete wind significantly, and remain so even after adding the cost of CCUS,
according to estimates from the US Natural Renewable Energy Laboratory (NREL),
a highly reputable government research organization. However, the competition
tightens beyond 2030.

64
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China, the world’s biggest emitter of greenhouse gases, could rely more on natural
gas, besides renewables, to cut down its emissions. Gas demand should continue
to grow, given its favorable environmental and operational properties. To meet
domestic demand growth, China has been importing more natural gas, with much of
which having to pass through the South China Sea. Apparently at the recognition of
the rising import dependency and generally high costs of gas imports, China is
increasingly leveraging its large yet complex gas resource endowment by raising
domestic natural gas production.
Figure 52. U.S. Natural Gas Combined Cycle
LCOE (2020-2050)
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Figure 53. U.S. Onshore Wind LCOE (20202050)
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Greater flexibility is key to ensuring the reliability and stability of the power
systems of the future, as the share of renewables power grows. Major
providers of power system flexibility include demand response, grid
interconnections, energy storage and dispatchable power generation such as gasfired power plants. Extreme weather events could be another factor threatening the
power system. The power system could also be tested by the increasing popularity
of electric vehicles despite its relatively small share in total power demand to date.
While coal is becoming more out of favor, the world was still investing in
many new coal-fired generation plants in 2020. How this might change
concretely, even with the surge in interest in the energy transition since COVID-19,
would be key to the near-term future of coal. But the most likely direction will be
down. Indeed, the closing of coal-fired plants, especially in Europe and the U.S.,
has finally overtaken the pace of new builds in Asia during the first half of 2020. For
the first time on record, the world recorded a net loss of coal power capacity — 2.9
GW for the first half of 2020.
Carbon pricing could also serve as an important market-based tool to reduce
greenhouse gas emissions in the power sector. It can be 'price-based' where an
explicit carbon fee or tax is charged on each ton of greenhouse gas emission; or it
can also be 'quantity-based like cap-and-trade systems implemented in Europe, in
California and in 10 states in the Northeastern U.S.65 In fact, there are 61 carbon
pricing initiatives in place or scheduled globally according to a World Bank report
published in May last year66. Together, they could cover 12 GtCO2, or about 22% of
global greenhouse gas (GHG) emissions.

65

The program in the northern part of the U.S. is called the Regional Greenhouse Gas
Initiative (RGGI).
66 State and Trends of Carbon Price 2020 published by the World Bank Group
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7. Carbon dioxide removal, and carbon capture
and storage
Commodities Research
Eric Lee

What is carbon dioxide removal? Carbon dioxide removal (CDR), and carbon
management broadly, represent a set of climate mitigation solutions including
carbon capture and storage (CCS), including carbon capture, utilization and storage
(CCUS), as well as a range of natural, engineered, and hybrid solutions, including
forestation, direct air capture (DAC), and soil carbon sequestration (such as Salk
ideal plants).
Figure 54. Illustrative Decarbonization Pathways and Role of Non-Power/Industrial Sectors
Including CO2 Removal and CCS

Source: Global CCS Institute, IPCC

Decarbonization is ultimately about reducing the concentration of carbon
dioxide and other GHGs from the atmosphere — it is imperative to consider
carbon dioxide removal technologies too, not just emitting less. CDR and
CCS are crucial for offsetting near-term emissions quickly, but also removing
past GHG emissions, restoring the climate further by going beyond net zero
to net negative emissions. When included as part of a decarbonization portfolio,
CDR/CCS can lower the overall cost of reaching net zero goals, as it is likely to
represent lower cost options than building out the last and most expensive chunk of
zero-carbon power. Further, it is a key pathway for decarbonizing heavy industry
high heat and process emissions such as those from cement, chemicals, and steel,
as well as for so-called blue hydrogen (and ammonia) production, via steam
methane reforming (SMR) plus CCS, which could help to decarbonize heavy
industry and power as well as transportation. (See more in Chapter 8 on hydrogen.)
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Meanwhile, firm power from natural gas plus CCS, as part of an electrical grid with a
high proportion of renewables, would support greater grid stability, as well as doing
it in a much more economical way than renewables plus storage. Though some
may consider CDR as inviting moral hazard, as if giving permission for emitters to
emit more, this is unlikely to be a significant issue, and the benefits of much faster
emissions reductions starting at an earlier date are significant.
Figure 55. Global CCS Hubs or Clusters Operating or in Development Worldwide

Source: Global CCS Institute 2020

Crucially, CDR/CCS requires policy support, most notably some kind of
carbon price, and a policy framework that provides clear and credible guidance for
the long run in order to support investments. In the U.S., the main policy supports
today come from the Federal 45Q tax credit and the California Low-Carbon Fuel
Standard Credit (LCFS). The former should reach $50/t by mid-decade and has a
good likelihood of being extended (as of now, projects need to be operating by
2024, which is a very tight timeframe for additional projects to be greenlit, and
receive the tax credit for no more than 12 years). The LCFS credit has been trading
at close to $200/t for a while now (but has the risk of price volatility in the future).
The California cap-and-trade could incorporate the same CCS protocol as the
LCFS, allowing CCS projects to earn CCA emissions allowances too. Without the
ability to monetize the CO2 removal, CCS projects can fall by the wayside. For
instance, the Petro Nova project in Texas captured power plant CO2 emissions, and
provided this for enhanced oil recovery (EOR). Its 'carbon price' was derived from
the use value of the CO2 in producing additional oil, but this fell drastically with the
oil price crash in 2020 due to COVID-19. As other CCS projects emerge, based on
the economics of carbon prices and credits, the expected and realized level and
volatility of these revenue streams will matter for obtaining financing, as well as
ongoing operations.
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As noted by the Clean Energy Ministerial’s Financing Principles for CCUS
(2020), along with clear policy support, public understanding and support
needs to be cultivated. The CEM’s CCUS Initiative came up with 10 key principles
for financing CCUS (see box below). Among them is the recognition that clear
communication about the benefits of CCUS is needed to build public support for
what remains a somewhat unknown set of technologies for the wider population.
Suspicion and backlash against CDR/CCS efforts could stymie policymaking and
the prospects for fast growth of this crucial decarbonization pathway.

Key Financing Principles for CCUS
1.

Industry, governments and the financial sector should communicate the importance of CCUS.

2.

Government policies should establish a revenue stream for CCUS to facilitate private sector investment.

3.

The financial sector, industry and governments should work together to facilitate CCUS investment and help
mitigate the risks of CCUS deployment.

4.

Industry, the financial sector and governments should work together to establish a pipeline of CCUS projects.

5.

The financial sector should ensure CCUS is part of their climate change strategies and is eligible for sustainable
finance.

6.

The financial sector should strive to accelerate the development of novel financing approaches to CCUS.

7.

Governments should consider CCUS as part of their Nationally Determined Contributions (NDC) under the Paris
Agreement.

8.

Governments should utilize existing development and climate institutions to advance CCUS in developing countries.

9.

Governments should consider CCUS investment as a means of creating and preserving sustainable jobs and
providing a low-carbon stimulus to the economy.

10. Industry, governments and the financial sector should consider CCUS investment as a means of driving innovation
and supporting broader industrial development.
Source: Clean Energy Ministerial Key Financing Principles for CCUS
Ongoing R&D and deployment are also important over time, to benefit from
economies of scale and broadly bring down costs. CDR represents a set of
technologies that range from very early to just about to mature. That said, the policy
supports have only truly arrived recently. In the U.S., the 45Q tax credit for CCS
was revised in 2018, but only with the IRS’s clarification of certain rules (particularly
around 'secure storage') in June 2020 has it become useable for financing CCS
projects. In Europe, the accelerating momentum of climate policy and the European
Green Deal economic plan is combining with a push by Norway and northeast
Europe to establish a CCS cluster around geologic storage in the North Sea. There
is meaningful activity taking place in Australia, Brazil, Canada, China, and the
Middle East. So even as there were already 21 large-scale CCS facilities in
operation and 40 at various stages in development as of September 2020
(according to the Global CCS Institute), there could be a notable acceleration going
forward, presenting growing green investment opportunities that have significant
decarbonization potential this decade.
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More broadly, there is an opportunity to build out a new 'carbon management'
infrastructure for what could be a $100bn+ industry by 2030-40.
Decarbonization pathways (such as IPCC’s scenarios in Figure 54) point to CCS
getting to the gigaton scale by the 2030s; 1 GtCO2 at $50-100/t carbon price
constitutes a $50-$100 billion sector by revenue for carbon captured. Hubs and
clusters of carbon-intensive industries could provide the earliest opportunities for
CCS, ideally near underground geologic storage. CO2 pipelines could connect
clusters to geologic storage further afield. CDR including DAC and natural/hybrid
CO2 capture from the atmosphere would benefit from co-locating with renewable
power and geologic storage. Concentrations of industries that can utilize CO2 could
also emerge, including those that bond it into building materials like concrete, or into
synthetic fuels, including for hard-to-abate transportation sectors like aviation and
shipping. The CO2 pipeline and storage segments may be well-served by the
competencies of the oil and gas sector, as part of its transition. For instance, the
Alberta Carbon Trunk Line was started up in June 2020, running from a fertilizer
plant and a refinery to EOR use for oil and gas reservoirs, with the project
economics supported by emissions credits and EOR revenues.
Figure 56. CO2 Storage Capacity Assessments in the U.S.

Figure 57. Potential CO2 Pipeline Trunkline Routes

Source: EFI

Source: EFI
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Figure 58. Northwest Europe CCS Cluster

Source: Global CCS Institute
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Carbon neutrality vs. negative emissions. For clarity, it is useful to distinguish
between climate mitigation that results in carbon neutrality, and net carbon
emissions. Within a specific scope, such as lifecycle emissions, activities can emit
positive gross emissions. For instance (1) a gas power plant burns natural gas
extracted from underground reservoirs, and in the process, releases CO2. This was
CO2 formerly in geologic storage, extracted and burnt, releasing CO2 into the
atmosphere. This activity results in positive emissions. (2) Alternatively, burning
biomass for power or heat can be carbon neutral, defined as the biomass having
extracted CO2 from the atmosphere as it grows, with the CO2 returning to the
atmosphere after the biomass is burnt. (3) A gas power plant with CCS is like case
(1), but the concentrated CO2 in the exhaust gas is captured and stored in
underground geologic storage. Assuming this is done safely, this is permanent on
geologic timescales, and would represent close to carbon neutral. As it stands, CCS
captures up to ~95% of emissions, so it would not be entirely carbon neutral, but
very close. New designs for gas power plants, such as the Allam Cycle design, hold
the promise for 100% carbon capture; a pilot plant is running in Texas, with a
planned commercial facility perhaps by 2022. (4) Biomass is burnt for power or
heat, as in case (2), but the exhaust gases are captured and stored in underground
geologic storage. This has negative emissions, where the biomass extracted CO2
from the atmosphere, and that is mostly captured and stored permanently. This kind
of process is referred to as biomass energy carbon capture and storage (BECCS).
(5) Direct air capture, extracting CO2 from the air, and storing this in underground
geologic storage, represents negative emissions.
Main technologies. These range from nature-based solutions to engineered
solutions, with hybrids with features of both.
Natural solutions are among the most cost-effective pathways on a $/t basis,
but also have land-use considerations. These already happen on a massive
scale, as part of the natural carbon cycle. The global biosphere absorbs an
estimated net 19 Gt of CO2 from the atmosphere each year. It is this, netted against
human-made emissions that leads to a net increase of 18 GtCO2 added to the
atmosphere each year (National Academy of Sciences 2019). Interventions to boost
these “carbon sinks” could come from across the agriculture, forestry, and land use
(AFOLU) sectors. (Also see Chapter 11 on sustainable agriculture.)
Most notably, these include reforestation and afforestation, as well as restoring,
preserving and enhancing coastal and wetland ecosystems (sometimes referred to
as “blue carbon”). While forestation is relatively low cost, it also can run into issues
of land-use changes, and the opportunity cost of other uses of the same land;
carbon storage may not be secure either, with the risk of release by decay and
forest fires. On a global basis, it continues to be an important international climate
diplomatic matter, in terms of encouraging improved forestry management in Brazil
and elsewhere. Also part of the natural cycle is the weathering of rocks, which
absorbs CO2 through mineralization—there are efforts to boost and scale-up this
process. The ocean already absorbs significant quantities of CO2, and this can lead
to adverse impacts over time in terms of ocean acidity and combined with warmer
water temperature, is already damaging ecosystems, including coral bleaching.
There are efforts to look at ocean liming to offset this acidity and allow for greater
absorption of atmospheric CO2, as well as exploring algae to absorb more CO2.
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Figure 59. Strategies to Enhance Uptake of CO2 in Terrestrial and
Biological Ecosystems

Figure 60. Salk Ideal Plant Concept

Source: EFI

Source: EFI

One potentially promising hybrid approach is to boost soil carbon
sequestration, such as through the development of 'Salk Ideal plants'. The
Salk Institute has strived to boost the natural process of plants absorbing CO2 and
storing this in its root systems that then stay in the soil. It is conducting R&D in
genetic, genomic and biochemical development of plants ('Salk Ideal Plants') that
store more carbon and for longer in their root systems. In principle, the Institute
estimates the sequestration potential of the six most common row crops could be 48 GtCO2 per year, at a cost of under $10/t within 10 years, and could have other cobenefits including higher crop yields. Its R&D timeline points to potential deployment
in the 2030s. The Institute has a parallel initiative focusing on boosting wetland
carbon sinks as well. Public sector research is also going into this strategy via the
Department of Energy's Advanced Research Project Agency-Energy's (DOE ARPAE’s) ROOTS program.
Engineered CDR solutions are among the higher cost options today, but hold
great promise in scaling up and reducing costs. Whether CCS or DAC, shared
economic considerations include access to renewable or low- to zero-carbon power,
CO2 pipelines, geologic storage, or facilities that utilize CO2. Much of the CO2
utilization to date has been enhanced oil recovery (EOR) for producing from mature
oil reservoirs. Future trends could include synthetic fuels production from captured
CO2, which could provide close to, if not carbon neutral fuels on a lifecycle basis.
DAC refers to the capture of dilute, atmospheric CO2. The concentration of CO2
in ambient air is around 0.04%. This low concentration makes technological CDR
from the atmosphere particularly challenging, as capturing large volumes of CO2
requires processing massive volumes of ambient air. It makes sense to be located
close to low- or zero-carbon power, and geologic storage or CO2 utilization.
CCS refers to the capture of concentrated point sources like those from
power, industry, and hydrogen. Carbon capture is the part of the process that
remains the most challenging and expensive. (Transportation and storage are
relatively technologically mature parts of the process in comparison.) While the high
concentration of CO2 from industrial sources makes this a typically less challenging
proposition than DAC, the range of CO2 concentration across power plants and
industrial sources is still wide. Ethanol fermentation provides a 95% CO2 stream;
cement, iron/steel, and glass provide a 20-35% CO2 stream, and coal-fired power a
15% CO2 stream (National Academics of Sciences, EPA, and EFI).
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Figure 61. Estimated Cost and Scale of CDR Pathways for Net Negative Emissions
Pathways

Implementation
Cost at Scale
($/tCO2)

Afforestation, Reforestation, and
Forest Management

$15 to $50

Agricultural Soil Management

$0 to $50

Bioenergy with Carbon Capture and
Sequestration (BECCS)

$70 (Electricity)
$37 to $132 (Fuels)

Carbon Mineralization: Surficial
Existing Tailings

$10 to $20

Carbon Mineralization: Surficial
Mining and Grinding
Carbon Mineralization: Produce
Alkaline Water from Calcite
Carbon Mineralization: In Situ Basalt
and Peridotite
Coastal (Blue Carbon)
Direct Air Capture (DAC)

$90 to $600

Scaling Potential
Removal Rate
Removal Capacity
(GtCO2/yr)
(GtCO2)
U.S.: 0.25 to 0.60
U.S: 15 to 38
Global: 2.5 to 9.0
Global: 1.125 to 1.570

Potential Negative Impacts
and Limitations
Warming effect at high latitudes;
streamflow reduction in low-rainfall areas;
land availability and competition with other
productive land uses such as food and
fiber; biodiversity loss (monocultures)
May increase N2O emissions

U.S.: 0.25
Global: 3.0
U.S.: 0.5 to 1.5
Global: (3.5-5.2) to (10-15)

U.S: 7
Global: 90
N/A

$50 to $500

U.S.: 0.001
Global: 0.02 to 0.20
Unknown

U.S: < 1
Global: 10
Unlimited

< $10

N/A

N/A

N/A

$20 to $5,000

Unknown

Unlimited

$10

U.S.: 0.024 to 0.050
Global: 0.13 to 0.80
Large

U.S: 0.26 to 4.0
Global: 8 to 65
N/A

Groundwater contamination; induced
seismicity
Land availability and competition; sea-level
rise

Land availability and competition with other
productive land uses such as food and
fiber; biodiversity loss; changes in albedo;
fertilizer pollution
Water and air contamination
Water and air contamination

Large thermal and electrical energy
requirements and associated emissions

Source: EFI, National Academies of Sciences, Engineering, and Medicine

Cost trends. The challenge remains largely in the capture part of the process, with
various improvements possible in the areas of catalysts, membranes, solvents, and
sorbents. The table above shows the NASEM 2018 estimate of the cost range of
DAC at $90-600/t, though other estimates range from $50 (Global Thermostat 2018)
to $94-232 (D. Keith reporting on a Carbon Engineering design in 2018) to $142343 (Rhodium 2019). Forward projections by M. Fasihi et al. project DAC costs
(with and without free waste heat) could fall to $67 and $117/tCO2. For CCS, costs
are on the order of ~$70 to $100+ currently, and could see potential learning rates
of over 10% cost reductions per doubling of deployed capacity, if the historical
experience of flue gas desulfurization (with a 12% learning curve) is a relevant
analog (Rubin 2017). R&D, learning by doing, and learning by using are all needed
to reduce costs and boost economies of scale for this decarbonization pathway.
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Figure 62. EFI/Stanford Assessment of 76 Identified CCS Opportunities in California

Source: EFI/Stanford

Financing opportunities and challenges, given policy outlook. California
provides a good example for how policy and enabling conditions can set in motion
higher growth in CCS and CDR, drawing on various roadmaps drawn up by Energy
Futures Initiative, Lawrence Livermore National Labs, and Stanford University.
Daring from the work of the EFI/Stanford study on CCS opportunities and
challenges in California: firstly, CCS developments in and around California can
access a set of carbon prices and credits to provide revenue streams — the
California LCFS credit worth ~$200/t, and the federal 45Q tax credit, worth $50/t by
2026. (If the California cap-and-trade system also allowed CCS projects to be
eligible, this could provide a further $17/t floor price or higher, depending on CCA
market conditions.) The policy environment is reasonably stable and there are clear
decarbonization targets.
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The CCS roadmap considers the location of geologic storage (with 70 Gt of CO2
storage capacity identified in California), and clusters of CO2-intensive facilities. It
suggests potentially sensible CO2 pipeline corridors where needed. It shows the
regulatory process at a state and federal level, in order to be eligible for the LCFS
credit and 45Q tax credit. It also considers community impacts, an important
consideration for public buy-in and overall environmental justice factors that are
important for broader social goals. Making a prudent base case assumption of
$100/t LCFS credits for a 15-year period for the project (even though they are
currently trading at ~$200/t), ends up identifying 76 candidate facilities across the
cement, combined heat and power (CHP), ethanol, hydrogen, natural gas power,
and oil refinery sectors. It also estimates emissions and capture costs (see Figure
63 and Figure 64). Combined with the positive revenues from carbon as well as
some other revenue streams, a marginal abatement curve is shown, with some 20
MtCO2 of annual emissions currently in the money, in principle, of an identified 60
MtCO2 of mitigatable emissions.
Financial profile of selected CCS projects. Ethanol plants adding CCS would
benefit from 45Q and the LCFS. Refineries adding CCS to its hydrogen production,
combined heat and power, and FCC unit, would benefit from 45Q and the LCFS.
Generally, combined heat and power facilities, cement production, and natural gas
combined cycle power plants with CCS would benefit from 45Q, but not the LCFS.
And CCS projects overall are not yet eligible to receive the California cap-and-trade
credit. Noting again that the assumption is for $100/t LCFS credits, adding eligibility
for a $20 cap-and-trade credit would start to bring some gas power plants and
cement facilities into the money; eligibility for a cap-and-trade credit pricing at $60/t
would bring in the majority of the identified CCS investments into bankable projects,
per the EFI/Stanford analysis.
Figure 63. Stylized Project Economics for Adding CCS to a Natural Gas
Combined Cycle Power Plant with Co-located Geologic Storage, in
California, Benefiting from 45Q Tax Credits Only; this Project would
Require an Additional >$60/t Cap-and-Trade Credit to See >15% IRR

Figure 64. Stylized Project Economics for Adding CCS to CHP, H2, and
FCC Units in an Oil Refinery in California, with Off-site Geologic
Storage, Benefiting from 45Q Tax Credits, and LCFS Credits (for 15
years), this Project Sees >15% IRR

Source: EFI/Stanford

Source: EFI/Stanford
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A similar roadmap has been drawn up by Lawrence Livermore National Lab
for net negative emissions pathways for California, from natural to engineered
solutions, including their CO2 mitigation potential volumes and costs per tCO2 (see
the below table, and the full report).
Figure 65. Lawrence Livermore National Laboratory Roadmap for Net Negative Emissions Pathways in California
Quantity,
2025

Pathway
Gasification of Dry Municipal Solid Waste
to Liquid H2
Gasification of Sawmill Residue and Shrub
& Chaparral to Liquid H2
Gasification of Forest Management to
Liquid H2
Gasification of Low Moisture Agricultural
Residue to Liquid H2
Biogas to Electricity with Local Carbon
Capture (Retrofit Power Plant)
Ethanol Fermentation
Natural Solutions
Geothermal Direct Air Capture
Solvent Direct Air Capture
Total Negative Emissions

Quantity,
2045

Conversion Conversion
Cost, 2025 Cost, 2045

million tons million tons
CO2 neg/yr CO2 neg/yr

Storage
Cost

Total Avg
Total Avg
Cost, 2025 Cost, 2045

$/ton
CO2 neg

$/ton
CO2 neg

$/ton
CO2 neg

$/ton
CO2 neg

$/ton
CO2 neg

$/ton
CO2 neg

16.1

17.1

14.4

14.4

8.3

6.0

28.7

28.7

14.5

14.5

28.0

28.0

13.1

6.0

47.1

47.1

24.9

24.9

44.8

44.8

13.0

6.0

63.8

63.8

16.1

19.5

50.8

50.8

7.1

6.0

63.9

63.9

8.4

7.0

76.9

83.7

6.5

6.0

89.4

96.2

0.9
6.3
11.0
26.9

0.9
25.5
11.0
4.7

42.4
11.4
247.0
235.0

42.4
11.4
182.0
190.0

6.9
0.0
5.3
2.0

55.3
11.4
258.3
245.8

55.3
11.4
193.3
200.8

125

125

6.0
0.0
6.0
8.8
Total
System
Cost
($bn/yr)

14.1

8.1

Source: LLNL Getting to Neutral: Options for Negative Carbon Emissions in California
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8. The Hydrogen Moment
Commodities Research
Ed Morse
Anthony Yuen
Maggie X. Lin

Hydrogen virtually exploded into the global Energy Transition dialogue in
2020, all but dominating conversations across the planet. However, the
momentum was building rapidly in 201967, a year of initial awakening about the
potential versatility of hydrogen across virtually all energy uses, beyond the refining
and chemical sectors, which continued to dominate the 70-mt/yr of hydrogen use.
The major focus of the initial wave of interest was on cleaning up hydrogen
production (6% of global natural gas consumption and 2% of coal use),
producing some 830 Mt of annual global CO2 emissions. The two main ways to
do that are using CCUS (carbon capture, utilization and sequestration) to reduce
hydrogen production’s carbon footprint, and finding new ways of producing
hydrogen out of water using renewable energy rather than hydrocarbons via
electrolyzers.
Yet attention snowballed rapidly to hydrogen’s potentially enormous
versatility. Three end use areas became obvious targets: power generation,
transportation, and heavy industry, with potential in space heating and other
uses. Hydrogen’s storability makes it an obvious choice for clean power, both on its
own and as a potential substitute for batteries when combined with renewables. An
obvious first step in transportation was incorporating hydrogen fuel cells into new
energy vehicles, whose production of 12-k+ vehicles more than doubled the number
of such vehicles sold in 2018 versus 2017. To a lesser extent, some vehicles are
designed to use hydrogen directly, but the superior economics of hydrogen fuel cells
makes that the more likely path. The direct use of hydrogen in vehicles increased
even if less dramatically rising 20% in 2019, especially in Japan and Germany.
Uses in heavy vehicle such as buses and trucks could turn out to be even more
promising than personal vehicles. Rail transportation in Europe also expanded from
inside Germany to German cross-border transportation into Austria. In heavy
industry such as steel making its use as a zero-carbon source of energy, including
heat, investments are starting to mushroom. By the end of 2018, six countries, five
in Europe and one in Asia, set out targets for hydrogen use. By the end of 2019, the
number grew to 30 countries, including the U.S., Saudi Arabia, and the UAE in the
Middle East.
This past year ushered in a euphoric expansion of hydrogen projects,
overshadowing anything that happened before. Part of this expansion built on
what had been transpiring the two years before, but there is no doubt that the
COVID-19 pandemic and plans to promote new industries and new
employment played a role in a number of gigantic undertakings, with Europe at
the heart of it. As the IEA reported in mid-year, almost 20% of the $54 billion of
stimulus packages announced around the world dedicated to clean-energy
earmarked hydrogen. That does not include Europe’s $500 billion clean energy
plans, nor the $5 billion Neom Future City green hydrogen project (a joint venture of
U.S.-based Air Products, Saudi private power developer Acwa Power and the Neom
state agency), nor the opening of the HYBRIT (Hydrogen Breakthrough Ironmaking
Technology), a pilot hydrogen powered steel plant in Lulea, Sweden.

67
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For those not familiar with this color-

Enhancing attention and excitement was the publicity generated around the
export of the first ever shipment of 'blue' ammonia half way around the planet,
from Saudi Arabia to Japan for use in carbon free electricity generation. That
publicity quite misleadingly made it appear that hydrogen was now a
tradeable commodity, with a world price, ushering in a new era for a new fuel.
There is a long, rocky, winding and precipitous path to tread before that
happens. To be sure, S&P and other price reporting agencies are already reporting
price assessments for hydrogen on a daily basis, coming from global centers of
hydrogen production, largely from SMR — steam methane reforming — largely from
natural gas. These are at and around refining and chemical plants, making
hydrogen to combine with nitrogen to make ammonia, fertilizers and other
chemicals, or used in refining upgrading processes such as hydrocracking,
hydrotreating, and hydrodesulphurization.

coding of hydrogen:
Grey hydrogen (95% of all current
production) comes from carbon emitting
fossil fuels (e.g. natural gas) and is
extremely cheap for now, with some arguing
that if natural gas prices rise significantly it
will be less competitive.
Brown hydrogen is coal-based and was the
source of “town gas,” (today called syngas),
has no use in power gen and is highly
polluting.
Blue hydrogen can meet low carbon
thresholds, and is a fossil fuel product, but
the reduced carbons is a result of CCUS
(carbon capture, utilization and
sequestration) or from nuclear sources.
Green hydrogen has low-to-no carbon
footprint and is produced using renewable
energy sources, with some arguing that
renewable costs will continue to fall.

The path to commoditize hydrogen is clear, given the multiple ways to ship it
from source to end-uses that are not close-at-hand. Whether utilizing existing
pipeline infrastructure or shipping capacity within a half decade we can
envisage hydrogen pricing converging and arbitraging what are clear regional
differences. Hydrogen’s corrosive characteristics will likely limit the amount its
existing pipelines can transport (along with natural gas) before new, more resilient
pipe material is developed. Shipping hydrogen transformed into ammonia is likely to
become a staple of trade long before hydrogen use as a fuel in ships or planes
becomes widespread, given the difficulties of storing it or liquefying it. Japan’s first
commercial liquefied hydrogen ship is proving challenging both because it requires
temperature of -253°C to liquefy hydrogen (vs. -162°C to liquefy natural gas) and
because storage capacity could be less than 1% that of LNG tankers given gas’s
higher energy by volume than hydrogen.
Even so, hydrogen has a long way to go before it becomes a tradeable
commodity let alone an energy source across multiple uses, largely because
it has a long way to go before it can have a meaningful and competitive price.
S&P Global Platts makes this clear every day: There is no semblance of any
uniformity of prices across regions due to different cost structures, high transport
costs and, frankly, lack of liquidity. Indeed, Platts reports prices from North America
(Canada and the U.S.), Japan, the Netherlands and elsewhere. On one reporting
day in October, grey hydrogen prices ranged from $0.21/kg to $0.88/kg in North.
America, €0.76 in the Netherlands, and ¥111.59 in Japan. The price reporting
agency provides, whether twice a day or four times a day, a price for gray hydrogen
alone, but another layer of prices includes capital and operating costs (across the
world). For Europe, yet another layer of prices includes carbon costs, and still
another includes both additional cost factors. The price assessment agency
provides as well prices for blue hydrogen across the world and here too the
numbers get complicated. Blue hydrogen had no quotes in North America or Asia,
but did for Europe, again with CCS alone, and also including capital and operating
costs, including carbon and including both. Blue hydrogen prices and costs are
higher than grey hydrogen. Green hydrogen — originating in water through an
electrolysis process that separates hydrogen from oxygen — has a different cost
structure from grey or blue hydrogen and once again it is higher than blue
hydrogen. Moreover, Platts offers prices for two different electrolyzer processes —
alkaline and proton exchange membrane (PEM).68

68 Alkaline electrolysis has a history of usage in chemicals by which two electrodes, in a
liquid alkaline solution, separated by a diaphragm, facilitates separating hydrogen and
oxygen from water as between the cathode and anode. It was typically economic on a
small scale. What inspired the development of PEM (polymer electrolyte membranes)

© 2021 Citigroup

87

Citi GPS: Global Perspectives & Solutions

88

February 2021

While prices of hydrogen from both electrolytic processes are declining, they
are costlier than SMR (grey) hydrogen as well as blue hydrogen, and will
remain so for a long time to come. The economics of hydrogen projects are a
risk for investors, who are largely making investments based on what they
consider a high probability assumption that electrolyzer costs are likely to fall
at a rate similar to the efficiency gains achieved in installed photovoltaic cells
between 2010 and 2020. That was a global average of more than 15% per year,
falling from $4,700/kw to $900/kw.69 The base case and target is traditional grey
hydrogen, which we estimate at $0.82/kg today. We estimate this grey
hydrogen/SMR cost will stabilize at around $1.00/kg without CCUS and that blue
hydrogen (SMR +CCUS) would stabilize at under $1.35 indefinitely. Carbon pricing
could add to both of those cost structures, but would not be significant.70
Two different sets of factors should bring down the costs of electrolyzer use
in green hydrogen: scaling up and intangible improvements coming from
learning-by-doing, on the one hand; and technology improvements, on the
other hand. However, accurately assessing the weights we should place on
these is difficult. The Hydrogen Council argues that in hydrogen applications other
than in transportation, scaling up (including learning by doing) should be around
90% of the cost reduction.71 The remainder comes from a combination of
technology, scaling up of electrolyzer manufacturing, lower costs of renewable
power generation and lower costs of carbon storage. It estimates that around 70%
of the cost reduction in transportation stems from scaling up of end-use equipment.
Over the next decade, grey hydrogen (natural gas+SMR) and blue hydrogen
(SMR + CCUS) should remain more cost competitive than green hydrogen.
Today, they cost 70~90% less than green hydrogen in the U.S. This is true even
when we add carbon prices. Granted, carbon prices are cheap today at less than
$20/tCO2 in California, and only ~$6 to 7/tCO2 in the RGGI system (Regional
Greenhouse Gas Initiative) in the northeastern part of the US. To see how the cost
of blue hydrogen could change, we gradually raise our carbon price assumptions
over time from a theoretical $20/tCO2 now to $100/tCO2 by 2030, which is the high
price assumption needed to meet the goals of the Paris Agreement, according to
separate studies by the World Bank and IEA. In this context, even with a carbon
price, blue hydrogen could break even with grey hydrogen by 2025 at a carbon
price of $60/tCO2.

were problems in the efficiency of alkaline electrolysis. Both processes can utilize
renewable-based electricity. .
69 We make a number of simplifying assumptions in our analysis. At the start of 2020,
there were actually more than 40 different hydrogen technologies in use. Our discussion
is limited to some 'generic' technologies.
70 We estimate that adding CCUS would generally lift the LCOH (levelized cost of
hydrogen) to $1.50/kg. But carbon prices would have minimal impacts on costs if CCUS
is present, since only 10% of the carbon would still be emitted, given that CCUS could
absorb 90% of carbon; hence the carbon price impact would be only around $0.1/kg.
71 See The Hydrogen Council, Path to Hydrogen Competitiveness – A Cost Perspective
(January 20, 2020)
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However, the cost of green hydrogen should decline rapidly in the coming
years, when economies of scale and other technological advances should
help to shave the capital cost of electrolyzers significantly. It remains an open
question whether green hydrogen will fall to the $1/kg level of gray hydrogen today,
and if so, when. The US National Renewable Energy Laboratory (NREL) estimates
that electrolyzer costs should drop from $900/kW to $400/kW by 2030, and could
even fall to $100/kW in the out years, perhaps by 2050, with substantial R&D
efforts. Lower capital expenditure on electrolyzers, combined with a Levelized Cost
of Energy (LCOE) for utility-scale solar PV at less than $20/MWh, could lower green
hydrogen’s Levelized Cost of Hydrogen (LCOH) to parity with blue hydrogen by
around 2035~2040, if there isn’t a carbon price. This also assumes the costs of
solar PV, as well as other renewable energy, continue to fall. A carbon price would
improve the competitive position of green hydrogen. At $100/tCO2, green hydrogen,
based on PEM technology powered by utility-scale solar PV, could cost less than
grey hydrogen (gas-SMR without CCUS) sometime just after 2030 and be
competitive with blue hydrogen perhaps by 2035. Onshore wind, due to its relatively
more expensive LCOE than solar, could break even with grey hydrogen sometime
closer to 2040.
Figure 67. LCOH With Carbon Prices, Projected to 2050.
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Figure 66. Levelized Cost of Hydrogen (LCOH) Without Carbon Prices,
Projected to 2050
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We have reviewed both the current estimate of the relative costs of hydrogen
today and on a projected basis in Figure 66 and Figure 67, in which we
distinguish these relative costs depending on whether carbon pricing raises
the costs of today’s incredibly inexpensive grey and blue hydrogen
processing as we peer into the future. However, location and multiple uses of
hydrogen produced lead to significant variability depending on access to
renewables (and which renewable energy source) among other factors. For
example, both iron ore and battery minerals mining as well as steel manufacture
can benefit from green hydrogen to the degree mining can benefit from sunny areas
like Northwestern Australia or manufacturing can benefit from windy areas like at
Baltic and North Sea (where hydropower already abounds or all hydrogen uses can
benefit from the combination of solar and wind endowment in places like Chile.)
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Another potential cost reduction factor is the degree to which multiple enduse sectors can take advantage of green hydrogen in integrated projects.
Location and existing infrastructure matter in this respect, and it is here that
the U.S. has natural advantages that can partially make of for a relative lack in
subsidized support in comparison to Europe, China, Japan, and other areas.
In the U.S., for example, the huge grey hydrogen manufacturing sectors, particularly
refining and fertilizers can take advantage of reduced cost of renewable power
generation to target green hydrogen production objectives. In addition to reducing
the carbon footprint of grey hydrogen, the newly sourced green hydrogen has
multiple additional potential uses. Hydrogen can provide storage for backing up
solar and other renewable power in competition with both natural gas and batteries.
Pipeline operators can add hydrogen to their pipeline mix with natural gas, taking
advantage of their existing infrastructure to move it to other end-use locations.
Hydrogen can also provide feedstock for transportation via hydrogen fuel cells
powering trucks, buses, delivery vans and possibly passenger vehicles, as
regulations reduce the use of fossil-fueled transportation.
Financing both blue and green hydrogen looks like it will be challenging. The
EU’s Hydrogen Strategy for a Climate-Neutral Europe, published this past
July, estimates that hydrogen development in the area could cost €320 billion
to €458 billion by 2030. It foresees an explosive growth in electrolyzer capacity
from 60MW to 6GW before mid-decade, reaching 40GW by 2030, with estimated
costs of up to €42 billion. That just scratches the surface, because the green power
required for that might involve up to €340 billion on up for 120GW of incremental
wind and solar power generation. In addition there’s another €11 billion for adding
CCUS to existing grey hydrogen facilities. On top of that is the ambition to create
the initial stages of a hydrogen-driven transportation system rail, (trucks, ships,
maybe cars, and the transportation, storage and fueling facilities that go along with
them, a mere €65 billion. Moreover, these are only part of the capex costs, others
would be borne by individual countries, and they exclude estimates of what actual
demand will turn out to be and how much they might cost.
Here is where the commercial price of green hydrogen versus blue hydrogen
comes into play, because only then will the level of required subsidies
become calculable. While there are many measures of when the costs of
green hydrogen will get to the level of fossil fuel-derived hydrogen with or
without CCS, almost no one believes it will get there by 2030 for blue
hydrogen and for grey hydrogen without CCS some believe it will not happen
until 2050. Moreover, much of the hype around hydrogen omits the likelihood of
significant competition between hydrogen and battery power in at least two critical
areas: storage for power generation and the transportation sector. Elsewhere there
are other obstacles as well, including storage mechanisms and pipelines for
distribution. Even before the EU published its detailed plans for 2050 this summer
and China published the outline of its ambitious plans for 2060 in September and
October, the Hydrogen Council detailed in early 2020 the enormous potential
funding gaps based on its estimates of the changing cost structure of hydrogen in
the future. Looking at global requirements of some 70GW of incremental renewable
power generation it detailed subsidy requirements against alternatives of some $20
billion. It added $6 billion of subsidies for CCS, $30 billion for transport and $17
billion for heating. Generating private finance requires significant coordination
among governments, reasonability regulatory stability, standardization and multiple
tax or other credit incentives.
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Figure 68. LCOH of Blue Hydrogen (without carbon price) vs. Green
Hydrogen via Alkaline Electrolyzer with Dedicated Renewable Power in
Australia

Figure 69. LCOH of Blue Hydrogen (without carbon price) vs. Green
Hydrogen via PEM Electrolyzer with Dedicated Renewable Power in
Australia
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Figure 70. LCOHs of Green Hydrogen via Alkaline Electrolyzer with
Dedicated Renewable Power in Chile

Figure 71. LCOHs of Green Hydrogen via PEM Electrolyzer with
Dedicated Renewable Power in Chile
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Figure 72. LCOH of Blue Hydrogen (without carbon price) vs. Green
Hydrogen via Alkaline Electrolyzer with Dedicated Renewable Power in
Germany
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Figure 73. LCOH of Blue Hydrogen (without carbon price) vs. Green
Hydrogen via PEM Electrolyzer with Dedicated Renewable Power in
Germany
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Figure 74. LCOH of Blue Hydrogen (without carbon price) vs. Green
Hydrogen via Alkaline Electrolyzer with Dedicated Renewable Power in
Netherlands

Figure 75. LCOH of Blue Hydrogen (without carbon price) vs. Green
Hydrogen via PEM Electrolyzer with Dedicated Renewable Power in
Netherlands
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In places with relatively high costs of power generation or places that rely
heavily on imported energy, importing hydrogen from cheaper producing
countries may be a better option. According to estimates from the Chile National
Green Hydrogen Strategy, the total cost of liquefying and shipping the hydrogen
from Chile to Japan is roughly $1.2/kgH2, slightly higher than the $1.0/kgH2 from
Australia to Japan. With that, the LCOHs of imported green hydrogen from Chile
and Australia to Japan by 2030 could reach ~$2.7/kgH2 and ~$3.3/kgH2
respectively, lower than domestically produced green hydrogen.
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Figure 76. LCOH of Imported Hydrogen from Australia vs. Domestically
Produced in Japan (alkaline electrolyzer)
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Figure 77. LCOH of Imported Hydrogen from Australia vs. Domestically
Produced in Japan (PEM electrolyzer)
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Figure 78. Potential Hydrogen Demand in the U.S. by 2050
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9. Sustainable Transportation
Commodities Research
Eric Lee
Francesco Martoccia

Transportation is a major portion of global emissions, representing ~14% of
global GHG emissions, and 23% of total energy-related CO2 emissions (IPCC
2014). Within transportation, road transport accounts for ~72%, aviation ~11%, and
marine ~11%. Both aviation and shipping account for ~2% of global emissions.
Transportation is dominated by petroleum fuels; transportation is the largest
sectoral part of oil demand, representing almost 60% of the total in 2018 (BP 2020).
Of the ~100-m b/d oil market in 2019, pre-COVID-19, gasoline demand (mostly from
passenger vehicles) accounted for ~26-m b/d, diesel/gasoil (trucking, but also as
heating fuel) ~28-m b/d, jet kerosene (mostly for aviation) ~7-8-m b/d, and residual
fuel oil (mostly for marine fuel) ~7-m b/d. While transportation fuel demand has
stabilized in developed markets, largely decoupled from economic growth, it is rising
quickly in emerging markets.
Transportation GHG emissions are particularly hard to abate, as the
technologies still have a long way to go, but investment in significant
enabling infrastructure is required as well, even as vehicle/aircraft/ship fleets
also take a long time to turnover. At the base of it, the high energy density of
incumbent technologies — liquid petroleum fuels — is a high bar to clear for
alternatives, particularly for aviation and shipping, where massive vessels need to
be propelled for thousands of miles at a time without refueling. The main
alternatives look to be electrification and hydrogen for road transport, with hydrogen
in particular for heavy-duty vehicles like trucks and possibly trains, sustainable
biofuels and renewable fuels for aviation, and ammonia for shipping. EVs are
maturing fast as an alternative, but a lot of work still needs to be done on
technologies for sustainable aviation and shipping, where battery electricity is still
far from able to power long-haul journeys. Meanwhile, fleets and infrastructure have
long lifetimes and thus take time to turn over. Passenger road vehicle fleets can
take over ten years to turnover on average. Planes and ships have a long operating
life as well. Further, road vehicles, whether passenger cars or trucks, require long
enough range and sufficient recharging or refueling infrastructure to provide broad
appeal.
COVID-19 has been a shock to business as usual, resulting in a massive drop,
for a time, in driving and trucking in 2020, as well as perhaps a more
permanent shift lower in flying. Together, lower transport demand also lowers
GHG emissions. However, most of this is set to reverse after COVID-19 and as
the global economy recovers. Some changes can last, but overall a recovering
economy would reverse most of the inadvertent drop in emissions due to COVID-19
lockdowns. Potentially permanent changes include lower business travel as more
meetings are conducted virtually, as well as an increase in remote work from home,
resulting in less commuting by car. (These could be partially offset by remote
working populations moving out of cities and into suburbs, as well as any prolonged
avoidance of public transport. And there could be an initial surge in leisure travel by
air due to pent-up demand among parts of the population.) Thus, the majority of
pre-COVID-19 oil demand for transportation is likely to return, and climate policies
and investment would be needed to accelerate the decarbonization of
transportation. But as mentioned, these policies look like they are on the way, to
some extent.

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

Policy is moving quickly and could continue to step up to the challenges
above, with net zero commitments for the power sector and throughout the
economy, as well as emerging targets for the transportation sector, such as
banning internal combustion engine(ICE) vehicle sales by a certain date. Past
road transport policies have been motivated by conservation and energy security
concerns as well as environmental ones on air quality primarily rather than GHG
emissions, and have tended to focus on efficiency of ICE vehicles, such as the
Corporate Average Fuel Economy (CAFE) standards in the U.S., and these trends
are likely to be ongoing for ICE vehicles even as alternative fuel vehicles are
making inroads. Past policies have also focused on renewable fuels, such as the
Renewable Fuel Standard (RFS) in the U.S., which led to corn ethanol being
blended at a 10% level of U.S. finished gasoline. California’s Low Carbon Fuel
Standard (LCFS) has encouraged a falling carbon intensity (CI) of road fuels over
time, in a more technology agnostic way. International efforts on aviation had until
recently converged around improving jet fuel efficiency, and otherwise “carbonneutral growth” from 2020 onwards, while 2050 emissions targets are still being
debated, given that technological pathways to zero emissions fuels have a long way
to go still. Shipping has focused on sulfur and other pollutants, with GHG emissions
as part of longer discussions within the IMO, such as its target since 2018 of at least
halving international maritime emissions by 2050, and continuing to try to reduce
them further. Some transportation emissions are covered by cap-and-trade
systems, like intra-EU aviation in the EU ETS. Now, with economy-wide net zero
targets, governments and companies are shifting to low-emissions or zeroemissions vehicle (ZEV) targets. There are increasing calls for stronger aviation and
shipping emissions targets. In particular, the aviation sector has looked into carbon
offsetting alongside increasing sustainable aviation fuel (SAF) use in the interim.
Developed vs. emerging markets. While key consuming countries are setting
strong targets, others—mostly emerging market countries—may be slower to follow,
and are likely to be the target of global policy efforts to make more ambitious
targets. Without emerging markets on board, the global transportation sector could
take much longer to decarbonize.

Funding and Financing the Transition of the Transportation Sector
The underlying economics of investments will need to be compelling enough
via technological improvement and policy support, including high-enough
carbon prices, but particularly competitiveness vs. prevailing vehicles and fuels.
(See Chapter 5 on carbon pricing.)
For road transportation, governments need to invest directly as well as
facilitate private investment alongside public spending to build out
widespread enabling and refueling infrastructure. Without refueling/recharging
infrastructure, electric vehicles or hydrogen fuel cell vehicles are a no go. With
infrastructure in place and expanding, governments, companies, and households
would need to buy new passenger vehicles and buses and trucks. Local
governments could finance infrastructure and fleet vehicles through municipal
bonds. Companies could issue green or key performance indicator-linked (KPIlinked) bonds to shift vehicle fleets to reduce Scope 1 emissions. Households could
access auto loans for low- or zero-emissions vehicles, which could be pooled via
securitization. This source of capital could help investors meet Scope 3 emissions
targets. Government support for green auto purchases would help on the margin,
whether EV subsidies or “cash for clunkers”-type policies to accelerate fleet
turnover away from less efficient old ICE vehicles to new alternatives.
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Meanwhile, government spending and public-private partnerships would help boost
investment in public transportation. (See Volume II, Chapters 8 and 12 on green
munis, and green securitization.)
Meanwhile, automakers and supporting industries that need to invest in order
to ramp up production of low- or zero-emissions vehicles could increasingly
access green or KPI-linked bonds as well as equity capital via SPAC mergers.
(See Volume II Chapters 9 and 10 for more on sustainable debt and equity
markets.)
Oil refineries and liquid fuel blenders and hydrogen/ammonia producers
could access similar sources of capital for converting to biorefineries and
producing sustainable aviation fuel, and sustainable marine fuels like ammonia.
Climate finance from DMs to EMs in all these areas could be bolstered by
coordination and policy at the international level, including increased and
targeted financing from development banks, export credit agencies, and
multilateral institutions. (For more on the role of multilateral institutions,
development banks, and export credit agencies, see Volume II, Chapter 5.)
Ongoing technological developments in batteries or hydrogen fuel cells for
road vehicles could benefit from SPACs, private equity, venture capital, or for
the most basic research, government funding. This is also true of sustainable
aviation fuels and marine fuels, which require considerable technological
improvement such that performance and costs can meet the incumbent
technologies of petroleum-based jet fuel and marine bunker fuel. (See Volume II.
Chapter 3 for green venture capital from a Citi Impact Investing perspective.)

Sustainable Road Fuels
Road transportation is a major source of global GHG emissions, which is also
growing quickly, particularly in emerging markets as an important component
of improving quality of life. EMs look set to add a massive number of
passenger and freight vehicles to the global vehicle fleet. Nevertheless, in
order to meet climate goals, the global transportation sector needs to be
decarbonized. If the global vehicle fleet is to grow, decarbonizing this fleet requires
dramatic action sooner rather than later, including in EMs. As mentioned earlier, this
is challenging because of the need for enabling infrastructure to precede and
continue to grow alongside, and relatively slow fleet turnover, even as EVs are
increasingly pricing competitively with ICE vehicles. ICE vehicle efficiency is also
rising. Biofuels are already blended into gasoline and diesel, with some cars in the
US and many cars in Brazil running on ~85% or even 100% ethanol. Meanwhile,
with the growing interest in a hydrogen economy (see Chapter 8 on hydrogen),
hydrogen fuel cell vehicles are also a pathway for the road transportation sector in
the future, perhaps particularly for trucking. However, most of the focus on
decarbonizing road vehicles is in electrification, via battery electric vehicles (EVs or
BEVs). (See Chapter 9)
The evolving transportation is also seeing more nuanced trends to keep in
mind. Smaller scale electrification is also taking place in two-wheel electric
vehicles, such as bikes and scooters. The role of shared mobility, ride sharing, and
autonomous vehicles can change transportation patterns, and the electrification of
these fleet vehicles would be crucial. Meanwhile, in a post-COVID-19 world, the
economic damage looks to be slowing down fleet turnover as new purchases are
deferred, with BNEF delaying its latest 2020 forecast of peak oil demand by a year
or two vs. its 2019 forecast.
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Corporate and local government procurement to meet GHG emissions
targets, and consumer preferences also provide some demand pull for EVs
and other ICE vehicle alternatives. Companies are increasingly making
commitments on EV targets; for instance, the Climate Group’s EV100 has seen
some 70 large global businesses commit to 100% EVs in fleets and roll-out of EV
charging by 2030. Logistics companies along with local or national governments,
have increasingly turned to alternative fuels for truck and van fleets, whether
propane or natural gas in recent years, and increasingly EVs, particularly for the last
mile or kilometer of deliveries, which with stop-and-start rather than long-haul travel,
can actually account for an outsized proportion of diesel demand. Local bus and
van fleets could be decarbonized by local or national government decisions. While
airplanes and ships make take longer to decarbonize, auxiliary vehicles at airports
and shipping ports are increasingly being switched to EVs. (See Citi GPS Electric
Vehicle Transition.)
Figure 79. Global EV % Passenger Vehicle Sales by Region, Projections Figure 80. Global Passenger Vehicle Fleet by Drivetrain, Projections
80%
70%
60%
50%
40%
30%
20%
10%
0%
2015

2020

China
Japan
Source: BNEF 2020

2025
Europe
Global

2030
U.S.
RoW

2035

2040
S. Korea
India

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

(bn)

2015

2020

Battery Electric

2025

Plug-in Hybrid

2030
Fuel Cell

2035

2040

Internal Combustion

Source: BNEF 2020

However, projections for EVs as a percentage of vehicle sales, and as a
percentage of the total vehicle fleet, still point to a gradual peak around 2030
and then decline of road transportation oil demand and thus, emissions, over
time. This is factoring in falling battery costs and increasingly competitive EV prices,
modeling consumer purchase decisions and the changing composition of the
vehicle fleet over time. Of course, faster improvements in technology or cost
reductions could bend the curve more quickly, but worsening economic
circumstances, as following COVID-19, could slow fleet turnover and thus the share
of EVs in the fleet. BNEF’s latest projections show global EV sales reaching ~60%
by 2040, with Europe and China at ~60-70%, while India and the rest of the world
are at 30-50%. In this case, the global ICE fleet is still two-thirds of the global fleet
by 2040.
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Figure 82. In a stylized fleet turnover model,
100% global AFV sales by ~2040…
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Figure 83. In a stylized fleet turnover model,
100% global AFV sales by ~2030…
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Figure 81. In a stylized fleet turnover model,
100% global alternative fuel vehicles (AFV)
sales by ~2050…
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Figure 84. …could still mean 40% ICE vehicles
in the global fleet by 2050 (millions)

Figure 85. …could still mean ~25% ICE vehicles Figure 86. …could still mean ~20% ICE vehicles
in the global fleet by 2050 (millions)
in the global fleet by 2050 (millions)
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One major obstacle could be found in emerging market countries, particularly
in Africa, with the world’s largest demographic changes ahead. Africa is home
to the largest cohort of population under 18 among all continents. This means that
for the next 18 years the largest increase in energy-intensive populations of 18-36
years of age will be in Africa. That continent also has the lowest level of grid
electricity transmission, accounting for some 4% of the world’s power generation,
according to the BP Statistical Review of World Energy. Some 60% of power
generation is found in two countries — Egypt and South Africa. This poses a major
obstacle to any significant penetration of EV’s certainly over the next decade if not
much longer, with significant increase in ICE-propelled engines. What is true of
Africa as a whole is also found in other emerging market countries on other
continents.
Thus, major changes to this picture would only come about from sharper
policy shifts, which could yet be possible, and perhaps considered necessary,
to better align with climate goals. If annual sales move sooner toward 100%
alternative fuel vehicle (AFV) sales, by say, 2040, or even 2030, this can still mean
significant proportions of ICE vehicles will remain in the fleet by 2040-50, depending
on fleet turnover dynamics (see above). All of this points to stronger policy
interventions if global decarbonization targets are to be met. Some countries (and
companies) have announced ICE vehicle sales phase-outs by a certain year:
Norway has announced plans for 2025; a number of other European countries, and
Israel, have announced targets of 2030, with Canada, France, and Singapore
announcing a 2040 target. However, all targets still need to be implemented in
legislation or regulation. These would need to be supported by EV recharging (and
perhaps hydrogen refueling) infrastructure investments.
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All in all, this could indeed lead to higher costs passed through to consumers, and
potential political pushback. Nevertheless, accelerating the decarbonization of road
transportation could require this given the gradual fleet turnover dynamics.
Meanwhile, uptake of EVs and other alternative fuel vehicles could be slow in India
and across EMs. Faster uptake in EMs would be meaningful for global
decarbonization of this sector, and would require international negotiations,
coordination, and facilitation of investment flows. Meanwhile, fast ramping-up of EV
sales requires sufficient manufacturing capacity and materials, which could present
short-term constraints and inflationary pressures,
Carbon prices alone might not help accelerate a faster transition, given very
high prices might be needed in order to create a large enough opportunity for
investment in infrastructure and fast fleet turnover; as one facilitative factor
along with a suite of other supportive policies, it helps. For instance, in
California, the LCFS is supportive of a move to lower- and zero-emissions vehicles,
alongside infrastructure investment and renewables build-out with a Renewable
Portfolio Standard, and energy efficiency goals. Elsewhere in the U.S. the
Transportation Climate Initiative (TCI) of 13 East Coast states is a proposed capand-invest program to reduce GHG emissions from the road transportation sector,
potentially starting as soon as 2022, and could complement RGGI (the ETS which
covers the power sector), ZEV sales mandates, and programs to provide rebates or
subsidies to EV purchases.
Faster EV uptake has knock-on impacts in other sectors, which could present
constraints, and the GHG and environmental footprint in those sectors need
to be carefully evaluated too, for ESG-conscious investors and companies.
EVs require power, which would also need to be generated in a low- or net-zeroemissions way, pointing to faster renewables growth than currently projected.
Meanwhile, a large fleet of EVs would mean both opportunities and challenges to
the electricity grid, becoming a part of a more flexible, smart grid, along with the
growth of distributed batteries and rooftop solar at buildings and homes. EVs also
mean demand for metals, particularly for batteries. And the shift to EVs has an
impact on tax revenues too. Gasoline taxes have been an important source of funds
for infrastructure, but a shift to EVs would mean less and less gasoline use. In the
short-term, some states in the U.S. have implemented EV fees, while there have
been proposals to move to vehicle-miles traveled or electricity taxes to make up for
the shortfall.

Sustainable Aviation Fuels
In the post-pandemic recovery, ESG investors can be pioneers of a long
needed environmental shift.
Among the different sectors impacted by the COVID pandemic, aviation has
probably received the worst shock of all, with the total number of flights
cratering ~70% below 2019 levels at the midst of the pandemic and still ~50%
lower ten months through the virus outbreak, according to data from Flight
Radar. The COVID-19 pandemic represents a sharp turning point for aviation. The
industry is unlikely to fully recover anytime soon as the pandemic affected several
areas that point to a sharp step-level decline in activity, even in a post-pandemic
economy. Business travel could be permanently impaired by telecommuting and
leisure travel patterns are likely to be damped for some years to come.
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New consumer trends, like the anti-flying movement known as “flygskam”, could see
stronger momentum in the pursuit of a sustainable recovery after the pandemic.
Domestic flights emit 133g of CO2 per passenger kilometer, three times the carbon
emissions of a train. In this regard, short-haul flights could face increasing
competition from high-speed rail, particularly if governments promote these kinds of
infrastructure investments, which are highly GDP-intensive.
Overall, the aviation industry is responsible for nearly 1GtCO2 emissions per
year, or ~3% of the total CO2 emissions from fossil fuel combustion. Despite all
the progress made on carbon efficiency, the industry is still not on track to meet its
obligation under the Paris Agreement. Over the past two decades, air passenger
activity grew at 5% per year, outpacing CO2 emissions growth at 2% per year.
Commercial aviation reached this target through operational and technical
improvements, including adoption of more efficient planes. Overall, the energy
intensity of commercial passenger aviation improved by 2.8% per year but these
gains have slowed over time. The aviation sector has also been forced to retire
aircraft with inefficient engines and maximize use of more efficient aircraft, further
propelling efficiency gains. Yet, even if COVID-19 might have put the aviation
industry on a lower growth path, planned expansions, with China and India
expecting to double their airport capacity in the next decade, would make it difficult
for the industry to meet climate change goals and therefore necessitate innovative
breakthroughs to further reduce its carbon footprint.
One key pathway for significant carbon emissions reduction is represented
by SAFs. The debate around the energy transition could therefore offer new
opportunities for green financing to enter the developing market of
sustainable aviation fuels and “build back better” the global airline system. A
sustainable aviation fuel or 'SAF' indicates any kind of fuel for aviation, which is
sourced from an alternative feedstock to crude oil. This classification is not limited to
plant-based fuels derived from oil crops such as jatropha, camelina, and algae, or
from biomasses such as food waste, but also includes fuels from chemical
synthesis. Currently, five different biofuels are approved for blending, but only one is
commercially ready, the HEFA-SPK. Overall, supply of SAFs is estimated to be
around 15 million liters annually (~260 b/d), but the International Air Transport
Association (IATA) tracks some 1.70 billion liters (~29-k b/d) of capacity under
construction and a further 1.35 billion litres (~23-k b/d) under advanced planning.
IATA see the market for SAFs reaching 7 billion liters annually (~160-k b/d) by 2025.
According to the IATA, the minimum amount of SAFs needed to cut airline carbon
emissions in half by 2050 would be no less than 30 billion liters (520-k b/d) by 2050
with the blue-sky scenario pegged around 175 billion liters (3-m b/d). Other
alternatives include some development of short-haul electric flight over time, as well
as hydrogen, though energy density remains an issue. High-speed rail could
substitute for shorter, over-land flights. Airships could be another blue sky prospect.
Although these estimates did not incorporate the impact of COVID-19 on the
global aviation industry and the expected lower demand growth for jet fuels, a
considerable government push, particularly in the case of a concerted global
effort in tackling climate change, should still support the use of SAFs.
Following COVID-19-induced financial distress, several European governments
have injected fresh capital into their national champions, but they also warned that
this support is contingent on environmental conditions, including CO2-cutting plans.
SAFs are in the sweet spot to achieve this, given the physics of flight limits the
potential for electric engine adoption. In the U.K. for instance, the government set
up a Future Fuels for Flight and Freight competition plan, which provides up to £20
million in capital grant funding over three years (2019-21) to support the realization
of sustainable refineries.
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The lower carbon footprint should therefore encourage a progressive
adoption of SAFs as their emissions are 80% lower than standard jet fuel.
However, higher cost differentials between SAFs and standard jet fuels must be
abated. Passing higher fuel premia onto consumers could be detrimental given the
high elasticity of demand. The IEA estimates this could cost $10 billion investments
to the global refining industry or could be met by 20 new grassroots plants. The
logistics would not be a problem, given the centralized nature of the jet fuel market,
while governments worldwide could incentivize the adoption of SAFs either through
subsidies or higher carbon pricing for standard aviation fuels, as we have seen in
the case of the U.K. On the private investor side, entering this market through
investments in the downstream business could offer attractive risk-reward
opportunities given the current depressed valuation of stranded refinery assets,
especially in Europe, where the momentum for decarbonization is currently
strongest.

Sustainable Shipping
International shipping remains another large source of GHG emissions.
Despite the setback from trade frictions between the U.S. and its peers over
the past years, the carbon impact of the industry is still growing. While the
lowest emitting form of freight transportation by tCO2 per kilometer, international
shipping is responsible for about 0.94Gt of CO2 emissions annually, representing
about 2.5% of global greenhouse gas emissions. International shipping is
considered the most energy-efficient mode of transport, carrying about 80% of the
global trade by volume and 70% of global trade by value. Yet, under a business-asusual scenario developed by the International Maritime Organization (IMO), GHG
emissions from shipping are expected to increase by 50-250% by 2050, making up
between 10- 17% of the global total. This trend would definitely undermine the
overarching goals of the Paris Agreement, though international shipping was not
officially included in it. Furthermore, unlike aviation, which has undertaken several
environmental reviews and is taking steps on a global carbon initiative (CORSIA),
maritime transportation has reacted more slowly, given the high degree of
geographical fragmentation and the opacity of certain trade routes.
Pressure from international organizations prompted IMO to draft a preliminary
strategy to tackle international shipping emissions. In 2018, IMO laid out a plan
to cut carbon emissions from international shipping by at least 40% by 2030,
pursuing efforts towards 70% by 2050, compared to 2008 levels, with carbon
intensity reduced 40% by 2030. This strategy envisages a mix of logistical,
operational and technological solutions applicable to ships. The initial strategy is in
line with Japan’s Energy Efficiency Existing Ship Index (EEXI), which imposes
energy efficiency targets on existing vessels and bulkers based on their type and
size, for instance in terms of CO2e per nautical mile or CO2e per mass or
passengers per nautical mile.
However, the timeline and execution of this plan may not put the industry on
track with the Paris Agreement target. Most of the solutions proposed to achieve
short-term gains such as slow steaming, weather routing, contra-rotating propellers
and propulsion efficiency devices, are already in use to deliver more fuel costs
savings rather than being widely available for environmental improvements.
According to several climate change studies, IMO’s current measures would only
have a marginal incremental contribution, reducing existing fleet emissions by just
0.8-1.6% by 2030.
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Furthermore, more stringent measures are on a voluntary basis and will not be
mandatory until 2030, too late to have a tangible impact on the environmental
footprint of the industry. For instance, according to the IMO, the largest contribution
to emissions reduction would be alternative fuels without carbon, providing as much
as 64% of carbon abatement potential by 2050.
There are numerous eco-friendly shipping fuels. Some of these options have
already been largely employed by ship-owners and charterers, while some others
require regulatory support by subsidies or very high carbon prices to penetrate the
bunker fuel market. GHG emissions are usually measured as CO2e but the
environmental footprint of different bunker fuels varies depending on the particular
pollutant observed. The type of fuel burnt has a direct impact on the vessel’s
emissions, including CO2, nitrogen oxide (NOx), and sulfur oxide (SOx). On several
occasions, the international shipping industry has addressed the issue of the sulfur
content in its bunker fuels, overshadowing carbon. For instance, the most recent
regulation, IMO 2020, required all vessels with no sulfur scrubbers to switch from
3.5% high-sulfur fuel oil (HSFO) to 0.5% very low-sulfur fuel oil (VLSFO), yet has
been criticized as new studies founded that hybrid VLSFO has higher black carbon
content, which is dangerous for arctic glaciers. Other alternative low-sulfur fuels
employed today within the industry are liquefied natural gas (LNG), biodiesel, and
methanol, liquefied petroleum gas (LPG), dimethyl ether (DME), biogas, synthetic
fuels, hydrogen, ammonia, and nuclear. All these fuels are almost or entirely sulfur
free: LNG produces the lowest CO2 emissions of the liquid fuels, but methane
leakages can offset the benefits of lower sulfur and carbon emissions, given that
methane is an even more potent greenhouse gas than CO2 Yet there are promising
ways to reduce the methane release from LNG boil-off. Grey hydrogen has a higher
carbon footprint than HSFO or marine gasoil, but green hydrogen is virtually carbonfree. (See Chapter 8 on hydrogen.) However, because of its very low energy
density, hydrogen storage volume is large, impeding large commercial application
for long-haul voyages. Nevertheless, ammonia, as part of an emerging hydrogen
economy, remains a promising alternative for shipping, whether green or blue
production methods.
Among new technologies, pioneering solutions include EV systems, fuel cell
systems, and wind-assisted propulsion. New technologies are under
development, but it will take time to see established commercial applications given
their extremely high marginal abatement costs. Among these, battery systems and
wind-assisted propulsion have the best chances for commercial applications. The
global electric ships market is a relatively small segment at around $5.2 billion in
2020, but it is estimated to triple in the next decade. Meanwhile, ports are expected
to electrify further, providing power from shore for ships while in port, as well as
procuring EV fleets for port logistics and auxiliary vehicles.
The relatively slow progress in the IMO self-imposed regulation has triggered
EU institutions to take action autonomously, expanding the scope of the
block’s carbon pricing system to include the shipping industry. Following a
resolution of the Committee on the Environment, Public Health and Food Safety
(ENVI), the EU Parliament adopted a proposal to fast-track the inclusion of the
shipping industry within the EU Emission Trading Scheme (ETS) from as early as
2022. Details are yet to emerge, but we know shipping emissions in the European
Economic Area were 138Mt in 2018 (see EU report on maritime emissions).
However only 32% were intra-EEA and the Commission still needs to assess the
impact of IMO2020 and lower international trade activity on it, therefore the impact
from the shipping sector only could be low in driving carbon prices higher to a level
that actually incentivize marginal cost abatement.
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However, the EU initiative is already facing tough opposition from the local
shipping industry, worried about the risk of overlapping regulations at EU and
international levels as well as being a burden for investments. Indeed, the
international nature of the shipping industry makes it impossible to calculate with
accuracy how many times a vessel will laden or discharge at European ports during
its lifetime, making it impossible to calculate the payback period of investments in in
carbon-reducing technology. The consequence is that a coercive measure like an
ETS could not spur technological breakthroughs and may just end up being a tax on
ship-owners and ultimately consumers.

Oil Refining and Sustainable Fuels
The energy transition is challenging the global oil industry worldwide and every
segment of the petroleum supply chain is facing increasing pressure to address its
environmental impact. The refining business makes no exception in a world where
institutional investors put ESG criteria under scrutiny and the cost of capital of less
sustainable investing is rising. Other than decarbonizing refinery operations
themselves, companies are looking at ways of shifting product slates to meet
growing demand for sustainable fuels.
Without a productivity breakthrough in 3rd generation renewable feedstock
like algae, even the prospects for a 'clean' transportation biofuel such as
biodiesel could be challenging. Feedstock availability will be limited by land use
and competition with the food chain, as well as more stringent carbon policies that
look at the entire GHG lifecycle of agriculture inputs. This is already evident in the
U.S., between conventional and advanced biofuels and federal versus state
policies. First generation biofuels including corn-ethanol have the largest footprint,
comprising ~10% of the nationwide gasoline pool and the largest component of the
federal Renewable Fuels Standard mandate. But California and the broader PADD
V low carbon fuel programs do not favor corn feedstock given its higher carbon
intensity versus biomass-based renewable fuels, with the largest U.S. state also
placing a stronger emphasis on ZEV (zero emissions vehicle) growth. Even at the
federal level, despite strong political promotion of corn-ethanol across the Midwest
farm-belt, mandates generally cap blending requirements at 10-11% despite the
legal ability for ethanol to go to 15%. While there is still significant room for
conventional ethanol to penetrate fuel markets in Asia and Europe, even as China
has walked back their E10 (ethanol) targets, in the longer term, biofuels will also
compete with EVs and potentially green-hydrogen. We see the policy push
eventually shifting away from conventional/ethanol growth into other biofuels and
other alternative fuels.
Renewable diesel is one area of potential compromise with traditional refinery
planning and legacy assets, especially as it is easier to introduce into the fuel
system versus conventional biofuels that are blended. From a capacity
standpoint, Citi expects the market to grow 4x from 2020 levels by 2025, reaching
over 24MT/yr. Notably, both merchant refiners and international oil companies are
looking to expand market positions in these areas and indeed the next five years for
renewable diesel could be a harbinger of growth of biofuels akin to the 2005-2010
era for ethanol, given the progression of blending mandates (parts of US, Europe)
and emission reduction targets. Feedstock availability and sourcing remains a
challenge for the industry.
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It is therefore evident that facing capacity saturation and stakeholders’
demand for a more sustainable business, some refineries began to reshape
their models around biofuels both in the U.S. and Europe. Some of the refining
capacity which has been kept off market due to poor economics, might be
reconverted into biofuel plants in the future. The push toward a sustainable
downstream model is particularly strong in Europe, where the Renewable Energy
Directive (RED II) raised the overall EU target for renewable energy sources
consumption by 2030 to 32%, specifying that member states must require fuel
suppliers to supply a minimum of 14% of the energy consumed in road and rail
through renewables sources. The directive also sets a share of this to be sourced
for 0.2 % in 2022, 1% in 2025 and 3.5 % in 2030 from advanced bio-feedstock,
such as algae, biomasses and cooking oil.
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10. The Metals Century
As the world prepares for a sustainable future through energy transition,
responsible sourcing of metals has become more important than ever. On the
one hand, metals are key materials for electrification and renewable buildout, with
high-purity primary metals needed for power transmission, distribution and storage.
On the other hand, primary metals production is itself energy-intensive and currently
a major source of carbon emissions. The aluminum and steel industries are
responsible for 4% and 5% of global greenhouse gas emissions, respectively.
Based on existing energy sources, processing techniques and usage intensity
ratios, producing the metal required to sustain the energy transition would contribute
12Bt of carbon to 2040, as per estimates by Woodmac.

Commodities Research
Tracy Liao
Max Layton

This section examines the technology, financing and policy environment
needed for decarbonizing the primary and secondary metal industry. We also
analyze the various building blocks of green metal pricing, taking the aluminum
industry as an example, where “green physical premiums” may emerge the soonest
across all metals.

Primary Metals
The world’s Scope 1 and 2 emissions from metals production have more than
doubled over the past two decades alongside rapid capacity expansions.
Leading metal and steel producers have started exploring low-carbon and even
zero-carbon routes for primary metal production, some of which are costly and may
require years of trials before large-scale commercial application.
Figure 87. Scope 1 and 2 emissions from steel production (actual and
projected through 2050)
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Figure 88. Scope 1 and 2 emissions from aluminum production (actual
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Under the current technology setup, zero-carbon steel production requires a
30-80% operating cost increase, according to ArcelorMittal. The company lays
out two sustainable options: the “smart carbon” route, which aims to replace coal
with renewables and recycled carbon, and the “innovative DRI” route, which
produces direct reduced iron via 100% hydrogen. Both paths imply a significant
increase in capex and operating costs (Figure 89).
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Figure 89. ArcelorMittal’s Estimated Costs of Sustainable Steelmaking
Investment Needed
ArcelorMittal Europe
Clean energy
steel footprint
infrastructure
Smart Carbon
€15-€25 billion
€15-€165 billion
Innovative DRI
€30-€40 billion
€40-€200 billion
Source: Company reports, Citi Research

Production Cost Increase
+30-60%
+50-80%

In addition to upgrading furnaces and electrolyzers, the bulks of the costs are
for setting up clean energy infrastructure. This requires either the buildout of
captive renewable power plants based on the current land and resource
configuration, or a set of new grid lines and substations for connecting plants to a
green regional power system, which should face its own challenge of a spike in
power demand from metal producers. For Europe itself, decarbonizing steel
production could increase overall electricity consumption by 15% according to Citi’s
European metals and mining analysts.
For the aluminum industry, over 60% of carbon emissions are associated with
power consumption. Hence, green power sources are critical for decarbonizing
the industry. Apart from a comprehensive shift of regional power mix into
predominantly renewables, the only two non-fossil-fuel options for captive power
plants are hydro and nuclear.
Hydropower-based aluminum currently accounts for 22% of global primary
aluminum production. The major western producers appear roughly equally well
positioned for a green aluminum world with 60-70% of smelter production operating
at the bottom of the carbon curve (<4 tons of CO2 per ton of aluminum). Alcoa and
Rio Tinto’s ELYSIS technology further replaces carbon anodes with inert anodes,
which emit oxygen versus CO2. This would eliminate substantially all of the CO2
footprint of smelting. The technology is targeting commercialization in 2024 and it
will be possible to retrofit existing smelters.
China accounts for 80% of the world’s coal-power-based smelting capacity.
Decarbonizing these smelters would require a broad-based shift in the
Chinese power mix away from coal. Following President Xi’s commitment for
China to be carbon neutral by 2060, the State Grid chairman expects China’s grid
and related investment to surge to RMB6 trillion ($930 billion) during 2021-25 in
order for the country to stay on track of its decarbonization path. Without a
comprehensive power transition in China, aluminum smelters could also co-locate
with nuclear power plants, though key bottlenecks are elevated capex and social
controversy in scaling up nuclear power.
A realistic challenge in financing the green transition of the primary metal
industry is who pays for each part of the transition process. Particularly, the
costs of building clean energy infrastructure fall under metal producers, grid
companies and utilities, and they need to work out the cost split. The good news is
that many governments are providing direct payment and subsidies. For example,
the EU Green Fund encourages capital expenditure for decarbonization, where
companies’ spend is directly linked to the schemes could receive 70-80% support
from government funding. In China, governments’ fiscal expense on power
infrastructure serves as seed capital for loans and other project finance
arrangements.
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Costs of capital for green metal producers and projects will likely fall over
time, as the financial market increasingly values environmental compliance.
Citi’s recent Natural Resources Conference saw a major focus on ESG among
equity investors. For companies listed in Australia and Europe, ESG labels appear
to be more critical to equity valuations than anything else. Investors and companies
nevertheless expressed frustration with an ever-changing set of ESG parameters –
with emissions, energy transition and heritage/local community relations being the
current hot topics.

Secondary Metals
The appeal of metals in a greener world also stems from their greater
recyclability. For example, an average aluminum can is comprised of 70% recycled
content compared to polyethylene terephthalate (PET) at 3%, and glass at 23%.
Recycling metals typically generates less greenhouse gas emissions than
producing primary metals (up to 95% reduction in the case of aluminum) and costs
less in many circumstances. Yet a series of technical and supply chain bottlenecks
are preventing wider use of secondary metals.
 Secondary metals fail to substitute primary metals under many

circumstances given technical challenges in separating other elements
from scrap materials. In particular, producing secondary aluminum from postconsumption scrap is capex-intensive. Therefore, over the past 20 years, old
aluminum scrap use only spiked post-2008 when average aluminum prices rose
to $2,600/t. Currently, most of the world’s investment in secondary aluminum
takes place in China, where scrap’s share of the semis market is below the world
average and the government aims to cap the energy-intensive primary aluminum
capacity. Secondary aluminum also fails to substitute for primary metal in areas
including power transmission, industrial activities and certain parts of the auto
sector.
 Supply chain security and price risk management are key challenges for

metal recycling. Partly as a result of these challenges, post-consumption copper
scrap supply has been volatile and highly dependent on copper price levels. A
fragmented scrap supply chain has also capped China’s steel recycling activity
despite an expected increase in scrap resources. We have seen a range of
policy reactions, most notably in advanced economies, to encourage scrap
recycling via product takeback subsidies, landfill taxes and bans and public
provision of scrap collection. We anticipate more policy support for scrap quality
standardization and supply chain financing at recyclers and scrap processors.
 Post-consumption scrap disassembling and processing activity could also

generate air, water and soil pollution. China has suffered from such pollution
as the world’s largest metal scrap importer and processor for years, until the
government started banning imports of “western waste” in 2017. The scrap
processing supply chain has subsequently moved from China to Southeast Asia.

Financing Green Metal Production: A Joint Effort between Policies
and Markets
We anticipate government policies and market dynamics to jointly drive the
financing of a greener metals industry, with a carbon tax and credit system
facilitating resource redistribution between high-carbon and low-carbon
producers. In particular, we expect “green physical premiums” to emerge when
demand for green units outweighs supply, partly a result of regulatory changes, endcustomers’ pursuit for sustainably sourced materials, and financial markets’ ESG
preference.
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On the policy side, the EU ETS started in 2005 and it has been covering metal
production in recent years. In addition to direct carbon credit purchases, metal
producers are also affected through the rise in their electricity costs, as carbon
emission costs applied to power producers are passed on to consumers in many
instances. The upcoming revision of the EU ETS for Phase 4 (2021-2030) should
see an increase in the pace of emissions cuts, with the overall number of emission
allowances declining at an annual rate of 2.2% from 2021 onwards, compared to
1.74% currently, allowing carbon prices to stay elevated after a surge earlier in the
year.
EU’s proposed carbon-border adjustment mechanism (CBAM) targets the
reduction of the risk of carbon leakage by putting a carbon price on imports
of certain goods from outside the EU. We expect CBAM to be a key driving
force behind the emergence of “green premiums.” Bloomberg reports that
CBAM could take effect as early as 2023, partly as the EU needs to increase tax
revenue to fund the pandemic recovery program.
The aluminum industry has led the metals green transition, with end-use
sectors such as packaging and automotive increasingly seeking to lower their
own carbon footprints. Nowadays the closer an industry is to its end-use
consumers, typically the more sensitive it is to low-carbon raw materials. The trend
has grown particularly in Europe where consumers consciously look to source lowcarbon aluminum, though they are not yet ready to pay a premium for it.
A number of aluminum producers are on the move to capture the long-term
benefit of producing “low-carbon production”, which is currently defined by
the Aluminum Stewardship Initiative (ASI) as per ton emissions of 8 tons CO2
or less, though the standards may evolve over time. Some are even marching
towards zero carbon targets via new carbon anode technology. In 2018, Alcoa, Rio
Tinto, Apple, and the Canadian Government announced a joint venture called Elysis
to commercialize the inert anode technology by 2024.
Producers’ and traders’ behavior may increasingly be re-shaped by the
financial industry. Investors’ ESG mandates are increasingly benefiting listed lowcarbon smelters through higher equity valuations. Western banks may, over time,
become more constrained in financing high-carbon materials. Trading houses,
which are running the bulk of cash-and-carry deals are conscious that high-carbon
products may trade at a discount to their low-carbon peers when these deals are
unwound in one to two years. Exchanges are also re-acting with the London Metals
Exchange (LME), looking to launch a physical trading platform that consumers can
use to source low-carbon aluminum.
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Figure 90. Share of China and ex-China Smelter Capacity by Type of
Power Source, 2019
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Figure 91. Aluminum Smelters’ CO2 Emissions (including electrolysis
and power generation processes), 2019
CO₂ tonne per tonne aluminum
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Despite these positive developments, we have not seen a market-based lowcarbon aluminum pricing regime just yet, because existing green aluminum
consumers (mostly in Europe and the U.S.) are well supplied with products
within the region. The situation will likely change with the carbon border
adjustment mechanism (CBAM) facilitating higher demand for low-carbon aluminum
in Europe, and potentially in the U.S.
Exchanges are onboard to help industrial players manage price risks into the
green transition. The LME intends to leverage “LME passport” — a digital register
that will record electronic Certificates of Analysis (CoAs) and other value-add
information — to store carbon-related metrics for specific batches of aluminum, on a
voluntary basis. The LME also plans to launch a new spot trading platform to
provide price discovery and trading of sustainably sourced metal – once again
starting with low carbon aluminum. Finally, the bourse intends to start a new
aluminum scrap contract to service the North American used beverage can (UBC)
industry, as well as adding two new regional steel scrap contracts.
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11. Sustainable Agriculture
Agriculture’s Footprint in Greenhouse Gas Emissions
Commodities Research
Aakash Doshi
April Wang

Agriculture’s footprint in greenhouse gas emission is significant. According to
the most recent available data from Food and Agriculture Organization of the United
Nations (FAO), in 2017, Agriculture accounts for ~20% of world CO2 equivalent
(CO2e) emissions from all human activity, including ~11% of direct contribution from
crop and livestock cultivation, and an additional ~9% from related land use.
Agriculture is integral to achieving UN’s Sustainable Development Goals (SDGs).
The sector is both a big contributor to total GHGs and also extremely sensitive to
climate change. Volatile temperature cycles, extreme precipitation conditions, and
water availability can all threaten agriculture production.

Figure 92. Greenhouse Gas Emissions Share by Sector (AR4), 2017*
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Figure 93. Greenhouse Gas Emissions Share of Agriculture and Related
Land Use (AR4), 2017*
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Over time, the agriculture share in CO2e emissions decreased from 29% in the
1990s driven by sustainable agricultural usage of land and an increasing
contribution of pollution from the energy sector. Despite decreased emissions
from agriculture land use (from 6.9 GtCO2e in 1990 to 5.0 GtCO2e in 2017), higher
emission levels materialized for crop and livestock sectors (from 5.2 GtCO2e in
1990 to 6.2 GtCO2e in 2017). Agriculture also emits the largest share of non- CO2
greenhouse gases, accounting for 42% of total methane (CH4) and 75% of total
nitrous oxide (N2O) emissions in 201774.
Livestock supply chains alone are estimated to account for 7.1 GtCO2e per
year of global GHG emissions, representing more than 14% of all humaninduced emissions75. Life cycle assessment (LCA) is often used to quantify
impacts on the environment during the entire life cycle of agriculture products. LCA
studies conducted on pig, chicken, and ruminant supply chains found that they
account for 0.7, 0.6, and 5.7GtCO2e per year of global GHG emissions respectively.

72

FAOSTAT: http://www.fao.org/faostat/en/#data/EM/metadata, AR4 is the IPCC Fourth
Assessment Report
73 OECD: https://www.oecd.org/env/cc/listofannexicountries.htm
74 FAO: http://www.fao.org/economic/ess/environment/data/emission-shares/en/
75 FAO: http://www.fao.org/3/a-i3437e.pdf
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Figure 94. Simplified LCA Phases for Agricultures, Cradle-to-Gate (grey arrow) and Cradle-toGrave (black arrow)
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Demand Side Challenges and Potential Solutions
The world population is expected to reach 10 billion by 2050. The global
convergence toward Western-style diets makes it harder for the agriculture
sector to address the demand for 50% more food while reducing emissions to
stay in the allowable SDG targets. Shift from heavy meat consumption (especially
reducing ruminant meat) to heathier and more sustainable diets is one of the
solutions that can help reduce growth in demand. Analysis by the World Resources
Institute (WRI) suggests that reducing ruminant meat consumption of the world’s
largest consumers such as the United States and Brazil by 40% from 2010 levels
can effectively help achieve land and GHG emissions targets.
Figure 95. Food Lost and Waste Percentage Measured by the Food Loss Index, 2016
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ATTRA: https://www.e-education.psu.edu/geog3/sites/www.eeducation.psu.edu.geog3/files/Mod10/life_cycle_assessment.pdf
77 FAO: http://www.fao.org/sustainable-development-goals/indicators/12.3.1/en/
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Globally, the Food and Agriculture Organization (FAO) estimates 14% of food
is lost between harvest and distribution suggesting a highly inefficient use of
natural resources. Reduction of food loss and waste (FLW) is another solution
that can offset the potential increase in demand. The distribution of FLW is
disparate between developed and developing countries. More than half of the FLW
in developed countries occurs at the consumption phase while two-thirds of FLW in
developing countries occurs at farm production and storage. Reduction in FLW
globally requires a combined effort of all farmers, processors, retailers, and
consumers. More specifically, FLW in consumption can be targeted through
highlighting economic savings through labeling and public relations efforts. FLW
closer to the farm can be reduced through technical and management support.78

Sustainable Finance in Agriculture
To provide food security for a growing population while also achieving the UN
SDGs targets, financing the transformation to more resilient and low-carbon
global food systems would require significant investments in sustainable
agriculture. FAO estimates that at least $80 billion investment in agriculture
annually will be needed to achieve these goals.79 Sustainable agriculture
investments span a wide range, with different instruments responding to different
needs. Both the public and private sector are involved, These instruments include
government subsidies and tariffs; programs launched with money from NGOS and
becoming self-sustaining over time; public/private partnerships (PPP); cooperative
marketing and certification schemes; and more recent innovative financial tools
such as micro-insurance premium sharing and activities among non-profits.

Loans
Loans are a dominant financial tool for sustainable agriculture, ranging from
material World Bank investments in large-scale projects to programs that
offer small loans to individuals, though loan terms and balancing
borrower/lender objectives, alongside sustainability or climate goals, can be
challenging. Borrowers in developing economies often have no collateral to offer
lenders. Hence, local private sector investors are often unwilling and unable to
extend loans for agriculture production. In response, support or financial guarantees
from the public sector and/or NGOs may step-in to help. Risk pooling through local
cooperative and value chain finance has been used effectively to mitigate or
diversify the risks.
The latest issue of The State of Agriculture Commodity Markets (SOCO 2020)
highlights the importance of the global agri-food value chains, estimating that
about one-third of global agricultural and food exports are traded through a
global value chain. In value-chain finance, the focus of financing is on the entire
value chain, rather than a simple credit risk assessment of the borrower.
Participants receive both financial and technical benefits internally within the chain
and from a wider range of external sources. Value-chains promote sustainable
development by potentially making it easier for developing countries to integrate into
global markets. In the short term, a 10% increase in agriculture’s global value chain
participation can lead to 1.2% increase in labor productivity.

78

WRI: https://research.wri.org/sites/default/files/2019-07/WRR_Food_Full_Report_0.pdf
World Bank: https://www.worldbank.org/en/topic/financialsector/brief/agriculturefinance
79

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

113

To enable more smallholder farmers’ participation in the value chain, the report
points out the need for broader policies to create an environment with better rural
infrastructure and services. More inclusive and innovative business models, such as
contract farming and the use of blockchain technology, can also encourage farmer’s
participation in the markets80.
A very different kind of “loan” that has been developed in sustainable
agriculture finance is Community Supported Agriculture (CSA). In a CSA
market, farmers and end consumers interact directly without an intermediary,
providing consumers with more “green” food products while educating the public
about sustainable agricultural products. CSA may be particularly optimal for markets
that are local and small-scale.
Figure 96. Financial relationships and support services that affect the value chain
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Subsidies, Taxes, and Fees
Subsidies in sustainable agriculture are usually direct transfers from
government or NGOs to producers/farmers to encourage certain behaviors.
Transition to more sustainable agricultural techniques is often subsidized by grants
or loans. However, government/NGOs need to be mindful with threats that can be
caused from granting excessive subsidies (unintended consequences such as
overproduction, political difficulties, and market suppression).

80

FAO: http://www.fao.org/3/cb0665en/CB0665EN.pdf
IISD: https://www.iisd.org/system/files/publications/financing-agriculture-boostopportunities-devloping-countries.pdf
81
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National governments also use taxes to finance sustainable agriculture.
Taxing can be difficult for developing countries with most of their workers employed
in agriculture as their earnings are largely seasonal. At the same time, the
frequently changing world tariff laws and rules make it difficult for the effective
application of import-export taxes to target sustainable agriculture. Agriculture fees
such as membership fees in cooperative and associations are also part of the
sustainable finance space. Payers receive benefits such as supporting
certification, technical training, and market development activities through being part
of a group or organization.

Public Sector Investment
Public sector investment includes government funding through the form of
financial grants, subsidies and loans. In the past decade, global government
fiscal spending on the agriculture sector faced declining importance relative
to other sectors. The agriculture orientation index (AOI) for government
expenditures is used as an indicator of the world progress towards SDG targets of
increased agriculture investment. It measures the federal government contribution
to agriculture in comparison to the agriculture sector’s contribution to GDP. By
definition, an AOI less than 1 indicates a lower contribution towards agriculture
sector by the central government relative to the sector’s contribution to the
economy. From the figure below, we can note that global AOI peaked in 2006 and
had been decreasing in the past decade, with the latest world average AOI in 2018
of 0.28, down more than 30% from the 2006 level.
Figure 97. Agriculture Orientation Index for Government Expenditures Across Regions
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Leading international organizations estimate that some 60% of additional
investments required to achieve the SDGs would require public financing.
Larger-scale financing in improving agriculture and in research and development
can only be possible from initiatives started and driven by the public sector. Besides
providing financial support, the public sector also needs to build infrastructure and
proactively promote laws, regulations and policies that encourage sustainable
agricultural development. It is important that government to limit unnecessary
interference and reduce barriers in agriculture finance whenever possible83.

82

FAO: http://www.fao.org/sustainable-development-goals/indicators/2a1/en/
World Bank: https://www.worldbank.org/en/topic/agriculture/publication/makingclimate-finance-work-in-agriculture
83
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Private Sector Investment
The private sector provides agriculture finance with investors seeking riskadjusted returns as opposed to governments that may seek to just subsidize
industries or promote objectives of social good. Access to commercial
lending has long been a challenge for the agriculture sector in general due to
its perceptions of low return and high risk, particularly for smallholder
farmers and small and medium enterprise (SME) in developing countries.
Even in the most complex and developed financial market globally, US, “crop
insurance” is often linked to government guarantees. FAO data show that
globally commercial lending credit to agriculture accounts for 2.9% of total
commercial credit in 2017. In comparison, the agriculture sector contributed more
than 4% to global GDP, revealing agriculture sector’s negative bias in access to
credit.84 The bias is even more severe in developing countries. For instance,
agriculture accounts for 40% of Nigerian GDP while the sector receives only 1% of
commercial bank loans.85
Especially in developing countries, agricultural financing in the private sector
faces many barriers. These include inadequate and lack of effective policies
supporting sustainable agriculture investments. Secondly, the inherent risks in
agriculture are high and there are not sufficient instruments to manage these risks
(ex. natural hazards, lack of credit history of borrowers, lack of collateral, and
volatility of prices). Thirdly, the weak link between farmers in remote rural areas and
the financial sector makes investment difficult and with high transaction costs.
Lastly, financial institutions (FI) may lack suitable and specialized products for the
agriculture sector or specialized personnel to management such portfolios.86
But on top of the several risk mitigation techniques discussed previously,
blended finance, defined as the “strategic use of development finance for the
mobilization of additional finance towards sustainable development in
developing countries” by OECD is used to attract more private sector
investors. Blended finance combines public resources structured through grants,
low-cost debt, guarantees, and equity in developing countries with private capital.
By mixing capital flows with different financial and non-financial return expectations,
blended finance can improve the risk-return characteristics of an investment and
thereby attract more private investors. Blended finance opportunities in agriculture
in equity and debt investments are introduced in detail in SAFIN’s paper.87

84

FAO: http://www.fao.org/economic/ess/investment/credit/en/
UNDP:
http://www.undp.org/content/dam/aplaws/publication/en/publications/environmentenergy/www-ee-library/environmentalfinance/International%20Guidebook%20of%20Environmental%20Finance%20Tools/Cha
pter%205.pdf
86 Blended finance for agriculture (Havemann, Negra, and Werneck, 2020):
https://link.springer.com/article/10.1007/s10460-020-10131-8#Tab2
87 See SAFIN: https://5724c05e-8e16-4a51-a32065710d75ed23.filesusr.com/ugd/7f0ffd_d48e2795163446d88b574c2c5c3ade0a.pdf
And OECD: https://www.oecd.org/dac/financing-sustainable-development/developmentfinance-topics/OECD-Blended%2520Finance-Evidence-Gap-report.pdf
85
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Smart Agriculture
Smart farming is an emerging concept that refers to incorporating modern
information and communication technologies like IT, robotics, drones and AI
to increase the quantity and quality of agriculture products. The smart
agriculture market is estimated to be worth $13.7 billion in 2020 and is projected to
grow at an annual rate of 9.8% to reach $22 billion in 202588.

Financing of Sustainable Agriculture in Major Agricultural Countries
Brazil is believed to have one of the largest potentials for green investment
growth given it is the largest exporter of beef, poultry, soy, coffee, and sugar
(2nd largest in corn). Brazil has set strong environmental legislation with the Forest
Code and Low Carbon Agriculture Plan being the central focus of Brazilian
sustainable agriculture. However, approximately $78.9-billion would be needed to
implement these two policies. The Brazil Green Finance Initiative and the Brazil
Agriculture Subcommittee partnered and identified a roadmap for a large pipeline of
projects and assets eligible for green financing and believes the investment
potential for Agriculture in Brazil are able to reach $163 billion until 2030. The
roadmap identifies green bonds and other labeled debt instruments as important
financial tools for driving investment in agriculture.89
China is one of the largest agricultural economies in the world producing 18%
of the world’s cereal grains, 29% of the world’s meat, and 50% of global
vegetables. In the past few years, China has taken some policy and reform towards
more sustainable agriculture such as the initial steps to restructure its agricultural
subsidy system to encourage more efficient utilization of natural resources, efforts
to curb the use of fertilizer and pesticide overuse. In 2018, China issued for the firsttime technical guidance notes for green agriculture development, though the
guideline may lack specific green standards and protocols. China’s green finance
market also gives little attention to green agriculture with total green financing for
agriculture only about $9 billion (0.4% of the aggregate national green financing).
The World Bank believes Chinese sustainable agriculture development requires
massive financing and in response has approved a loan of $300 million for China to
encourage further green agriculture investments, development of standards, and
technological advances in the Henan Province.90
The United States agricultural financial policy and institutions, both public
and private, are deeper and more involved in the sustainable agriculture
markets. However, progress is made by many different players, rather than being a
collective effort and it is hard to find nation-wide information/data on investment
targets.
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Markets and Markets: https://www.marketsandmarkets.com/Market-Reports/smartagriculture-market239736790.html?gclid=EAIaIQobChMI4amr5aDk7AIVCorICh3RUAUFEAAYASAAEgLeP
PD_BwE
89 Climate Bonds Initiative:
https://www.climatebonds.net/system/tdf/reports/brazil_agri_roadmap_english.pdf?file=1
&type=node&id=47432&force=0
90 World Bank:
http://documents1.worldbank.org/curated/en/417661585533718831/pdf/China-HenanGreen-Agriculture-Fund-Project.pdf
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Examples of sustainable agriculture initiatives include the USDA’s sustainable
farming programs91 as well as the growing popularity of impact investing in
sustainable food and agriculture.92 A recent assessment of U.S. agriculture financial
policy points out that Congress responds to more frequent extreme weather events
with larger and increasingly frequent disaster payments. It reveals that further policy
changes and efforts are needed to shift agriculture finance from investing in shortterm responses to more sustainable investments.93

Agriculture as a Carbon Sink
The conversion of grass and forestlands to croplands has resulted in historic
losses of soil carbon globally. It is estimated that 75 billion tonnes of fertile
soil are lost to land degradation per year and the FAO warned that more than
90% of all the global soils could be degraded by 2050 if current trends are
continued.94 Soil carbon sequestration is a process by which CO2 is removed from
the atmosphere and stored in the soil carbon pool. Carbon sequestration on
agriculture lands is possible through a range of proper soil management strategies
and can have significant potential with widespread implementations. There are
three major types of carbon sequestration: those based on natural processes, those
through engineering techniques, and those involving chemical transformations.95
The idea of increasing the capacity of soil to absorb CO2 is becoming more
popular around the world. The “4 per 1000 initiative” originated from the Paris
Summit in 2015 thinks that “if we could change agriculture so that farms are actually
increasing the amount of carbon in the soil, by four parts to every 1000, that would
be the equivalent of locking up all man-made greenhouse gas emissions”. The
current state of world soil is still far from such goals, but it might be changed by
encouraging and helping farmers to adopt techniques that improve soil health and
promote plant growth. It is estimated that soils can sequester around 20 soil organic
carbon (PgC) in 25 years, which would be more than 10% of the anthropogenic
emissions96.

Biofuel Production within Agriculture
The enormous growth of the energy sector is in some way reshaping the role
of agriculture. Specifically, agriculture has an increasing role as a provider of
feedstock for the production of liquid biofuels for transport. This role has provided
new sources of demand for agriculture products but at the same time generates
increasing competition for natural resources, that is, crops cultivated for food and
feed redirected towards the production of biofuels97.

91

USDA: https://www.fsa.usda.gov/Assets/USDA-FSAPublic/usdafiles/Outreach/pdfs/Publications/FSAGuide%20FINAL%20as%20of%20Dec%202016%20digital%20only.pdf
92 Croatan Institute:
http://www.croataninstitute.org/documents/Investing%20in%20Sustainable%20Food%20
and%20Agriculture.pdf
93 IATP: https://www.iatp.org/ag-finance-climate
94 FAO: http://www.fao.org/soils-portal/soil-management/soil-carbon-sequestration/en/
95 FAO:
http://www.fao.org/fileadmin/templates/solaw/files/thematic_reports/TR_04b_web.pdf
96 FAO:
http://www.fao.org/tempref/AG/agp/ca/CA_CoP_May12/ARD_ESW12_CarbonSeq_web
%5B1%5D.pdf and Reuters: https://www.reutersevents.com/sustainability/turningagriculture-climate-culprit-carbon-sink
97 FAO: http://www.fao.org/3/i0100e/i0100e02.pdf
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One of the major uncertainties for biofuel development is the capacity of the
agricultural sector to produce feedstock for the increasing demand globally if
mandates were to be fulfilled. Biodiesel production is limited by the supply of
vegetable oils and directly competes with food demand while ethanol production is
subject to the cyclical nature of the sugar sector98. Crop’s biofuel yield varies widely
across feedstocks, geographical location, and production systems. This implies that
vastly different lands are required for increased biofuel production depending on
different country and crop type. A study published in the Nature journal Scientific
Reports shows that about 4% of the world’s agriculture land and 3-4% of fresh
water are used for growing biofuels. A research team from the University of Virginia
further argues that if these land and water are used for food crops, they can feed
about 280 million more people. Increasing biofuel production in agriculture can be
viewed as an obstacle to bringing food production in line with the increasing needs
of the human population99.

98

FAO: http://www.fao.org/3/CA4076EN/CA4076EN_Chapter9_Biofuels.pdf
Science Daily:
https://www.sciencedaily.com/releases/2016/03/160303133614.htm#:~:text=About%204
%20percent%20of%20the,the%20Nature%20journal%20Scientific%20Reports.
99
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12. New ESG Investing Approaches Begin to
Transform the Investment Management
Industry
Business Advisory Services
Jayme Colosimo

Interest around Environmental, Social, and Governance (ESG) investment
considerations has exploded over the past several years and asset managers
are responding by bringing a range of new methodologies to the investment
process to meet these demands. The approach to delivering on these
interests, however, will need to evolve as asset owners and investors require
more sophisticated solutions that incorporate ESG across multiple asset classes
and offer a wider range of investment opportunities.

ESG Grows but Investment Techniques Relatively Nascent
In 2018, ESG assets under management (AUM) estimates were $30.7 trillion, and
while these assets have grown since, the underlying investment techniques are still
relatively simplistic.100 As shown in Figure 98, over half of these assets are in public
equities.
Investment techniques for the majority of these assets have focused on
broadbrush approaches that look to avoid the 'headline risk' of owning
companies with poor ESG records. These top three strategies include
negative screening, ESG integration, and stewardship as shown in Figure 99.
Negative screening excludes companies in controversial sectors such as weapons
or tobacco and represents $19.8 trillion in ESG assets. Over $17.5 trillion of assets
use the strategy of ESG integration, including ESG scores or analysis alongside a
wide array of other financial considerations in determining the weighting of a
security in a portfolio. Strategies that engage companies more directly—
stewardship and impact funds — attract the smallest AUM of the top three, but the
approach is growing.101
Figure 98. ESG AUM by Asset Class, 2018

Figure 99. ESG Investing Approaches, 2018
Global Utilization of ESG Strategies: 2018
Total AUM: $30.7tn
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2018 Global Sustainable Investment Review, Global Sustainable Investment Alliance,

2018, http://www.gsi-alliance.org/wp-content/uploads/2019/03/GSIR_Review2018.3.28.pdf
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Asset Owners Beginning to Question Efficacy of Today’s ESG
Investing Approaches
Today’s ESG approaches signal attention to ESG concerns but do not provide
for a clear, measurable signal between capital allocation and corporate
engagement with E, S, or G changes. Investors are beginning to raise concerns
about ESG investing’s current leading strategies, as their ability to incentivize
change around E, S, or G considerations is uncertain.
 Negative Screening: Choosing to exclude certain assets from the portfolio may

reduce a subset of downside risks for an individual portfolio, but this approach
may actually increase systemic risk across the totality of the asset owners’
holdings or for the wider universe of industry participants. The ability to influence
the issuer is lost, as the investor base for excluded securities shifts to other asset
owners that may not press to mitigate the company’s ESG-related risks, thus
enabling the company to continue to attract capital without the corresponding
pressure to address low ESG performance in material and critical areas.
 ESG Integration: Integration has come to be a catch-all term, representing the

entire range of investment managers from those whose processes are extremely
sophisticated and diffused throughout the investment process, to those who give
minimal consideration to ESG beyond purchasing a third-party score. Further,
many scores today are still issued as a composite 'ESG' score, failing to break
down the discrete material components of each individual consideration. This
leads to accusations of greenwashing, where funds claim integration without
changing their investment process; in 2019, 250 European funds representing
10-20% of total ESG AUM had re-labeled their fund from 'traditional' to
'sustainable'. Even more importantly, ESG integration fails to create an
opportunity for capital allocation signaling around ESG. Most funds neglect to
provide a mechanism that illustrates the connection between the asset owner’s
capital and the desired changes in E, S, or G-related behaviors.
 Stewardship and Corporate Engagement: Designed to be the most direct form

of engagement in today’s ESG investing toolkit, stewardship still falls short of
tying investor’s capital allocation to a specific set of measurable desired
improvements that may work to mitigate pre-financial risks. Investors acting as
shareholders have some influence, however, the measurements of success tend
to be focused on inputs (e.g., number of meetings with issuer management) as
opposed to the outputs of the engagement’s actual effectiveness.
For many asset owners, there is a growing awareness that investment
products to date have simply managed ESG headline risks. How ESG factors
are considered in the investment process and the ways in which these concerns are
expressed in investment portfolios may not provide a clear enough signal to
companies about behaviors that concern investors. Nor does the current way in
which investor capital is deployed within portfolios provide the right incentives for
companies to change such behaviors and allow for asset owners to measure the
tangible reduction of risks that such behavioral changes may create for their
portfolios.
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The Catalyst for a Shift in ESG Investing
The COVID-19 pandemic has brought with it a new awareness of the breadth
and variety of risks that can influence asset values. Climate change had
previously been the primary focus of ESG discussions, but the shift from 'Econcerns' to 'S-concerns' driven by the speed, extent, and origin of the crisis have
created a new dialog and sense of urgency around systemic risks and how
extensively such ESG-related risks can affect investment portfolios in unexpected
ways.
Border closures and lockdowns temporarily froze or broke supply chains and
rendered normal physical interaction and transactions impossible. The
dependence of firms on wider economic and social infrastructure, and their reliance
on the physical movement of capital, goods and materials became very clear.
Additionally, the quality of a company’s relationship with its stakeholders also
came to the fore through the crisis. Today’s digital and social media platforms
enable a broad community of stakeholders to influence societal perceptions about a
company and amplify their concerns in a manner that can threaten a company’s
societal license to operate — allowing the voices of those stakeholders to be widely
heard, and make visible a company’s treatment of its employees, suppliers,
customers, and wider community. Companies are increasingly unable to separate
themselves from these societal concerns and the risk of these negative effects to
both companies and portfolios is becoming more apparent.
Even prior to the COVID-19 crisis, a growing body of evidence was beginning
to illustrate the increasingly direct ties between ESG considerations and
financial outcomes.102 Corporate access to capital, the relative cost of such
capital, and transition plans on how companies will deploy funds to enhance their
sustainability profile are already impacting banking relationships in key sectors as
lenders look to reduce risks to their portfolios. For example, in the U.S., all the
banks publicly known to be providing credit facilities and term loans to private prison
companies CoreCivic and GEOGroup cut their ties over the course of 2019.103
The issue may extend beyond simply access to capital for a firm since in
many cases the cost of capital that they are able to access may go up based
on their perceived political, regulatory, consumer or societal risk. In a fouryear study from the beginning of 2016, MSCI found that companies with high ESG
scores tended to enjoy a lower cost of capital than companies with poor ESG
scores, and this relationship held in both developed and emerging markets. In the
MSCI World Index, the average cost of capital for the quintile with the highest ESG
scores was 39 basis points (bps) lower than the bottom quintile.104

102
“Capital costs rise on sustainability concerns”, James Mills, Petroleum Economist, October
4, 2019, https://www.petroleum-economist.com/articles/corporate/finance/2019/capital-

costs-rise-on-sustainability-concerns
103
“Core Civic Prepared for Private Prison Ban”, Matt Blois, Nashville Post, November 14,
2019, https://www.nashvillepost.com/business/area-stocks/article/21097574/corecivic-

prepared-for-private-prison-ban
104

“ESG and the cost of capital”, Ashish Lodh, MSCI, February 25, 2020,

https://www.msci.com/www/blog-posts/esg-and-the-cost-of-capital/01726513589
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Accordingly, the view that ESG risks are “non-financial” or primarily a threat
only to long-term asset valuations is changing quickly as asset owners
expand their definition of responsible asset ownership to incorporate this
wider interpretation of ESG.
These realizations are expected to push asset owners to seek enhancements to the
investment process so that investment dollars can be targeted in a manner that not
only highlights to companies where they need to amend their business practices in
order to mitigate ESG risks before they can severely impact enterprise value, but
also where capital might be more precisely aligned to achieve an E, S, or G-related
goal.

Changes in Investment Manager Approach to ESG May
Re-Define Industry
As asset owners focus on better understanding and mitigating risk, investment
managers are, in turn, expected to respond by transforming their approach to
security selection, portfolio construction, risk management, and solution
development. Some of these changes are evolutionary in nature and already
underway in asset managers highly focused on ESG.

New Data Drive Better Understanding and Separation of E, S, and G
Risks
New insights derived from a combination of traditional and alternative data sources
are likely to provide better understanding of E, S, and G risks and their associated
impact and will be a necessary precondition to advance the industry beyond today’s
ESG offerings to more discretely align capital allocation.
ESG data have historically been supplied by issuers through corporate
sustainability reporting, generally published annually by a dedicated team
seeking to highlight the best of the firm’s achievements. Nearly 86% of
companies in the S&P 500 now produce sustainability reports, up from just 20% in
2011, according to the Governance & Accountability Institute.105 However, the flaws
underlying this historical approach are well know; self-generated reporting
introduces biases and allow issuers to offset weakness in one E, S, or G category
with high scores in another, the methodology heavily favors large cap companies
with dedicated reporting teams, and scoring firms provide only limited visibility into
underlying drivers of rating changes.
To feed the industry’s appetite for insights related to ESG-related risks and
outcomes, a number of data and analytics providers have emerged. Using AI
and algorithms to scour sources such as social media, news, trade
associations, and non-governmental organizations they provide investors
with insights into a growing array of ESG risks. These offerings are becoming
increasingly timely and sophisticated, incorporating new technology such as
sensors and advanced imagery and using more traditional data in new
combinations.

105

“Flash Report: 86% of S&P 500 Index® Companies Publish Sustainability / Responsibility

Reports in 2018”, Governance & Accountability Institute Inc., May 16, 2019, https://www.gainstitute.com/press-releases/article/flash-report-86-of-sp-500-indexR-companies-publishsustainability-responsibility-reports-in-20.html
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For example, ESG alternative data provider Measurabl provides frequent data about
buildings’ energy consumption. Data are captured at the meter level and integrated
with data from utility companies to create a more complete picture of energy
usage.106
This proliferation of information about issuers as opposed to from issuers is
becoming more impactful as ESG data providers translate the noise of data
generated into more meaningful investment signals. And in some ways,
companies could be seen as losing control of their own ESG narrative as an evergrowing data set is generated via these alternative sources.
The broader view of the interplay between these traditional and alternatives sources
is illustrated in Figure 100. The left of the chart highlights how a company may be
vulnerable to systemic risks across the company’s supply and distribution ecosystem including the impacts of climate change on the infrastructure they rely on (or
own) and their ability to access liquidity to facilitate operations. The right side of the
chart illustrates the risks emerging from stakeholders.
Figure 100. Expansion of ESG Data Sets to Better Track Pre-Financial Risks
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For investment managers to benefit from the potential of these data sets,
investment professionals will need to understand how new data can be
leveraged to identify both systemic and stakeholder alignment risk. Analysts
will have to develop more sophisticated models, with a focus on identifying
connections between the new data sources that are being gathered and
downstream financial and non-financial outcomes.

106
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An Improved Linkage of Capital Allocation to ESG Risks & Goals
This expanded and holistic view of an issuer allows for the development of
more precise metrics to pursue and measure changes over time in investors’
E, S, & G goals. Part of this evolution in approach is likely to be the
development of a more robust set of E-, S-, and G-linked key performance
indicators (KPIs) that can be used to monitor how the companies making up a
portfolio score against specific measures and allow investment managers to track
the changes in such scores over time. KPIs could also then be grouped to more
effectively target specific ESG themes.
This level of disaggregation from ESG to 'E, S, and G', as well as their
respective sub-themes becomes critical to support more targeted capital
allocation, given that the KPIs to measure climate change are going to look
different from the KPIs used to assess sustainable land use or the KPIs that
inform gender equality. Moving to this thematic level will be an important shift in
order to better tie the allocation of investment capital to the desired changes in
corporate behavior being sought by asset owners.
These sets of E-, S- or G-themes linked to discrete sets of KPIs may begin to
replace the current blended ESG scoring approach and allow for the creation
of new benchmarks that can measure a new type of non-financial portfolio return
representing ESG outcomes and risk management. This move from more
generalized ESG evaluation that simply addresses 'headline risk' to strategies that
support specific E, S, & G goals, highlights the growing importance of
understanding materiality. This is likely to develop further, both in terms of how
relevant any E, S, or G issue is to a specific issuer, and also in how relevant the
issuer is to solving for an investors E, S, or G-related objective.

Creating More Materially Relevant Investment Universes
As previously noted the current integration approach to investing fails to
send a clear message to management teams inside issuers about their
investors’ ESG priorities. Moving the focus on ESG earlier in the process and
using themes linked to clear KPIs to select the security universe may help to
improve signaling to company management and enhance the effectiveness of
investment funds to deliver on ESG objectives. This is illustrated in Figure 101.
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Figure 101. Moving the Focus on ESG Earlier in the Process and Using Themes Linked to Clear KPIs to Select the Security Universe may Help to
Improve Signalling to Company Management and Enhance the Effectiveness of Investment Funds to Deliver on ESG Objectives

Source: Citi Business Advisory Services

As shown on the left hand side of the chart, beginning with a capital-weighted
index dilutes the ability of investors to reduce specific ESG risks or tie their
capital allocation to desired corporate behavioral change.
Alternatively, beginning with a more specific E, S, or G consideration and
using that theme to select the securities in the universe allows for a more
direct signal about desired changes in corporate behavior since capital is
deployed to materially relevant companies that are then ranked around their
financial outlook and pre-financial risk profile. Using this new approach where the
materiality of security holdings are the first step in putting together a portfolio
ensures that the entire investment universe has relevance to the desired KPIs. This
approach may produce portfolios with fewer securities, but the relevance of the
securities will be much higher and the ability to track the portfolio to understand how
the KPI is change would be more meaningful.

A Look Forward at Revolutionary Changes in ESG
Development of KPIs that could measure non-financial returns over time and
allowing E, S, or G themes to drive the universe for security selection might
set the stage for a more revolutionary change in approach. Early offerings in
this space may target E-, S-, or G-related themes that resonate with investors and
have clearly defined and measurable KPIs. An example may be a fund that focuses
on Climate Change and assesses the relative positioning of companies in its stock
universe by a non-financial measure such as how much they are reducing their
production of greenhouse gasses and by their relative financial strength and
weakness.
Over time, managing investments to achieve financial returns and improve E,
S, or G KPIs may become common practice and companies may be assessed
on relative value across both parameters. Just as high value, large cap
companies are considered 'blue chip' companies, those that score well on delivering
an E-, S-, or G-related goal and also provide a strong financial return might be
considered “Green Chip” companies. 'Brown chips' might have a strong financial
outlook, but have done less work to improve their operations.
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'Grey chip' stocks may be better candidates to deliver on non-financial goals, but
could be less attractive from a financial returns perspective. The entire range of
companies that may be categorized n this way is illustrated in the left-hand chart in
Figure 102.
Figure 102. Categorizing Materiality of Relevant Companies for Meeting ESG Goals

Source: TruValue Lab, Citi Global Data Insights, Citi Business Advisory Services

The right-hand chart in Figure 102 takes this conceptual approach and
illustrates a quantitative example from the Metals and Mining industry,
arraying companies by two sets of criteria. This analysis by the Citi Global Data
Insights Group based on TruValue Lab data arrays a potential stock universe by
both financial and ESG-related criteria. Those companies who exceeded the
industry average total financial returns of +12.2% are categorized as green or
brown chip companies. The second ESG dimension of filtering is then applied.
Companies who also exceeded the industry average ESG score, are green chips,
with brown chips ranking below industry average on materially relevant ESG-related
considerations for the metals and mining industry.
The implications of this potential future approach are significant. Having
categorized the entirety of companies in materially relevant sectors, the
investment manager may then begin to build out a range of 'dual-return'
products that offer both financial and ESG-related returns. With more
transparency into both financial and non-financial risk and returns, active managers
can focus on engineering products by mixing green, brown, and grey chip
companies. Security selection — choosing the mix of green, brown, and grey
companies — could be driven by a rules-based engine or through a discretionary
investment approach, allowing for a range of passive and/or active products.
While these type of 'dual-return' equity products are seen as one likely area of
innovation given that equities account for more than 50% of today’s total ESG
investments, the focus of investors and asset owners is already beginning to
broaden to other asset classes.107
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2018 Global Sustainable Investment Review, Global Sustainable Investment Alliance,
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Over time, fixed income ESG assets are likely to grow significantly as
investors increasingly recognize how bonds and structured loan products are
possibly better positioned to deliver on specific ESG objectives. This is in part
because the ability of equity shareholders to influence corporate behavior is diffuse,
as the only tools they have are their votes and active engagement with boards and
management. By contrast, bonds and structured loans can contractually build in
metrics and goals for selected E, S, and G goals, providing a more direct route to
creating change.
Using the same thematic approach and writing specific goals around the
underlying E-, S-, or G-KPIs into the bond or structured loan issuances could
result in a second type of dual-return product and one that has an ability to
better ensure desired ESG-related outcomes. Some traction in this direction is
already emerging as issuance of Green, Social and Sustainability bonds rose to a
record $286 billion in 2019108 and newer offerings are explicitly linking ESG-related
goals into the contract language through KPIs that are mutually agreed upon at
issuance.

Outlook for Rapid Industry Change
Debates around the efficacy of ESG investing have been widespread in recent
years, but much of the concern can be linked to the way in which investment
managers have been using opaque, indicative scoring and the often indirect and
limited way that teams incorporate ESG considerations into their investment thesis.
Key changes are emerging in ESG--moving to more precise ways of measuring E-,
S-, or G-related KPIs, showing how changes in such measures over time might
reduce the portfolio’s ESG risks, and linking those KPIs to the appropriate E-, S-, or
G-themes that allow asset owners to target their allocations in a manner that signals
to companies which behaviors investors deem most concerning. These stages of
ESG’s evolutionary process could create an entirely new dialog about ESG
investing.

108 Citi Banking, Capital Markets & Advisory Debt Capital Markets based on data from Dealogic
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13. Sustainable Investing Is on the Rise — A
View from the Private Bank
Citi Private Bank

Clients Want to Quantitatively and Qualitatively Measure
their Portfolios’ Impact

Harlin Singh
Philip Watson
Robert Farrell

Clients of the Private Bank approach the opportunity to participate in the green
finance revolution for a variety of reasons, including the financial opportunity, a
desire to diversify their holdings in energy as we see initiatives like the U.K.’s Green
New Policy move forward, and not in the least, a desire to have a positive impact
with their investment dollars. There’s also a subset of clients who view the
investment opportunity in green energy as their social responsibility, a way to
replace divestment from fossil fuels.
Private clients have diversified portfolios that include discretionary managed
solutions as well as more opportunistic and satellite positions. These clients rely on
portfolio analytics to ensure their investments align with their risk and return profiles
and increasingly, their sustainability linked goals. Consistent oversight on carbon
footprint and exposure to securities that provide exposure to themes such as clean
water, alternative energy, and biodiversity are an important component of portfolio
analytics. Clients of Citi Private Bank also use the United Nations Sustainable
Development Goals as a framework to measure the impact of their investments,
considering analysis that determine positive and negative alignment to each of the
17 goals. Reviewing these data on an ongoing basis can also uncover risks such as
greenwashing that could undermine the intention of the investor.

Regional and ESG Trends in the Sustainable Investments Universe
Demand for sustainable investments broadly has been growing at an increased
pace over the last two years. While private clients have always used
exclusionary principles to ensure portfolio alignment with a set of values,
religious or personal, there has been increased attention to opportunities for
investment in companies that are expected to do well by doing good. Assets in
strategies that integrate ESG factors to make portfolio decisions that offer real
impact by way of shareholder engagement have come in favor. Impact and thematic
investments have also been of keen interest, as a double bottom line, or
environmental and/or social return alongside a financial return help individuals and
families align their portfolios with expectations for their legacies.
When we look at this growth by region, client interest in green finance is
much broader these days than the interest we have historically seen through
the leadership in Europe. While Europe still leads the way in terms of demand and
new products, further encouraged by increased regulation, individuals and families
across the globe have been transitioning to strategies that integrate ESG data. In
North America, families are very focused on specific themes around racial justice
and the environment. In Latin America, individuals are increasingly concerned with
investing in companies that reflect their values, and firms that demonstrate
leadership across ESG factors. Investors in Asia Pacific are increasingly dipping
their toes in the water by using ESG data as a way to mitigate financial risk as well
as seek out ways to generate alpha by investing in companies expected to
outperform in sectors such as the circular economy and education.
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COVID-19 has only accelerated this desire to provide bridge financing in
areas hardest hit by the pandemic. Affordable housing, lending to small
businesses, and finding ways to invest in racial equity have all been top of mind for
many investors around the globe. As we find more investment solutions that can
direct capital to opportunities that provide high impact, more investors are likely to
explore these options and break down the myths that these investments are
concessionary in nature.
When we look across client segments, while the interest spans wealth and
sophistication levels, there are some notable differences. Individuals and
families still tend to start with a values-based approach. They seek out
sustainable investing both from the exclusionary principles that ensure they don’t
invest in companies or sectors that altogether conflict with their values and often
use this tactic to engage their younger generations. One could argue that the
younger generations are pushing investment dollars towards impact investments, or
those delivering a clear and measurable social or environmental return. Having said
that, we see the shift to impact investments more as a matter of time rather than a
matter of generation. Family offices, foundations, and endowments are increasingly
exploring direct private investments, and other high impact and potential riskier
parts of the investment universe to deliver outsized returns alongside a positive
impact. These institutions also have a significant power to be catalytic, driving
investments from their peers and smaller investors, holding companies and
jurisdictions accountable, and really moving the needle through their engagement
strategies. Another unique characteristic of family offices is the capacity to provide
patient capital, or invest in longer-term projects that are expected to deliver
significant positive impact.

Products and Segments Outlook on ESG/Sustainable Investing
Private Bank clients approach sustainable investing in two ways: (1) broad
integration of ESG considerations across an asset allocation and/or (2)
thematic or tactical exposure to areas of personal interest. For clients
approaching this investment philosophy as a way to align their entire investment
portfolio, our proprietary and third-party portfolio managers are experienced at
integrating ESG considerations into the investment processes to quantify risks,
opportunities and durable competitive advantages. These strategies are used to
broadly provide exposure to companies that have the best ESG standards and offer
some exposure to themes such as green finance. For clients wanting to take it a
step further and actively seek out investments that are aligned with a specific
theme, both discretionary managed solutions and tactical customized solutions can
offer the relevant exposure. For example, green bonds and sustainability bonds are
a popular way to invest in fixed income products that offer clear use-of-proceeds
and can be tied back to a specific impact. Additionally, structured solutions linked to
companies associated with green hydrogen offer a tactical opportunity in a specific
technology. In private markets, hedge funds, private equity, and real estate are
increasingly reporting on their ESG metrics and the opportunity set for impact
investments in the alternatives universe continues to grow.
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Challenges
While interest in sustainable investing continues to grow, there are some
challenges that private clients face alongside their institutional counterparts.
The first is the transparency and completeness of data and how that impacts
portfolio level analytics. There are currently inconsistent disclosures on important
areas like the environmental impact of a business’ operations that make
comparisons difficult. Additionally, there has been a concern that ESG data are not
evaluated in a consistent manner that would allow for comparison across the
various ESG managers. While this can be frustrating, managers will continue to
derive their value and generate alpha through their unique methodologies, leaving a
bigger concern around greenwashing. The EU regulations are expected to tackle
some of this concern by mandating increased transparency on the part of asset
managers, but a lack of a global standard will continue to frustrate investors.
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Citi’s 2025 Sustainability Strategy
By Val Smith, Chief Sustainability Officer, Citi
In 2020, Citi embarked on its latest five-year 2025 Sustainable Progress Strategy to help accelerate the transition to a
low-carbon economy. This strategy includes a $250 Billion Environmental Finance Goal to finance and facilitate climate
solutions globally building on Citi’s previous $100 billion goal announced in 2015 and completed in 2019, more than
four years ahead of schedule.
This new five-year strategy, integrated into Citi’s Environmental and Social Policy Framework, focuses on three key
areas:
Low-Carbon Transition: Citi aims to finance and facilitate an additional $250 billion in low-carbon solutions, in
addition to the $164 billion the bank committed in 2014-2019. This includes financing and facilitating activities in
renewable energy, clean technology, water quality and conservation, sustainable transportation, green buildings,
energy efficiency, circular economy, and sustainable agriculture and land use.
Climate Risk: Measuring, managing and reducing the climate risk and impact of Citi’s client portfolio. Citi is a leader in
climate assessment and disclosure in alignment with the TCFD recommendations, releasing its first TCFD report in
2018, and its second TCFD report in 2020. Going forward the global bank will begin measuring the climate impact of its
own portfolios and their potential alignment with 1.5 and 2 degree Celsius warming scenarios. Citi is also joining the
Partnership for Carbon Accounting Financials (PCAF), a global framework for financial institutions to measure and
disclose the emissions of lending portfolios and create a global carbon accounting standard for financial institutions.
Sustainable Operations: This strategy includes fourth generation operational footprint goals focused on GHG
emissions, energy, water, waste reduction and sustainable building solutions. Since 2005 we have reduced 3,600 GWh
of energy use and avoided 2.4 MtCO2e, equal to the GHG emissions of over half a million cars on the road for a year.
While climate science requires global CO2 emissions to be reduced by 45 percent by 2030, Citi is accelerating that
timeline with a 45 percent reduction target in CO2 emissions by 2025.
Citi signaled its commitment to transitioning to a sustainable, low-carbon economy as the first major U.S.-based
signatory of the Principles for Responsible Banking. Citi released its 2019 Environmental, Social, and Governance
(ESG) Report in April 2020.
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14. “Green” Is Becoming Better Defined
Citi Global Data Insights

We are now in a decade that will witness three major transformations related to
ESG data:

Rich Webley

1.

The standardization of corporate reporting on ESG factors and global
compliance with accurate reporting of a common set of sustainability metrics.

2.

The introduction of global regulations that will govern how the capital
markets facilitate sustainable finance flows and risk transfer.

3.

The reengineering of buy-side and sell-side data architectures to
incorporate ESG data and support sustainable finance activities.

All of these need to happen quickly to achieve the climate change targets agreed to
in 2015 in Paris and the SDG’s laid out in the 2030 UNs Agenda. Therefore, the
early years are critical and the urgency is growing, which means that ESG data will
become a key imperative for every participant in the financing arena of the capital
markets.

The Coming Decade of Corporate Reporting Convergence
Since the establishment of common accounting standards in the early 1970’s, with
the formation of the Financial Accounting Standards Board (‘FASB’)109 and
subsequent adoption by public and private companies around the world, there has
been a growing pressure on organizations to understand and report on their
Environmental and Societal impacts. These non-financial metrics and data points,
that translate the footprint of a company and its use of both natural and human
capital resources, have become the focus of a plethora of organizations and
associations focused on understanding the impact of a company on the
environment, the economy, and society.
As we come into this new pivotal decade for the climate crisis, we are
beginning to see a convergence between these organizations that is
motivated by both the urgency of the crisis itself and investor focus on a
broader range of ESG factors. In August a seminal report was published as a
collaboration between a leading group of these organizations as a Statement of
Intent to work together to enhance comprehensive corporate reporting110. The
report bought together CDP (Carbon Disclosure Project), CDSB (Carbon Disclosure
Standards Board), GRI (Global Reporting Initiative), IIRC (Integrated Reporting
Initiative), and SASB (Sustainability Accounting Standards Board). The
collaboration was facilitated by an independent forum called the Impact
Management Project, the World Economic Forum, and the audit and advisory
firm Deloitte. Subsequent to the publication of the joint statement report
SASB and IIRC have also announced their intention to merge into a single
global organization called the Value Reporting Foundation in 2021.111

109

https://www.fasb.org/timeline/timeline-assets/timeline.html#vars!date=1969-1023_17:02:14!
110 https://impactmanagementproject.com/structured-network/statement-of-intent-towork-together-towards-comprehensive-corporate-reporting/
111 https://www.prnewswire.com/news-releases/iirc-and-sasb-announce-intent-to-mergein-major-step-towards-simplifying-the-corporate-reporting-system-301180179.html
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The joint statement is an important milestone that marks the culmination of
many decades of exploration and examination of sustainability as a critical
topic integral to understanding how a company uses the natural capital of planet
earth to produce its products and generate revenue. The report proposes a vision
for corporate reporting of non-financial metrics that builds on existing regulations
like the European Union’s Non-Financial Reporting Directive (NFRD), which
requires large companies doing business in Europe to report on the policies they
use specific to environmental and social activities, including human rights and anticorruption and bribery.
So why are these non-financial metrics so difficult to agree on, and how do
they play a role in increasing the flow of financial capital to support the
transition to a net-zero economy?
One of the principle challenges with ESG data is that the information is
digested by a number of different audiences and therefore can serve very
different purposes. Governments, Regulators and monitoring organizations
typically focus on the overall impact of the activities in relation to sustainability goals
and targets, while Investors and capital market participants focus on which aspects
of the business contribute to (or damage) enterprise value creation.
A factor like reducing GHG emissions can move between being material for
enterprise value creation (e.g. the automobile industry increasing production
of electric vehicles) to also being important to a broader audience focused on
sustainability goals (e.g. the Oil & Gas sector reducing overall emissions).
This dual-purpose of a key metric is referred to by the standard and framework
bodies as “dynamic materiality”, highlighted in Figure 103 below from the joint
statement report.
Figure 103. Dynamic Materiality

Source: Impact Management Project

In addition to the dual-use of a key metric by different audiences the topics
that drive financial return can also shift over time, as society evolves to new
norms and as regulations drive different behaviors and outcomes. These shifts
occur gradually but the linkage between them and their impact on value creation is
only just beginning to be understood and interpreted by the financial markets.
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The analysis in Figure 104 was conducted by Citi Global Data Insights using
sentiment data aligned to the SASB Materiality Framework112 and shows the drivers
of return over a two-year period for the Oil & Gas sector. The model focuses on
“spotlight events”, which are significant news events, analyzed by TruValue Labs,113
and employs a non-linear machine-learning model to understand the correlation of
SASB factors to stock returns. As expected GHG emissions are the main driver of
returns for this sector but critical incident risk management and business model
resilience are also important factors.
Figure 104. SASB Factors Vs Returns for Oil & Gas Industry (2018-2019)

Source: TruValue, SASB, Citi Global Data Insights

If we look at the technology sector, with a less obvious direct relationship to GHG
emissions, this type of analysis shows a different mix of factors driving returns.
Focusing on Internet & Media companies we see that while SASB considers energy
management to be a material factor it is in fact business ethics, customer privacy,
and data security which are the topics that the market considers in relation to
returns. Figure 105 below shows this analysis over the same period for Internet &
Media companies.

112
113
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Figure 105. SASB Factors vs. Returns for Internet & Media Companies in Technology Industry (2018-2019)

Source: TruValue, SASB, Citi Global Data Insights

In these examples of Oil & Gas and Internet & Media companies, we see
different challenges in how to consider providing financing to facilitate a
transition to a more sustainable business model. GHG emissions is a strong
factor for Oil & Gas and key performance indicators could be linked to this metric,
whereas Energy Management does not appear to correlate with returns in the
Internet & Media companies profiled and therefore a less useful metric for capital
markets.
The interpretation of materiality and therefore the efficiency of providing
financing based on sustainability metrics is a complex topic, and has been
framed in different ways, by the organizations collaborating in the joint
statement (See Figure 106). Ultimately these definitions will need to align with
accounting standards defined by IFRS (International Financial Reporting
Standards)114 and US GAAP (General Accepted Accounting Principles) and that is
the hard work required in this coming decade if we are to enable a more efficient
flow of capital to achieve sustainability goals. The IFRS is currently seeking
feedback on how to accelerate these efforts in a consultation paper closing at the
end of 2020.115 Figure 107 below shows the conceptual relationship between
financial accounting standards and sustainability topics.

114

https://www.ifrs.org/
https://cdn.ifrs.org/-/media/project/sustainability-reporting/consultation-paper-onsustainability-reporting.pdf?la=en
115
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Figure 106. Distinctive Definitions of Material Topics

Source: Impact Management Project
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Figure 107. Sustainability Disclosure Standards, as a Complement to Financial GAAP

Source: Impact Management Project

A New Sustainable Taxonomy for Capital Markets?
While the corporate world navigates to a more comprehensive reporting
framework the Capital Markets will need to adapt to the new frameworks and
standards that will become interwoven with the financial instruments of the
equity and debt markets. In April this year, IOSCO (The International Organization
of Securities Commissions) acknowledged the role that the driver of global capital
markets regulation must play in this area: only by understanding financial and
sustainability information together can investors and governments have the
necessary insight into company performance.
Capital Markets react and adapt to new regulations and there are a myriad of
pending environmental and sustainability rules coming into law over the
coming years. The EU Taxonomy for Sustainable Activities116 seeks to align
Europe with the United Nations 2030 Agenda for Sustainable Development,
which in 2015 had outlined the Sustainable Development Goals (SDG’s) for
member countries. The wide-ranging regulation comes into law in July 2021 and is
the core regulatory framework that will guide Europe to achieve its net-zero climate
goal by 2050.

116

https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainablefinance/eu-taxonomy-sustainable-activities_en
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Central to the framework is a requirement to label financial products and
classify their impact on sustainability goals, a role that will need to be fulfilled
by the buy-side (Investors) and sell-side (brokers and securities dealers) of
the market. The regulation focuses on six key environmental objectives which
financial products will need to provide data and reporting on; climate change
mitigation; climate change adaptation; the sustainable use and protection of water
and marine resources; the transition to a circular economy; pollution prevention and
control; and the protection and restoration of biodiversity and ecosystems.
The U.K. government announced in early November that it would require all
companies to report on climate related metrics aligned with the TCFD (Taskforce for
Climate-related Financial Disclosures) by 2025 with a gradual implementation
beginning in 2021.117 The regulation supports the governments Green Finance
Strategy that supports both the UN SDG’s and the Paris Climate Accord targets,
and places the FCA (Financial Conduct Authority) in an implementation role for buyside and sell-side participants in the U.K. markets.
The Singapore market regulator, MAS (Monetary Authority of Singapore), is
positioning itself as the regional leader for Green Finance initiatives with the recent
launch of an extensive action plan that will provide funding for sustainable initiatives
in capital markets and provide guidelines for disclosure of environmental risks. The
Singapore securities exchange will also require listed companies to report on key
metrics aligned with TFCD.
Although the U.S. does not yet have a comparable set of regulations to the efforts of
the EU, U.K. and Singapore the recent election result and incoming Democratic
leadership plans to re-align the country with both the Paris Climate Accord and the
UN SDG’s so it is likely some type of “Green Finance” initiative will be introduced in
2021. Many U.S. companies have opted into sustainability reporting and TFCD due
to their global operations and corporate goals so any U.S. regulation would likely fit
within existing frameworks.
So who will organize the taxonomies and data standards between the buyside and the sell-side at these global regulations take effect and markets
adapt to the new era of sustainable finance?
There are a number of capital market organizations already actively looking at
ESG and what role they can play in organizing the industry and driving
standardization. IOSCO itself as the umbrella organization for global
securities regulators, has a significant role to play, and has established its
own Sustainable Finance Network (SFN) to organize engagement with the
many regulations and provide guidance to capital markets participants. In
their report from April118 they highlight three consistent themes causing confusion in
the market and requiring attention:
"…multiple and diverse sustainability frameworks and standards, a lack of
common definitions of sustainable activities, and greenwashing and other
challenges to investor protection."

117

https://www.gov.uk/government/publications/uk-joint-regulator-and-government-tcfdtaskforce-interim-report-androadmap#:~:text=The%20UK%20has%20announced%20its,pathway%20to%20achievin
g%20that%20ambition.
118 https://www.iosco.org/library/pubdocs/pdf/IOSCOPD652.pdf
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They view sustainability issues in general, and climate related risks in particular, as
posing important challenges to being able to meet their core objectives – investor
protection, market efficiency, and mitigation of systemic risks.
Within capital markets, participant’s organizations like FINOS119 (The FinTech Open
Source Foundation) may have an important role to play as they support
development of open-source software, standards, and best practices that allows
banks and their clients to collaborate on new initiatives. ESG data and the
development of common sustainability taxonomies are a good fit for an open-source
initiative as there is no inherent advantage to having a superior taxonomy to your
competitors. As corporate disclosure advances, financial products will need to
evolve to support ESG considerations and profits will be made in the creation of
products and not more taxonomies.
Infrastructure organizations like the EDM120 (Enterprise Data Management) Council
bring industry participants together around the creation of common data standards
and best practices, and establish industry-working groups to tackle new topics like
ESG. With the majority of industry participants as member firm’s the opportunity to
develop data standards has mobilized EDM members and this may lead to some
common agreement on how to incorporate these data into the financial ecosystem.
There are of course a multitude of data vendors, aggregators, and other service
providers who play a role in the collection and dissemination of ESG data, but at
their core, they rely on either the quality of corporate disclosures or one of the many
frameworks and standards already in-flight.
For capital market participants the tsunami of ESG data has arrived over the
last two years but the clarity and the efficient transfer of key information has
not yet matured and this is holding back an even greater wave of
sustainability linked financial products that will ultimately finance the green
future.

119
120
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15. Greening the Financial System Is
Challenging
Global Economics
Catherine Mann

Financial institutions and markets, steered by the central bank and regulatory
community (among others), are taking a front-line role in greening the real
economy. What are challenges that each faces alone, and in relationship, to
achieve a pro-climate outcome?
The basic challenge is the lack of carbon price. If there was a carbon price that
internalized the externalities, Central Banks and Regulators (CB/R), Financial
Institutions (FI), and non-financial corporates (NFC), and consumers would (in
principle) all realign their choices — whether consumer habits, firms’ capital
allocation decisions, or investors’ and issuers’ portfolios—to yield desired proclimate outcomes and risk pricing on assets would incorporate climate exposures.
However, there is not a transparent carbon price, not even clarity on what is the
best way to evaluate the differential between the current carbon price and one that
takes into account carbon externalities, and there is no agreement in global context.
(See Chapter 5 for more discussion on the fragmented global picture for carbon
prices and carbon markets.)
In the absence of a carbon price, CB/Rs have entered the fray to discipline
behaviors through the FIs as intermediaries. Is it that easy? Can CB/R take on
the role of carbon pricing?
Central Bank and Regulators—a financial stability goal or a climate outcome
goal? For Central Banks and Regulators (CB/R), one goal is risk management of
financial institutions in the pursuit of financial stability, which is well within their
mandate. But, greening the real economy as a goal implies changing climate
outcomes, through guiding their regulated entities to promote pro-climate-change
considerations in private firms’ capital-allocation decisions, investors’ asset-portfolio
choices, and even consumer social engineering. Is this in the CB/R mandate?
Some would say there should be a bright line between these two strategic goals for
the CB/R, with the latter goal outside the mandate of the unelected monetary
authorities. Others would argue that the financial stability mandate can only be
assured through whole-scale change in consumer choices that are reflected in
capital allocation and financial portfolios; in this view, climate change (and its impact
on financial stability) is squarely within the mandate. The fact that there is not an
agreement undermines the role that the CB/R can play in disciplining the financial
markets, institutions, and consumer and business players.
Private Finance — can it discipline firms or will it be disintermediated? For
private financial institutions (FIs), financial markets, and their relationship to firms
(e.g. non-financial counterparties/companies (NFCs)) what are their goals against a
pro-climate CB/R environment? For financial institutions, to the extent that they are
under the regulatory umbrella of the CB/Rs, they will have to reduce climate risk in
their own portfolios. Through this direct effect as a regulated FI, the FI can discipline
the NFC’s capital allocation decision. However, as intermediaries, FIs also act as
agent for investors and borrowers who want to ‘green’ their portfolios and issuance.
Through this agency role, whether or not regulated, the financial institutions can
discipline firms and investors, but only if the investor or borrower wants to be in the
‘green’ space.
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However, the signals from borrowers and investors for ‘green’ financial transactions,
are not yet strong enough, leaving open the role for CB/R. There are challenges to
having such a strong, clear signals. First, the lack of a carbon price and second,
myriad competing disclosures (discussed more below). But there is a third
weakening of the signals that comes directly from the CB/Rs: incomplete regulatory
oversight. For FIs to be the motivator of pro-climate change (directly via portfolio
and indirectly as agent) by disciplining firms, investors, and borrowers, these
transactions need to run through the regulated FIs. FIs that are not under the
regulatory umbrella of green-minded CB/R only have to respond to market signals,
not to regulatory pro-climate bias. If the market signals do not demand ‘green’ (by
generating higher returns or lower risk), then regulated FIs will be disintermediated
by unregulated FIs. In this case, pro-climate bias by CB/R might achieve financiallystable climate-exposed portfolios, but only for the regulated FIs, and potentially
without appreciable gain to pro-climate behaviors and outcomes.
Disclosure harmonization is not simple and is not the task of the central
banks. Disclosure is a set of methodologies, quantification, and channels through
which climate risk is exposed (and hopefully priced into) the financial and real
activities of economic entities. But, there are competing disclosure metrics that
distort the climate signals, are expensive for firms to prepare and adhere to,
encourage regulatory arbitrage across different disclosure jurisdictions, and present
issues of extra-territoriality when a jurisdiction backs-up its metric, with say, a
carbon border tax.
Entities such as the G-20, the FSB’s TCFD, IOSCO, SASB, and the EU are
promulgating different disclosure metrics and methods. Harmonization is not a
simple matter. Some of these disclosure differences come from different
fundamentals, including from the preference of politicians and citizens. To the
extent that different jurisdictions weigh the costs and benefits of climate change
differently, achieving disclosure harmonization will not be simple. Analogies to this
harmonization task include competition/antitrust policies, where there are
differences in how firms and consumers cost/benefits are weighed; and Basel bank
capital rules, where size of bank entity and its geography can matter for how the
rules are implemented.
Making money on the arbitrage — not good for the climate, but good for the
bottom line. The disclosure thicket and the differences in regulatory oversight
present an opportunity for analysts at FIs to generate alpha by synthesizing
information for investors and borrowers. In contrast, standardization of disclosure
methods (similar to that of the three main rating agencies for corporate and
sovereign debt) would help to support ETFs and algo trading. So standardization
might be better for climate outcomes, but would compress financial margins, and
could reduce the incentive to and return to due diligence and active management.
(See Chapter 12 for more on how ESG is transforming investment management,
providing new opportunities for ESG-related services.)
System-wide vs systemic risks and a regulatory approach. Given the centrality
of the CB/R role—because it is the CB/R that would enforce disclosure and require
that FIs take account of climate risks—how might they incorporate climate risk and
test for climate stress under the regulatory umbrella? The NGFS (Network of
Central Bank and Supervisors for Greening the Financial System), is a voluntary
coalition of CB/R started in 2017 to compare strategies and best practices.
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A standard approach asks: when does a system-wide shock (like climate change)
become a systemic risk to financial stability? With this view, there are many different
kind of shocks—geopolitical, internal controls—climate is just another one. The
regulator should follow the transmission channels, such as collateral impairment,
market-to-market losses, stressed cash flows, and so on. Climate exposures might
amplify shocks through leverage, hedging, re-pricing, etc. and all this could translate
a system-wide shock into a systemic shock. So, the climate shock is nothing new
really?
Where a climate shock might differ is the complexity and non-linearity of
transmission channels, which increases the potential for system-wide risks to
become systemic. Even so, appropriate concentration limits in light of climate
channels (seaside mortgages, carbon-intensive industries) might be a sufficient
response to short-circuit system-wide shocks from becoming systemic. On the other
hand, this narrow approach to climate regulation is not likely to be sufficiently robust
to incentivize sufficient FI discipline that would improve climate outcomes. So
financial stability in the short-run achieved, but the climate goal is not.
Stress tests vs. exposure scenarios? Another question for CB/Rs is whether
climate risk should be considered a shock or an exposure. A shock is a tail-event in
a distribution with a greater or lesser probability. A stress test is designed to
evaluate such shocks, with a short horizon, and under the assumption of a static
business model.
An exposure occupies the central part of the distribution (not the tails), albeit with
greater or lesser intensity (depending on the shape of the distribution). Scenario
analysis can address persistent exposures, takes into account a longer horizon,
with broader outcomes, and can incorporate evolving business models that are the
hoped-for greener outcomes. Scenario analysis might help CB/R scope out the
climate risk, but may not help determine a regulatory strategy. Like the Heisenberg
uncertainty principle, imposing a regulatory approach could shift the distribution of
outcomes entirely, not just move to a different point in the same distribution.
The appropriate regulatory tool to incentivize the pass-through of regulation through
FIs to discipline the capital allocation decisions is not at all clear. In particular, in the
presence of regulation with fungible money, is the effort to green the financial
system through the guidance of CB/R destined to disintermediate climate exposures
to the unregulated part of the financial system? The regulated FIs would appear to
be less at risk, and progress on greening the real economy would appear to be in
train, but both would be specious if climate risk and carbon exposure accumulated
outside the regulatory umbrella.
Central Banks and Green Assets: Another signal or tipping the climate
balance? As outlined earlier (in Chapter 1) multiple Central Banks have broached
or have implemented direct market intervention in green assets — Green
Quantitative Easing (Green QE). As part of the on-going QE approach to monetary
policy and depending on the central bank’s authority, these could be purchases of
sovereign obligations that are tied to green public-sector projects or these
purchases could be of green bonds from private issuers.
What Assets for Green QE? Whereas QE as a tool for conducting monetary policy
still has its detractors, being at the effective-lower bound for nominal policy rates
means that QE is no longer an unconventional tool. However, what assets might be
purchased as part of QE remains both controversial and for some central banks
restricted, because of the concern that the central bank is ‘large’ with respect to the
market.
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In terms of sovereign obligations, the point is exactly that the central bank does
affect sovereign borrowing costs. If climate change is an agreed political and central
bank objective, it is not too hard a stretch for the central bank to support green
sovereign objectives via disproportionate purchases of green sovereign assets.
Challenges however, include, first, the previously discussed issues of green
definition and disclosure; and second, for the ECB specifically, tensions could arise
between green sovereign purchases and the proportionality principle for purchases
of the sovereign debt of individual economies.
Central bank purchases of non-sovereign obligations, green or not, presents a
much stickier set of issues, under the general heading of ‘picking winners’ (e.g.
changing the market price of some issues or issuers). Some central banks have
intervened in corporate markets directly for some time, some via exchange traded
funds (ETFs), and some during the COVID crisis. The rules differ markedly. With
such cross-jurisdictional differences in central bank intervention into the private
markets, the green dimension only adds to concerns that central banks are taking
on too much of the allocative role of the financial markets. Of course, for those who
see the financial markets as not properly pricing in climate risk, the central bank
intervention is appropriate and a logical extension of its regulatory role for financial
stability.
Green Repos and Reserves. Even before QE, central banks had a central role in
markets by providing short-term liquidity against high-quality collateral for the
private sector. Central banks also hold assets longer term in international reserves.
In both cases, the nature of the collateral has been high quality liquid assets. A proclimate-bias by the central bank would be to accept, at a more favorable price,
green assets as collateral to central bank operations. Some central banks do favor
inclusion of green assets in the portfolio of foreign exchange reserves, in support of
which the Bank for International Settlements (the Central Bankers’ Central Bank)
has launched its own BIS Green Bond Fund. Providing targeted repo rates against
green obligations could be the next step in favoring green assets. The arguments
against the favoring of green assets is that they are less liquid, more risky, and
lower return, and so are not appropriate collateral for central bank operations. The
bulk of this GPS addresses these exact issues.
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NOW / NEXT
Key Insights regarding the future of Climate Finance

REGULATION

The Paris Agreement was the first step in pulling together a coordinated response
to climate issues. / New momentum on global coordinated climate policy looks
possible despite the recession brought on by the COVID-19 pandemic as
commitments to net zero emissions targets are being made both by countries and
companies.

INNOVATION

Decarbonization needs to take place across the power, transportation, industrial,
agriculture, and building sectors as part of a portfolio of mitigation. / Financial
innovation and investor comfort with emerging technologies is increasing, but earlystage technology risks are acute. Blended public/private finance could help derisking.

SUSTAINABILITY

The demand for private funding to finance Paris Agreement commitments is huge,
as is the desire from investors to put green finance to work. But the hurdles to
investing in green projects are significant. / The $3-$5 trillion investment gap must
be closed to meet climate goals and the solution includes both public and private
investment A green framework is essential for green finance to truly flow.
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FINANCING A GREENER PLANET –
VOL II
Bridging the Gap between Green Investment & Investors
Kathleen Boyle, CFA
Managing Editor, Citi GPS

Do we really care about climate change? In 2019, Amnesty International asked 1825-year olds to name the five major issues facing the world. The most commonly
cited issue was climate change. Although young people tend to be more concerned
with climate change than older generations, there has been an increase in
awareness across all age groups. In the U.S., when asked if dealing with climate
change should be a top priority for government, 52% agreed in 2019, up from just
30% in 2009. In Europe, a Kantar survey found 60% of respondents think climate
change is one of the most serious problems facing the world, up from 43% in 2017.
Okay, we do care about it, now what's the plan? The Paris Agreement. Signed in
2015, the agreement brought 196 parties together with the same goal — to limit
global warming to below 2 degrees Celsius (2°C), compared to pre-industrial levels.
Despite a few wobbly moments, it looks like everyone is back onboard to live up to
their greenhouse gas reduction commitments.
Overall, momentum for climate action was increasing before the world was hit by
COVID-19. Despite the financial hardships brought about by the pandemic,
government focus on climate action is actually accelerating with stronger climate
policies and net zero emissions targets being put in place. This increased focus on
climate is occurring in parallel with a rise in corporate and individual focus. The
combination, we believe, puts us at a tipping point on climate action.
In order to decarbonize the world, a whole portfolio of mitigation needs to be
developed and implemented across the highest carbon-emitting sectors. Although
the pace of innovation has accelerated and investment has increased, the
investment gap between what's being spent currently and what needs to be spent is
huge— as much as $3-$5+ trillion per year.
Capital is needed to fund the technologies required help markets evolve towards
decarbonization. Advancements in battery technology, the hydrogen economy,
carbon capture and storage, electrification, and efficiency require investment to
become reality. Carbon management (i.e., carbon dioxide removal) and carbon
pricing will help to align investment and economic activity with climate goals.
Public sector spending is crucial to funding climate action together with private
investment. Luckily, green momentum in the investor community has led to an
explosion in assets under management incorporating ESG considerations. At over
$30 trillion, the challenge is putting these assets to work. Developing a clear green
framework will help deploy ESG assets where they are most needed.
Financial innovation is the key to matching capital supply and demand. Instruments
including project finance, green, social, and sustainability (GSS) bonds, SPACs,
'efficiency as a service', and green securitization are used to close the gap.
Given the scale of the issue, we've published Financing a Greener Planet in two
volumes. Volume I focuses on the three factors which indicate we are at a tipping
point on climate action — policy and regulation, innovation, and green momentum in
the investor community. Volume II is dedicated to the financial options available to
close the massive climate investment gap.
Let's invest in what we care about.
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Where There’s a Will, There’s a Way
CLIMATE FINANCE SPENDING NEEDS TO GROW BY AS MUCH AS 10X
We have reached the green tipping point where global climate policy activity is
accelerating alongside renewed green commitments from businesses, investors,
and consumers. But there is a substantial gap between the $3 — $5+ trillion level of
annual green investment needed to meet the 1.5°C climate by 2050 and the nearly
$600 billion of total climate finance invested in 2017/2018.

$88bn Commercial
Financial Institutions
$183bn Corporate
Actions
$55bn Households

Investment Needed

$216bn Development
Finance Institutions

Annual Spend

$37bn Government

$579 billion
$122 trillion

Annual Climate Finance Spend (2017-18) vs. Green Investment Needed
Source: Climate Policy Initiative and GFMI
to Meet Climate Goals:
$94.6tn
Electrification
and Renewables
$12.1tn
Efficiency
and Circularity
$15.0tn
Alternative
Technologies

GREEN MOMENTUM IN THE INVESTOR COMMUNITY
CONTINUES TO BE STRONG DESPITE, OR POSSIBLY
ENHANCED BY, THE COVID-19 PANDEMIC
Interest around Environmental, Social and Governance (ESG) investment started
taking off in 2018 with ESG assets under management hitting $30 trillion.
Momentum continues to expand with asset managers bringing a range of
new methodologies to the investment process to meet increasing demand.
ESG Assets Under
Management by Class (2018)

Current ESG
Investing Approaches

Source: Citi Business Advisory Services

Source: Citi Business Advisory Services

51%
Public Equity
36%
Fixed Income
Private Equity/Venture Capital 3%
3%
Real Estate
7%
Other
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Negative Screening
ESG Integration
Stewardship and
Corporate Engagement
Other

New approaches to ESG investing

39%
35%
20%
6%

1

Data: Expansion of ESG data
set to identify E, S, and G risks

2

Linkages: Improved
linkages of capital allocation
to ESG risks and goals

3

Investment Universe:
Creating more materially
relevant investment universes

4

KPIs: Development of KPI’s
the measure non-financial
returns over time

A PORTFOLIO OF MITIGATION IS NEEDED FOR DECARBONIZATION
TO TRANSFORM THE GLOBAL ECONOMY
Decarbonizing the world requires nothing short of a great transformation of the global
economy, with no single silver bullet, but instead a whole portfolio of mitigation.

Carbon pricing
Carbon taxes, carbon emissions trading systems, carbon credits

Renewables
Solar, wind, battery storage

Carbon Dioxide Mitigation Solutions
Carbon dioxide removal and carbon capture and storage

Hydrogen
Green, blue and grey

Transportation
Road, aviation, shipping
Metals
Primary and secondary metals
Agriculture
Acreage, food waste, sustainable and smart ag

GREEN FINANCE IS THE MATCHMAKER BETWEEN THE ‘WANT’ AND THE ‘NEED’
Financing is important as many green technologies require large upfront capital costs versus low to zero (and even
negative) marginal costs. Creative financing options help match the trillions of dollars of demand for capital for green
projects with the rising investor demand for green projects.

$1 trillion
Size of Sustainable
Debt Capital Markets

53%

76%

Social and Sustainability
Percent of $3.8 trillion
bond offerings as % of all U.S. municipals market
Sustainable bond issuance likely to be ESG-aligned
in 2020

$450 billion

33%

Value of corporate or
sovereign bonds with a
‘green’ label denominated
in $, €, or £

Share of utility
sector in 2019-20
green bond issuance
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Executive Summary
Climate change is a defining challenge of our time. Record temperatures and
increasingly extreme and frequent droughts, floods, wildfires, and storms bear clear
testimony to global warming. Indeed, even with accelerating action today, some
climate change is locked-in for the near future due to past greenhouse gas (GHG)
emissions. Climate action will require extensive climate mitigation, but also climate
adaptation. Climate mitigation to achieve the Paris Agreement goals — remaining
within 1.5 degrees Celsius (1.5°C) from pre-industrial levels — requires staying
within a carbon budget of ~420-580 GtCO2e. This means today's GHG emissions of
~53 GtCO2e on net need to be cut in half by the 2030s, and reach net zero by midcentury. Net negative emissions would further help as part of ongoing climate
restoration.
The world is still battling COVID-19, though the accelerated development of
effective vaccines means an end is in sight in 2021. Behavioral changes postCOVID-19 are forecast to be aggressive, but as they likely fall short with regard to
sustained emissions reductions, strong climate policy is still needed. A strong
economic case can also be made for a green recovery coming out of the pandemic.
Momentum for climate action was already underway before COVID-19, but is
now accelerating and reaching a tipping point. Governments are putting net
zero emissions targets and stronger climate policies in place for mid-century,
notably the EU and China. The U.S. has to rejoined the Paris Agreement in 2021.
International climate diplomacy to engage emerging markets (EMs) is important —
without a shift in trajectory, EMs are expected to see rapid growth in fossil fuel
consumption. Corporations and investors are also joining the 'net zero club', while
individuals are embracing climate considerations in lifestyles and consumption.
Meanwhile, the oil and gas sector is also adapting to the wider energy transition.
Decarbonizing the world requires nothing short of a great transformation of
the global economy, with no single silver bullet, but instead a whole portfolio
of mitigation. Decarbonization needs to take place in the power, transportation,
industrial, agriculture, and building sectors. Decarbonization in power is now moving
at a brisk pace, and is foundational for clean electrification. Road transportation
decarbonization is picking up via electric vehicles (EVs), but trucking may require a
more mature hydrogen economy. Aviation and shipping require very high energy
density and batteries are not there yet. Instead, renewable and synthetic fuels
represent the nearer-term decarbonization pathway for aviation, while
decarbonization of shipping could be achieved through utilizing hydrogen and
ammonia as the hydrogen economy matures; Liquefied natural gas (LNG) could be
a bridge fuel. Heavy industries (chemicals, cement, steel, etc.) require a
combination of efficiency, scrap use, electrification, hydrogen, and carbon capture
and storage to decarbonize. Agricultural GHG emissions come less from carbon
dioxide (CO2) and more from methane and NOx, so major decarbonization could
come from process changes, but more specifically alternative proteins. Buildings
are decarbonizing through efficiency, electrification, and distributed solar and
battery. Metals are an enabling material for most decarbonization technologies, but
also need to decarbonize as a sector itself. Overall, efficiency and adopting ‘circular
economic thinking’ need to be applied across the board.
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Carbon management, including negative emissions technologies, needs to be
part of the decarbonization portfolio. This includes carbon dioxide removal
(CDR) via carbon capture and storage (CCS). CCS is crucial for decarbonizing
concentrated GHG emissions from industrial and power sectors, and can help
produce 'blue hydrogen', a low-carbon source of hydrogen to kick-start a hydrogen
economy. However, CDR also includes a wide range of natural and engineered
solutions for removing CO2 from the atmosphere. This already happens in
agriculture, forestry, and land use (AFOLU). Engineered solutions include CCS but
also direct air capture (DAC) to process atmospheric air and remove CO2. Hybrid
solutions also exist including enhanced soil carbon sequestration through cultivating
plants that store much more carbon for longer in their root systems, which can be
meaningful for the global net carbon balance. Bioenergy with CCS (BECCS) and
DAC are among the technologies that can provide net negative emissions, by
removing CO2 from the atmosphere, and storing it in underground geologic
formations, essentially permanently. Carbon management is a sector that critically
needs a carbon price to be economic, and thus investable.
There is a massive investment gap that must be closed to meet climate goals,
perhaps as much as $3-5+ trillion per year. Public sector investment is
crucial, but boosting private investment is critical too. Policy innovation as
well as financial innovation are needed to boost private financing for green
investments. Financing is particularly important as many green technologies
require large upfront capital costs versus low to zero (and even negative) marginal
costs. This may in fact be the first time there are both trillions of dollars of demand
for capital for green projects, as well as investor demand for green projects. There
is a growing pipeline of green projects that require investment, and a growing line of
investors looking to invest in broadly ESG-aligned opportunities.
Policymakers need to provide a stable, enabling policy environment, with
clear long-term targets providing policy certainty. This includes a clear green
framework, carbon prices and other fiscal measures, infrastructure investment that
supports renewables and EVs and a hydrogen economy, and overall
decarbonization technology research, development, and deployment (RD&D).
A clear green framework is essential for green finance to truly flow, and to
avoid 'greenwashing'. While this has been a sticking point, the world is now at a
critical point of convergence and maturation. Once the green framework matures,
this can dramatically catalyze private green investment, not unlike the way earlier
financial frameworks and accounting standards became part of mainstream finance.
A clear green framework involves taxonomies of climate-aligned activities, and
exists currently in the EU Taxonomy. Included are climate-related disclosures for
companies and financial institutions, notably the TCFD (Task Force on ClimateRelated Financial Disclosures) recommendations. Carbon accounting and
sustainability accounting principles for green financial instruments need further
development. Broad and credible data and metrics for legal and regulatory
compliance, as well as decision-making by investors, businesses, policymakers,
and consumers need further development.
Carbon prices are absolutely crucial to (1) accelerate decarbonization, (2) as
part of a suite of climate policies, and (3) to provide clear economic signals to
align investment and economic activity with climate goals. Putting a price on
carbon internalizes the externalities of climate change, and better aligns economic
decisions with climate goals. The good news is that carbon-pricing initiatives are
likely to be launched in more jurisdictions, cover more sectors, and push to higher
price levels. For some crucial parts of the decarbonization pathway, carbon prices
are essential, such as for CCS. For others, they greatly improve the
© 2021 Citigroup
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competitiveness of climate-aligned technologies, thereby accelerating the shift.
Carbon prices can provide clear climate benefits, while raising revenues for climate
spending, alongside a suite of policy tools supporting environmental justice for
vulnerable communities.
Good climate policy, including the above considerations, helps to boost the
returns and reduce the risks of green investments and green financing.
Further policy innovations can be focused on de-risking specific risks across the
green investment landscape. Financial innovation further helps to match capital
supply with project demand, and manage risks among economic actors, along the
whole pipeline from projects to primary and secondary markets.
This two volume report is divided into and four sections. Here is our roadmap.
Volume I – Catalyzing Private Capital for a Net Zero Emissions World
Section 1. The world is reaching a green tipping point focuses on governments
and policymakers. Chapter 1 looks at how global climate policy and regulations are
evolving. Chapter 2 looks at the green investment gap and how policies might
catalyze private green investment. Chapter 3 looks at post-COVID-19 economic
trends. Chapter 4 looks at economic and climate policy trends at a global level and
in selected countries and regions.
Section 2. How markets are evolving reviews the economic, policy, and
commodities market trends that help or hinder decarbonization efforts. Chapters 511 cover carbon pricing initiatives; the power sector including renewables; carbon
dioxide removal and carbon capture and storage; the emerging hydrogen economy;
sustainable transportation; the metals sector; and sustainable agriculture.
Section 3. Green momentum in the investor community looks at how green and
wider environmental, social, and governance (ESG) factors are becoming
mainstream in the financial sector. Chapter 12 looks at ESG trends in investment
management. Chapter 13 provides a view on sustainable investing from the
perspective of Citi Private Bank. Chapter 14 looks at the upcoming convergence
and maturation of a green framework for climate-aligned finance, including
taxonomies, disclosures, carbon/sustainability accounting, and data availability and
transparency. Chapter 15 discusses the challenges of greening the financial system
for central banks and financial regulators.
Volume II – Bridging the Gap between Green Investment and Investors
Section 4. Green financing options: from projects to primary and secondary
markets draws on the expertise of financial professionals across Citi to cover a
large part of the landscape of green finance. At the project level, this includes the
financing of green projects at the asset level, via project finance (Chapters 1 and 2),
venture capital (Chapter 3), and private equity. Efficiency investments can be
financed on the basis of a stream of future savings, including the “Efficiency as a
Service” model (Chapter 4). Development finance institutions (DFIs), export credit
agencies (ECAs), and multilateral institutions help to finance green investments
worldwide, including in developing countries (Chapter 5), helping to de-risk EMrelated risks, including sovereign, political, and currency risks. Financial institutions
and corporates can influence companies along the supply chain to decarbonize as
part of reducing Scope 3 emissions (Chapter 6). At the primary and secondary
market levels: green, social, and sustainability bonds are growing quickly, with KPIlinked bonds providing performance measures rather than use of proceeds criteria
(Chapter 7).
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Municipal bonds are typically climate-friendly even if they are not yet labelled as
'green' (Chapter 8) and are important for sustainable cities and infrastructure. On
the equities side, Special Purpose Acquisition Corporations (SPACs) have been
seeing a surge in interest in 2020, and provide an alternative path to traditional
IPOs for private companies looking to go public, and suit high growth companies
(Chapter 9). Overall, the green pipeline from private financing to public fixed income
markets continues to grow along with investor demand and facilitative policies
(Chapter 10), including in emerging markets (Chapter 11). Meanwhile, green
securitization remains in its infancy and should continue to grow, and as a sector is
important in pooling, re-bundling, and recycling capital such that many smaller,
fragmented green investments can reach the scale to meet large institutional
investors’ needs (Chapter 12).
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Introduction: Public and Private Climate
Finance in Context
In this report, we take a deeper dive into various parts of the landscape of
climate finance, starting from the project level, then moving to primary
markets, and then secondary markets. A high-level schematic is shown in Figure
1 to provide context — this section covers some, but not all, of the picture.
At the project/company/asset level, we look at project finance and infrastructure
finance in Chapters 1 and 2, with discussions of financing for emerging project
types beyond renewables, including efficiency, hydrogen, and carbon capture and
storage (CCS). We look at Efficiency as a Service (EaaS) models for financing
pools of efficiency investments in buildings in Chapter 4, with green interventions in
supply chain finance discussed in Chapter 6. Green venture capital in early stage
companies is discussed in Chapter 3, with an eye on impact investing and dual
bottom lines.
We touch on public sector climate finance in Chapter 5, where the Citi Export
Agency Finance (EAF) team discusses climate finance alongside export credit
agencies (ECAs), development finance institutions (DFIs), and multilateral
institutions.
At the primary market level, we look at the massive growth in green bonds and
KPI-linked bonds in Chapter 7, and the rise of SPACs in Chapter 9. U.S. municipal
bonds and their green credentials are discussed in Chapter 8.
Considering the pipeline of capital through to secondary markets, the growing
investor demand for green fixed income, and some of the key obstacles, is
discussed in Chapter 10, with a deeper focus on green bonds in emerging markets
in Chapter 11. The pooling, rebundling, and recycling of capital is touched on in
Chapter 12 on green securitization, in terms of mortgages and loans for green
buildings and vehicles.
Figure 1. Framing the Landscape of Public and Private Climate Finance

Source: UN IPCC 2018
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1. Financing Green Projects: Current Practices
and Recent Trends
Renewable Energy Investment: Continued Growth and
Innovation in Financing
2019 marked another year of strong performance for the renewable energy industry
after the success seen in 2018. In 2019, renewable energy accounted for more than
three-quarters of all new global power generation capacity at approximately 199.1
gigawatts (GW). Growth in renewables continues to be driven primarily by wind and
solar, with 60.9 GW of new wind capacity additions and 118.4 GW of new solar
capacity additions in 2019.

Alternative Energy Finance, BCMA
Marshal Salant
Pierre Steenblik
Gordon Ma

Despite the COVID-19 pandemic, Bloomberg New Energy Finance (BNEF) projects
we achieved strong year-over-year growth in renewables for 2020. Cumulative
installed capacity for wind is expected to have grown by 71.8 GW in 2020,
representing a ~18% increase from 2019; solar over the same period is expected to
have grown by 127.5 GW, representing a ~8% increase. Looking ahead, renewable
energy is expected to experience strong growth in the next decade and should
remain the largest segment of new global power generation investment, accounting
for over 71% of projected investments in new capacity from 2021 to 2030.
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Figure 2. Global Wind Annual Capacity Additions
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The renewable energy financing landscape has continued to evolve over the
last few years and strongly underpins growth in the sector. Financial
innovation and investor comfort in the technologies have led to reduced
financing costs and more efficient financing structures. As a result, wind and
solar are now competitive with other forms of generation in many parts of the world
and can compete on a level playing field without subsidies. Additionally,
technologies like offshore wind and energy storage are expected to achieve scale,
attract investors, and experience the same explosive growth as onshore wind and
solar in the short to medium term. Renewable energy is growing out of its teenage
years and is on the verge of full maturity. Clean, renewable, 'alternative energy' has
become mainstream.
It is important to remember that financing costs are particularly important to the
lifetime economics of renewable energy projects. The lifetime economics of fossil
fuel generation projects are critically dependent on the cost and price volatility of the
fuel burned in these projects to produce electricity (e.g., the price of coal or natural
gas).
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But renewable energy project economics are not critically dependent on 'fuel'
source costs because the projects don’t pay for sunlight or wind. Instead, the
lifetime economics of renewable energy projects are more dependent on the
upfront costs to needed build the project and the financing cost. Lowering
construction and financing costs is a key objective of the renewable energy industry.
Let's take some time to summarize some of the recent trends in the clean energy
markets.

A Maturing Financing Model: Recent Innovations in
Renewable Energy Finance
For utility-scale projects, a growing number of sponsors are bundling large
wind projects into portfolios for financing and asset sell-down purposes. This
practice has become popular due to the increased scale and diversification it
provides investors. Portfolio financings enable sponsors to reduce average
transaction costs per project by spreading legal, consulting, and advisory
costs across more projects. These portfolios have proven to be popular with large
institutional investors, who see their entrance into the market as opportunities for
them to deploy significant capital quickly. This in turn has enabled sponsors and
developers to sell down their positions and allows them to recycle capital into new
projects. Citi closed its first wind portfolio tax equity financing in December 2018,
and has since closed three additional wind portfolio tax equity financing
transactions.
The second trend within utility-scale financing involves a growing number of
repowering and retrofitting of old projects to take advantage of improved
technologies and larger and better wind turbines. There are also financing
benefits. For example, in the case of utility-scale wind, an eligible repowered
project could claim an additional 10 years of production tax credits.
Developers are increasingly looking towards repowering as a way to reuse existing
infrastructure, including land rights and transmission connections, while still being
able to claim additional tax credits before they sunset. According to BNEF, wind
repowerings are expected to involve as many as 30% of U.S. wind farms by the end
of 2020.
For the distributed generation and residential solar sector, solar third-party
ownership ('TPO') and loan and lease securitizations have become
increasingly popular financing tools. In the U.S. market, there are three primary
ways for a residential homeowner to finance a solar system: (1) ownership,
purchased with cash; (2) ownership, financed with a solar loan; and (3) a power
purchase agreement (PPA) or lease agreement with the solar developer (third-party
ownership or 'TPO'). In the residential solar market, the solar loan option has grown
in popularity in recent years and is expected to be a strong performer for U.S.
residential solar capacity additions in 2020.
Securitizations for pools of renewable assets have also increased in
popularity over the past few years. In a securitization, a solar company pools
together receivables (typically leases, PPAs, or loans) and borrows against
them. By doing so, it converts future payment streams into cash in the
present to pay for current installations. Companies securitize assets for many
reasons, including to achieve a lower cost of capital and to access a wider investor
base. Citi will commonly provide shorter-term warehouse financing to aggregate a
diverse pool of leases, PPAs, or loans, with the intent to securitize these assets in
the capital markets once a critical mass has been reached.
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Diversified pools of loans can now also be sold to sophisticated institutional
investors to raise capital for developers and specialty finance companies as an
alternative to an ABS financing (asset-backed security financing). See additional
commentary on green securitizations in Chapter 12.

Corporate Involvement on the Rise and the Influx of Institutional
Capital
Corporate involvement in the renewable energy space has dramatically increased in
recent years. Many corporations have publicly announced ambitious sustainability
targets, including carbon neutrality and sourcing 100% of their power from clean
energy projects. To achieve their targets, corporates are signing up for power
purchase agreements (PPAs), hedges, and other forms of offtake agreements
with renewable energy projects.
According to BNEF, corporations bought 18.7 GW of renewable energy in 2019
through PPAs, up more than 45% from the previous year. The majority of this
purchasing occurred in the U.S., but also underpinning the strong uptrend is a surge
in corporate sustainability commitments around the world. Technology companies
were the biggest buyers in the corporate PPA market, led by Google and its
commitment to purchase over 2.7 GW of clean power. Some of the other large
buyers were Facebook and its deals for a combined 1.1 GW of power, followed by
Amazon and Microsoft with contracts for 900 MW and 800 MW, respectively.
Corporate PPA volumes for 2020 are projected to have decreased due to the
COVID-19 pandemic, with firms hesitant to make large commitments and
expenditures amid business uncertainty.
Figure 4. Global Corporate Renewable Energy PPA Volumes
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By contracting with renewable energy projects, corporates increase the
demand for renewable energy capacity additions and enable more projects to
get long-term financing. This is particularly true in the U.S., as lenders and tax
equity providers generally require a significant portion of the project’s cash flows to
be contracted (typically under a PPA or commodity hedge) to provide long-term
financing.
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Increased Investor Focus on Green Assets
In addition to high corporate demand, the renewables sector is seeing several
new sources of capital, including global infrastructure funds acquiring
pipelines of renewable assets; global oil and gas companies seeking to
improve their environmental footprints; and institutional investors with ESG
investing objectives aiming to improve their ESG scores and take advantage
of the expiring tax credits. In 2019, U.S. investment into renewables totaled $55.5
billion of which the vast majority flowed to onshore wind, solar, and other power
generation projects. With a growing body of research correlating climate-resilient
assets to financial performance, ESG and impact investing is galvanizing investors
to finance low-carbon technologies.
The influx of institutional capital is occurring simultaneously with record
levels of global demand for investments in the green space. The challenge
lies in matching an unprecedented amount of dry finance powder with a
diverse set of investment opportunities. Innovations in financing structures
such as asset-backed securitizations form the instruments through which
investors can deploy a significant amount of capital into the sector. Rating
agencies also fulfill an important role, educating investors and sending market
signals by issuing credit ratings and methodologies for rating renewable
technologies. For example, rating agencies have historically developed
methodologies for wind and solar to achieve an investment grade credit rating on
project bonds, unlocking huge pools of debt investors and contributing to the
meteoric growth in these technologies. On the other hand, technologies such as
biomass, biodiesel and fuel cells have been relatively starved for capital. This is
because rating agencies typically rate renewable energy projects employing proven
technology with substantial commercial operating experience. Ratable projects also
typically benefit from long-term power purchase agreements with investment-grade
counterparties, which substantially mitigate price risk. Newer technologies may face
unstable production and unpredictable costs among other indicators, making it
difficult to procure long-term PPAs.

Offshore Wind
The offshore wind industry is in its nascent phase in the U.S., but has seen
notable acceleration in recent years. The current offshore wind pipeline in the
U.S. has grown to more than 25 GW, with more than 21 GW with exclusive site
control. Several projects have already secured offtake agreements with local
utilities.
As of today, the U.S. offshore wind industry is much smaller than its European or
Asian counterparts, with the only project in operation being the 30 MW Block Island
Wind Farm, which Citi provided financing for. Nonetheless, developers see great
potential in the U.S. offshore wind industry, notably on the northeastern seaboard.
Offshore wind is an attractive commercial opportunity due to its higher wind
resource (compared to onshore wind) and its ability to provide significant renewable
energy capacity to high-population coastal load centers. The merger & acquisition
(M&A) landscape in U.S. offshore wind was very active in 2019, including several
joint ventures being formed between developers. Many of the developers looking to
bring these projects to completion are large European companies with prior offshore
wind experience in Europe and Asia.
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The investment and development pipeline for near-term projects is
significant. 6.1 GW of offshore wind capacity was added to the mix in 2019,
representing a 35.5% increase over the previous year, during which 4.5 GW of
capacity were installed. BNEF predicts that as much as 69 GW of offshore
wind capacity could be installed globally by 2024. Future North American
offshore wind may someday include five markets including the Atlantic Coast, Gulf
coast, Pacific coast, Great Lakes, and other areas (Alaska, Hawaii, Puerto Rico,
and the Virgin Islands).
Rapid cost declines are projected to propel offshore wind from a niche
technology to a serious contender in the market. A number of factors have
contributed to rapid cost declines.
 Larger turbines: Just like in onshore wind, larger turbines need fewer

foundations, less cabling, and fewer parts to install and maintain. Fewer turbines
make for better park layouts with respect to wind direction and ground conditions
and significantly reduce operation and maintenance cost, which is a per-turbine
rather than per-megawatt expense
 Project scale: Economies of scale start to materialize in parks larger than 300

MW. Savings come from using existing port infrastructure, a detailed knowledge
of ground conditions, and other factors
 Growing supply chain and developer experience: Developers are beginning

to streamline projects as they get more experience – more efficient installation
practices, optimized marine logistics, and a clearer understanding of supply
chain’s abilities and offerings
 Competitive auctions: Developers in the most active offshore wind markets –

including Europe, Taiwan and the US – now compete on price in order to secure
contracts. This trend is expected to continue as governments seek to reduce
contract prices, future liabilities, and the cost to consumers
 Policy design and project scope: Governments are starting to take a larger,

active role in the project scope of their countries’ domestic offshore wind markets
Floating wind technology, or wind turbines on floating foundations, will
unlock new offshore wind markets and enlarge existing ones. Conventional,
seabed-fixed turbines are capped to depths of 50-60 meters, whereas floating
turbines could sit in waters over 1,000 meters deep. Floating wind turbines will also
typically sit further from shore than bottom-fixed ones. For now, the floating sector is
still in its infancy, with only a few prototype projects online. This technology could be
crucial to the development of the Pacific coast offshore wind market.
Offshore wind holds much promise for the future. However, developers still
need to overcome certain obstacles, including: the need for huge amounts of
capital to construct multi-billion dollar projects (including tax equity), the need
for more infrastructure to support construction and transmission, and the lack of
certain equipment (such as 'jack-up boats') dedicated to the North American
offshore wind market.

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

Energy Storage
Storage is seen as a necessary addition to the electric grid in order to enable
a higher penetration of renewable energy. Energy storage is a broad term that
encompasses many different technologies, including flow batteries, lead-carbon,
sodium-sulfur, and compressed-air energy storage, to name a few. Storage has
many potential benefits to the electric grid by smoothing out the intermittency in
production of renewable energy and reducing load stress on the transmission grid.
BNEF projects total energy storage build to increase significantly, reaching a
cumulative power capacity of 1,293 GW by 2050. Around 57% of that capacity, or
658 GW, is derived from utility-scale batteries, which shift energy to help with the
integration of renewables, as well as providing peaking services. The remaining 495
GW are derived from small-scale batteries, which households and businesses
install alongside behind-the-meter photovoltaic (PV) systems. In the future, many
residential rooftop PV solar power systems will include battery storage to provide
solar power after sunset. Some of this capacity is also used for peak-load
management in the commercial and industrial sector.
Despite the wide range of options available, the market has so far converged
around lithium-ion technology. No other storage technology benefits to the same
extent from the ramp-up in research and development, and manufacturing capacity
of lithium-ion for electric vehicles has helped to drive down costs. According to
BNEF, the price of lithium-ion battery packs fell 85% from 2010 to 2018 with a
current weighted average price of approximately $176/kWh.
Today, most lithium-ion battery storage projects are built alongside renewable
or fossil fuel technologies as hybrid projects. The U.S. Energy Information
Administration (EIA) reported that by the end of 2019, approximately 125 hybrids
had been installed, representing 13.4 GW of generating capacity and 0.9 GW of
storage capacity. Battery storage projects produce a blend of value streams,
including energy arbitrage, capacity, and other ancillary services. These value
streams can be quantified and converted to a fixed PPA price, given a set of
operating assumptions. Battery storage projects may also be eligible for tax credits
depending on guidelines surrounding the proportion of time through which a battery
is charged by a renewable resource. Long-term contracted revenues and tax
incentives allow battery storage projects to procure debt and tax equity financing
similar to that of wind and solar.
For developers and financiers, operational considerations for battery storage
projects can be complex and have a significant impact on project economics.
For example, batteries lose storage capacity, or the amount of energy that can be
withdrawn from a fully charged state, through a process called degradation. A
battery with degraded storage capacity may be limited in its ability to provide
capacity firming and other ancillary services. Degradation rates may change based
on how the battery is operated and require close monitoring of certain operational
parameters. Another consideration for developers and financiers relates to how
battery capacity is replenished over time, as augmentations require either additional
upfront or ongoing investment into the project.
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From a bankability perspective, another key consideration for energy storage
projects is the credit quality of the servicer counterparty backstopping the
project’s performance risks over time. Especially for an emerging technology
such as battery-storage, lenders and investors will scrutinize a project’s
performance risk over time (including degradation and cycle count) to a high degree
and projects that use high quality operations and maintenance (O&M) /
augmentation service providers with an established track record and strong credit
quality can help give comfort to lenders.
Looking ahead, a significant proportion of battery storage systems are
projected to be built alongside solar. The Lawrence Berkeley National Laboratory
found in a 2020 study that 27.7% of all solar projects proposed for interconnection
to the U.S. grid in 2019 were hybrid battery storage projects, compared to 4.8% for
wind. Batteries provide significant benefits to solar generation, particularly for
firming up capacity. California’s 'duck curve' is an ideal example, as solar energy
floods the grid during the day but provides insufficient capacity at night.
The largest disadvantage of lithium-ion batteries is their inability to provide
long-duration energy storage, with storage durations generally limited to 4-8
hours. While this can help smooth daily fluctuations in renewable energy
generation, they do not yet have the capacity to meet long-duration storage needs,
such as during events that take out generation for days or weeks. Technological
innovation producing long-duration energy storage may improve the economics for
both hybrid and stand-alone storage projects going forward.
Investors are keenly trying to get exposure to energy storage, as they see it
as a critical piece in a low-carbon energy system. Wind or solar projects can
be paired with storage to either provide capacity and ancillary services to
grids or utilities, or to arbitrage energy markets. Utilities and municipalities are
also looking to battery and other forms of energy storage as a substitute for new
gas peaker plants, and as a more cost-effective way of reducing local congestion on
grids than large-scale and costly transmission projects.

Beyond Net-Zero: Negative Emissions and New
Sustainability Solutions
Renewable energy has made significant strides in the past decade. Progress
towards a sustainable energy mix is both meaningful and well documented.
However, most policy experts and climate scientists believe that high levels of
renewable penetration alone (including grid enabling technologies such as
energy storage) will not be enough to meet the most aggressive climate
goals. As a result, many are turning to new forms of sustainability solutions,
with carbon capture, energy efficiency, and hydrogen topping the list. These
solutions would complement a transition to a carbon-free power grid, and help to
decarbonize hard to abate sectors, including heavy industry, air transport, and other
sectors where electrification is not a viable alternative.

Carbon Capture and Storage
Carbon capture and storage, also called carbon capture and sequestration, or
'CCS', is a process that involves capturing carbon dioxide from point sources or the
ambient air and sequestering it in a location where it will not be released into the
atmosphere. The most common storage sites include underground geological
reservoirs or other organic materials. This section will focus on carbon capture and
storage, distinct from carbon capture and utilization, or 'CCU', which will be
discussed in the following section.
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Broadly speaking there are two types of carbon capture technology. 'Point
source' refers to capturing CO2 where it is originated, often from waste
streams produced by power generation or other industrial processes. 'Direct
air capture' removes CO2 directly from the ambient air. While carbon capture
technology as a whole has not reached scale and widespread deployment, the vast
majority of carbon capture technology deployed today is captured as point source,
while direct air technology is only deployed in a handful of locations.
A power plant equipped with point source carbon capture technology could
reduce its CO2 emissions by approximately 80-90% compared to a plant
without the technology. Existing thermal generation may be able to extend its
useful life and keep pace with increasingly stringent environmental regulations by
retrofitting with carbon capture technology. Similarly, new thermal generation may
consider incorporating the technology during initial construction.
Direct air capture technology has yet to be proven out, as costs can be
severely prohibiting. Fans that are about half the size of a tennis court pull
ambient air into containers, where a chemical process filters and processes the air
into a transportable carbon dioxide solution. Because CO2 concentrations are much
higher at the source of production compared to the ambient air, point source carbon
capture tends to be more efficient than direct air capture.
Many natural solutions also exist to sequester carbon directly from the air,
primarily in the forestry and agricultural sectors. These include in forestry the
sustainable management of tropical forests, temperate forests, and afforestation; in
agriculture, silvopasture and regenerative agriculture. These solutions rely on the
natural absorption of carbon from forest ecosystems and plant material to offset
current emissions and draw down accumulated emissions from prior years. This
absorption and sequestration potential has historically been hindered due to
deforestation and depletion of biodiversity, and scaling up these natural solutions
could materially reduce accumulated CO2 levels in the atmosphere.
While the methods for sequestering carbon from the atmosphere may differ, the end
goal is the same. Almost every model used by the Intergovernmental Panel on
Climate Change (IPCC) shows that simply reaching 'net neutral' emissions is
insufficient for the planet to avoid an adverse climate scenario. As global carbon
emissions continue to rise and hundreds of gigatons of emissions are on the way
from fossil fuels, CCS will have to play a critical offsetting role by burying gigatons
of CO2 and creating so-called 'negative emissions'.
The U.S. in particular is primed to reduce its carbon footprint by using CCS
methods. The power sector alone accounts for approximately 28% of the
country’s GHG emissions. Though renewable energy and other low-carbon
sources are projected to grow significantly in the coming decades, about half of all
generation capacity is still likely to come from unabated fossil fuel power. Gas fleets
are young and growing, and retiring nuclear, which provides more than 60% of
carbon-free power, will probably be replaced only by partially zero-carbon
resources. Retrofitting CCS technology onto fossil fuel generation is one potential
way of reducing the power sector’s carbon footprint, at least in the interim as
baseload fossil fuel generation compensates for higher renewables penetration.
The second major opportunity for CCS lies in its applications for the U.S.
industrial sector, which accounts for approximately 22% of total emissions.
Cement and steel production are large CO2 emitters, as well as natural gas
processing, and synthetic fuel production. CCS attached to chemical production
facilities could be another place for CCS growth.
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Carbon Capture and Utilization
Though it’s not commonly thought about, carbon dioxide is a commodity with
some value. It is used, both directly and as a feedstock, by a range of
industries including cement and concrete, fertilizers, beverages, and many
others. Using captured CO2 in these processes would either recycle or even
sequester carbon in long-lasting materials and building products.
The advantages of CCU are two-fold. First, it could reduce CO2 emissions, in
part by sequestering some carbon permanently in durable products and in
part by substituting for carbon-intensive processes, thus avoiding emissions
that would have otherwise occurred. Nevertheless, CCU will likely not reduce
enough CO2 to avoid the need for CCS (e.g., burying carbon). The tonnage of CO2
humanity emits is simply far greater than the tonnage of carbon-based products it
consumes. In most cases, CCU will be best analogized to carbon recycling —
where CO2 emissions are effectively deferred into the future. For example, CO2 may
be captured from the air and converted into a synthetic fuel. Once the fuel is
burned, CO2 is released back into the atmosphere.
The second advantage of CCU technology is that demand for CO2 driven by
CCU could provide an early market pull for carbon capture as a whole, helping
to get the technology scaled up and its costs pushed down. As was the case with
wind and solar, once the economics are more reasonable, power producers,
industrial companies, and corporates looking to offset their emissions will be much
more likely to adopt carbon capture technology.
The most common use of carbon dioxide today is for enhanced oil recovery,
where CO2 is injected into oil-bearing reservoirs to enhance oil recovery
rates. Increasing oil production this way is a standard, mature, and routine global
operation. CO2 can also be permanently sequestered in geological formations in
concert with enhanced oil recovery, though this has not yet become the standard.
CO2 can also be used (directly) to carbonate beverages or transformed, via a wide
variety of chemical processes, into materials or feedstocks. These may include
concrete, liquid fuels, fertilizer, baking soda, and other materials. Of the various
categories of CCU, only construction materials can claim to sequester CO2 semipermanently. For example, CO2 can be chemically bonded within concrete, which
can last up to a century.

Energy Efficiency
Energy efficiency is not one technology; it is a bucket including any
technology, building technique, market incentive structure, or other process
through which energy and electricity demand is reduced for the same amount
of output. This bucket includes load shifting (reducing peak electricity demand),
improving building insulation and lighting, more efficient home appliances, more
efficient HVAC systems, and more efficient vehicles. Energy efficiency is one of the
most effective ways to mitigate emissions by reducing the amount of fossil fuels
(and therefore emissions) needed to power the global economy.
The energy efficiency/home improvement consumer lending space has
experienced significant growth in the past decade. Energy efficiency/home
improvement products include loans and retail installment contracts to finance the
installation of eligible home improvements, with the primary use of proceeds being
improvements that reduce the homeowner’s energy usage. An eligible improvement
may include improvements to a building’s heating, ventilation, and air conditioning
(HVAC), doors, windows, roofing, electric systems, water heaters, and other
innovative technologies.
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These products form a critical piece of home infrastructure, provide essential
services to customers (e.g., hot water, heating, cooling, etc.) and generally improve
savings for the customer. Energy efficiency finance products are particularly
relevant to the 'MUSH' market, including municipal and state government-owned
buildings, universities and colleges, schools, and hospitals. These buildings are
often old, drafty and would benefit the most from energy efficiency-related
improvements.
Citi is a leader in energy efficiency/home improvement financing. Similar to
financing for the distributed generation and residential solar sector, Citi can provide
aggregation facilities in the form of a warehouse to collect a diverse pool of energy
efficiency/home improvement leases or loans and subsequently access the capital
markets through an asset-backed securitization. Rating agencies have developed
methodologies for rating these term issuances, utilizing analysis of the underlying
collateral pool and historical performance of static pool data (e.g., losses and
delinquencies) among other factors.
Corporations are also increasingly looking for energy efficiency solutions to reduce
their energy consumption. A wide range of financings including certain off balance
sheet structures are being utilized to facilitate corporate energy efficiency projects.
New structures are being developed and utilized in the structured finance markets
to help corporations reduce energy consumption.

Hydrogen
As renewable energy becomes commonplace, and as carbon capture gears up to
meet growing demand from corporate sustainability goals and demands from the
industrial sector, many other promising solutions are still only at very early stages.
These technologies could have material impacts on decarbonizing the global
economy, but require innovations in public policy support and financing structures to
unlock capital and promote widespread adoption. Hydrogen is one of those
technologies.
Hydrogen, and the use of the hydrogen molecule in energy and industrial
applications, has significant potential in a decarbonized world. Most notably,
hydrogen provides a path to decarbonization for the hardest sectors,
including heavy transport, heavy industry, and long-term energy storage.
Hydrogen can be produced either through electrolysis using clean energy (green
hydrogen) or using natural gas or coal (gray or brown hydrogen), potentially
outfitted with CCS (blue hydrogen). Once produced, hydrogen can be stored for
long periods of time and combusted for energy production or for use as a heat
catalyst in industrial processes (steel, cement, etc.). Furthermore, the only
byproducts of hydrogen combustion are water and oxygen, resulting in a zeroemission power source if originally produced through electrolysis with renewable
energy.
So far, the major hurdle has been the high cost of green hydrogen as
compared to gray hydrogen. With the right policy support and with new
announcements from corporates to kick-start demand, costs could fall rapidly as
scale is reached. Water can also be a scarce resource for certain regions in the
world, posing a supply challenge for the production of green hydrogen. Electrolysis
of seawater is a potential solution that could provide a new boost for hydrogen as
an energy source.
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Scaling the Next Wave of Sustainable Solutions
Once again, the experience and life cycle of wind and solar reveal a lot about what
is needed on the policy and financing front to help scale new sustainable solutions.
In many cases, the positive benefit from these solutions (reduction in GHG
emissions) is spread across society, and currently does not have a direct monetary
incentive. Various policy methods would help to change this and unlock a treasure
trove of capital looking for sustainable investments, including CCUS, energy
efficiency, and hydrogen.

Required Policy Support
Policymakers have multiple policy options to choose from in promoting clean energy
and sustainable solutions. Many economists point first and foremost to a carbon
price, where the negative externalities of emissions are priced in and that cost is
forced to be borne by polluters. Other policy options include mandates, standards,
tax incentives, public financing support, and changes to utility processes. Each of
these options entails certain pros and cons, and can be more or less efficient in
reaching climate goals depending on the situation.
Alongside state policy, federal tax incentives have been the primary policy
driver for the growth of wind, solar, and other renewables during the past
decade. These incentives include the tax credits, such as the investment tax credit
(ITC) and the production tax credit (PTC), as well as tax benefits due to accelerated
depreciation. The tax credits are only effective if value can be derived from them by
some entity.
Given that most project owners do not have enough tax liability to monetize
the tax credits, and carrying forward tax credits will result in a significant loss
in project economics, project owners rely on partnering with tax equity
investors. Given the economic downturn due to COVID-19, there are significant
concerns within the renewable energy industry that the supply of tax equity will
decrease due to cuts in corporate profits and reductions in taxes owed by tax equity
providers. Several developers, particularly small developers, may be unable to
procure tax equity financing for their renewable energy projects.
One way to capture the full value of the tax credits without having to carry
forward value or share value with the tax equity market is to make the credits
refundable, either through a direct payment, a cash grant or as a refundable
tax credit. Refundability is not a new idea. In 2009, Congress enacted a provision
under Section 1603 of the American Recovery and Reinvestment Act whereby
energy projects could receive a 30 percent cash grant from the Department of
Treasury instead of the PTC or the ITC. Refundability would enable more
developers to utilize the tax benefits themselves so they would not require tax
equity from third party tax equity investors. It would also increase the number of tax
equity investors and increase the pool of tax equity dollars that can be invested by
making it easier for the tax equity investor to monetize the tax benefits.
Refundability, along with an extension of the tax credits and their expansion to
energy storage, CCUS, and other renewable technologies is crucial for the
continued growth in the renewables industry.
Among other policy options, a carbon price is seen as the most efficient and the
most flexible in incentivizing sustainable practices. This tool would materially shift
the economics of clean technologies that either avoid emissions (and don’t pay the
carbon price) or reduce emissions (and could earn revenues from doing so).
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This would most notably apply to CCUS and energy efficiency, as these would
directly help reduce costs for producers and consumers, and would incentivize more
efficient uses of energy or deployment of clean alternatives. With a carbon price,
electricity (from fossil fuels) and energy costs would rise; the avoided cost of energy
efficiency would therefore rise in unison. A carbon price would also help the
production of green hydrogen for use in hard to abate sectors that require industrial
process heat, but where hydrogen produced from electricity is not yet costcompetitive.
Mandates and standards, while not as cost-efficient as a carbon price, can
have a material impact in promoting sustainable solutions. They can be
particularly effective in sectors in which it is harder to calculate project
specific emissions (agriculture, buildings), and where promoting or requiring
more sustainable practices early on (such as building codes) can have a large
impact on what investments are made. This is most notable for energy efficiency
solutions, where standards for buildings, home appliances, and vehicles can
materially shift how companies in those sectors design their products. This can also
be a strong driver for hydrogen, by requiring that natural gas be blended with green
hydrogen so as to stimulate demand for the clean fuel. Lastly, mandates have been
extremely effective in the power generation space by creating forced and visible
demand for clean sources of energy; this is leading to a surge in renewable energy
deployment, and arguably has the potential to do the same with CCUS.
Tax incentives and public financing support are two policies through which
the government helps to de-risk a project, either through reduced financing
cost (loan guarantees, etc.) or through providing additional economic value
that can be monetized (tax credits). These are particularly effective at
promoting investment in large infrastructure projects — such as CCUS and
hydrogen — where the initial risk profile is too large for the projected return. A
combination of federal green bank, state, and state green bank government policy
could help incentivize the growth of clean energy. Under the Biden administration,
the federal government may dramatically increase the procurement of renewable
energy for federal installations and purposes.

Regulatory Obstacles and 45Q
Section 45Q of the Tax Code provides for tax credits for CCUS to attempt to
increase the economic value of such projects; this tax credit has historically
been underutilized. CCS is currently deployed in only a handful of locations, but
may expand given proper regulatory policy and guidance. The technology is proven
and well understood — in 2019, more than 25 million tons of CO2 from the power
and industrial sectors were permanently stored using CCS technology. The main
obstacles to widespread adoption are the project costs and the underlying
economics. The practice of capturing and storing carbon dioxide by itself yields no
economic benefit to the user of the technology. This is because the market does not
price in the negative impact on the environment caused by carbon dioxide
emissions. If such an externality were to be taken into account through the use of
stricter environmental regulations, a carbon price, or other tax-driven incentives, the
government could effectively attract further investment in the space.
In February 2020, the IRS released its first stage of guidance on the framework for
Section 45Q, in the form of Revenue Procedure 2020-12 and Notice 2020-12. In
June 2020, the Treasury Department and the IRS released further regulations on
the Section 45Q tax credit.
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Investors may claim a tax credit for the capture of “qualified carbon oxide”
from industrial facilities — including qualified power plants — that are built by
January 2024. The credit can be claimed for 12 years from the date the carbon
sequestration equipment is placed in service, and ranges from $10 to $50 per
metric ton, depending on what is done with the captured carbon dioxide at the
date when the operations begin. The IRS recommends the tax credit investments
be structured in the form of a partnership flip — similar to wind project financings
based on the production tax credit — and the approval of a six-year safe harbor
period, two years more than the equivalent period for wind and solar projects.
Additionally, under the new rules for carbon capture, tax equity investors can fund
up to half of their investment on a ‘pay as you go’ basis, as opposed to just a
quarter for wind projects. This allows investors to adjust subsequent investments
depending on project performance, e.g., how much carbon is captured. The new
regulations issued in June 2020 provide several additional clarifications, including
how to timely begin construction of a project, how to contract for carbon oxide
sequestration, acceptable carbon oxide storage standards, and so on.
The primary issues that would still benefit from further guidance are
regarding the qualification for, and recapture of, Section 45Q credits.
Nonetheless, the proposed regulations, together with IRS guidance issued earlier in
2020 may be sufficient for the first set of investments to come to fruition this year.
Owners of ethanol plants in the Midwest are likely to be the first movers, since the
plants are already built and located near geological formations favorable for carbon
capture. Oil and gas companies are also likely to move quickly, particularly in the
shale oil regions in North Dakota and Texas.

Financing the Solutions of Tomorrow
Strong and reliable policy support can grow demand and enable sustainable
solutions to reach scale faster. This would unlock the tremendous amounts of
capital looking to be deployed in sustainable investments. The influx of
institutional capital in the wind and solar markets, and the significant compression in
yields due to that influx, show the pent up demand awaiting more opportunities for
investment. Yet many risk adverse investors require a long-term policy strategy and
demand outlook prior to making investments. Many investors are also unwilling to
take on the risks associated with financing newer technologies, or may require a
rate of return that translates to a prohibitively high cost of capital. Newer
technologies by definition lack operational history that investors can use to get
comfortable with the technology. Additionally, several waves of financing may be
required for newer technologies to benefit from learning curves, economies of scale,
and lowered costs associated with mature technologies.
So far, CCUS projects are being looked at as project financing structures,
notably when paired with a power generation plant or an industrial plant. The
CCUS technology could either be included as part of the broader plant financing, or
be financed separately with revenue contracts signed with the underlying plants.
Both methods, coupled with the 45Q tax credits, would lead to project finance
structures being the most efficient. As discussed above, 45Q has so far been a
difficult sell for tax equity investors due to the lack of guidance on tax-related
matters.
Other types of carbon capture, such as direct air capture or natural solutions,
may not be as easy to finance as it may be harder to precisely calculate the
amount of CO2 sequestered. If state or federal government agencies provide a
framework for estimating and recompensing the amount of CO2 sequestered from
such projects, then project financing would likely become available.
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Hydrogen would also most likely be suited for project financing structures.
The high upfront cost of a hydrogen production facility, a hydrogen pipeline,
or a fuel cell or combustion facility would likely result in economics not
dissimilar from those of natural gas, biofuels, or other commodity outputs
from industrial processes. It is likely the hydrogen sector would split into two:
hydrogen for power production, and hydrogen for heat in industrial
processes. The former would result in similar revenue structures as natural gas:
long-term contracts for fuel supply (electricity for electrolysis) and matching longterm offtake contracts or commodity hedges. As such, typical project finance
structures such as project bank debt, project bonds, tax equity (if tax credits are
available), and others would best match the financial characteristics of hydrogen
projects.
Due to the wide range of solutions within the energy efficiency bucket, it is
hard to pinpoint one financing structure as a best fit. For residential energy
efficiency projects such as home insulation, electric boilers, and smart home
systems, the financing structure is already proven out in the form of
securitized consumer loans and leases. For larger projects, such as in the case
of energy efficiency improvements in commercial buildings, commercial real estate
financing may be best suited for on-balance sheet upgrades. One notable
innovation for off-balance sheet upgrades has been the Energy Savings Agreement;
this contract provides for financing of upfront cost by the developer, who then is
repaid over time through part of the savings of the owner. This type of long-term
contract with stable revenues may one day open the door for pooling of such
contracts to raise securitization financing.

Corporate Involvement and Procurement
Just as corporates helped to drive adoption and deployment of wind and
solar technologies, corporates have a large role to play in driving demand for
new solutions such as CCS, hydrogen, and energy efficiency. Over the last
decade, corporates — notably technology and telecoms companies — were
early adopters of renewable technologies and early innovators in signing
PPAs that provided clear demand to project developers. The same is starting
to happen with CCS, with recent announcements from some corporates looking to
go beyond net-neutral on carbon, with promises to sequester CO2 already in the
atmosphere. While the technologies for doing so are not at scale, these
announcements with clear timelines provide visibility of demand for developers and
solution providers to attract more capital and scale up.
Corporates in hard to decarbonize sectors also have a big part to play in driving
forward solutions that could help them meet their own sustainability goals. Airlines
are increasingly looking at reliable carbon offset solutions such as forestry solutions.
Steel and cement manufacturers are pledging to switch to heat from hydrogen
instead of fossil fuels. Oil and gas majors are searching for new, cleaner investment
opportunities.
As we are seeing today, corporates can be a powerful force to provide visible
demand for sustainable technologies, whether to meet general sustainability goals
or to actually reduce the impact of a company’s operations. Demand can be
magnified if policy incentives provide corporates and investors with opportunities to
match sustainability goals with investment opportunities. If credit-worthy
corporations will sign contracts to purchase power or synthetic fuel or other output
from green projects, the project developers can then obtain financing and raise
money to build the projects.
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A Pathway Forward
Continued progress in renewable energy expansion and development of new
sustainable solutions are reasons to be optimistic about the future of the
planet. However, many barriers still remain that limit the ability for investment
and financing to bring certain technologies to scale. As demand from voters,
consumers, investors, corporates and experts grows for governments to act on the
issue of climate change, these governments will be faced with the issue of how to
help accelerate the energy transition with the least costs. Many policy options exist,
each using different mechanisms that utilize financial incentives and penalties.
These policies would help to provide stable, long-term frameworks around
which public and private actors can make investment decisions. This would in
turn help to better reflect the value of clean technologies that have reached scale,
and de-risk many emerging technologies. With such a framework of policy support
in place, these sustainable solutions would be ripe for investment and growth. The
recent Biden victory in the U.S. means we should expect to see various new
climate-friendly policies and pronouncements emanating from the federal
government. Given COVID-19-related state, local, and federal deficit spending, it
will be a challenge for governments to pay for all the new renewable energy. The
key will be to enact government policies that also promote private sector investment
into new and expanded clean energy projects.
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2. Trends in Utility-Scale Renewable Energy
Project Finance
Project and Infrastructure Finance,
BCMA
Vincent Moeneclaey
Jonathan Tsang
Dylan Minto
With special thanks to:
Nasser Malik

From the outset, Citi played a pivotal role in opening up the renewable energy
financing market, leading the $1.43 billion non-recourse financing for the 845
MW Caithness Shepherds Flat wind project in 2010. The construction financing
for the project priced at 300 basis points (bps) over LIBOR and since then, pricing
for non-recourse construction loans for renewables has continued to tighten to
margins below 100bps, an impressive decline enabling sponsors to raise debt
capital at increasingly competitive terms. The significant reduction in pricing for
renewables financing illustrates lenders’ increasing comfort with various
technologies, offtake profiles, and idiosyncratic risks associated with the industry.
This trend is further reinforced as the energy transition to renewables advances,
levelized cost of generation continues to decrease, and more technologies become
competitive and broadly adopted by consumers, utilities, and commercial and
industrial businesses.

Stuart Murray
Chris Simon

Despite the effects of COVID-19, the debt markets have remained a reliable
home for utility-scale renewable energy project financings. In particular, the
bank market demonstrated an ever-growing appetite for greenfield renewable
assets. According to project finance league tables tracker IJ Global, there has been
3.5 GW of greenfield renewable energy projects financed in the bank market
between mid-March to late October of 2020 in North America alone. These
transactions amount to a total of $4.11 billion in debt financing across a wide range
of projects in the onshore wind, photovoltaics, and battery-storage space. At the
onset of COVID-19, the bank market saw a widening of spreads largely due to
increased capital costs for lending, but over time spreads have started to normalize
and are now at pre-COVID-19 levels again.
Citi remains a leader in the financing of sustainable energy projects and can
provide the full spectrum of financing alternatives to its clients, ranging from
arranging bank facilities to structuring/placing capital market solutions (e.g.
in the 4(a)(2) private placement market). In March 2020, during unprecedented
market uncertainty, Citi successfully priced a private placement to finance John
Hancock’s minority interest in ExGen Renewable Partners, a 1.4 GW portfolio
comprised of 30 wind and solar assets across 13 U.S. states. The transaction
priced in early March and notwithstanding the unprecedented market volatility, the
issuance was ~1.5x oversubscribed and priced inside of guidance, demonstrating
the stability of the private placement market and unwavering appetite for renewable
energy credits.
Since March 2020, Citi has closed $1.4 billion of construction bank financings for
nearly 1 GW of onshore renewable projects, including Terra-Gen SoCal Wind,
sPower Highlander Solar, and SoftBank Energy Juno. These projects have a
diverse range of offtakers, including blue chip technology companies, utilities, and
even traditional fossil fuel companies. Despite a heightened risk of construction
delays and equipment supply delays due to the pandemic, these transactions were
able to successfully close and fund on schedule, thus showing that in uncertain
conditions, the bank market for renewables remains open.
Sponsors also sought to maximize value to investors and lenders through
innovative financing structures. One example of such a financing structure is
the Back-leverage Acquisition Financing and Equity Margin Loan structure
pioneered by Citi and NextEra Energy Partners (NEP) in conjunction with
Blackrock in 2018 and KKR in 2019.
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This form of hybrid capital enabled NEP to achieve high-content (non-dilutive) rating
agency credit, which entailed a concurrent back-leverage project finance loan for
BlackRock and KKR (to acquire a portion of a designated renewable energy
portfolio developed by NextEra) and a concurrently closed forward margin share
loan. This deal was significant in terms of its innovative structure and the value it
provided to NextEra, BlackRock, and KKR, resulting in an accretive solution for
NextEra and an attractive investment for BlackRock and KKR. This transaction
allowed Blackrock and KKR to acquire 1.4 GW and 1.2 GW of wind and solar
assets, respectively.
Apart from renewable energy generation, there has also been an increased
demand for built infrastructure with sustainable features. One such example
is the Climate Pledge Arena in Seattle, which will act as an entertainment hub for
the Pacific Northwest. The arena will be the first zero-net carbon certified arena
powered by 100% renewable energy, generate zero waste from operations, and will
use reclaimed rainwater to create the ice surface for hockey games. Citi acted as
Joint Lead Arranger for the $500 million construction loan for the project.

Looking Beyond Traditional Power Purchase Agreements
When renewable projects were first financed in the early 2010s, debt
providers only gave credit to contracted revenues under traditional Power
Purchasing Agreements (PPAs) in their debt sizing. In light of an
exponentially growing pipeline of new renewables projects and increasing
scarcity of 'traditional' bus-bar PPAs with utilities, developers have turned to
a combination of various offtake strategies to provide revenue certainty and
visibility to support (back leverage) term financing. In particular, contracting with
corporate counterparties has become more mainstream and new players such as
community choice aggregators (CCAs) showed up to the stage. In addition, power
hedging has remained prevalent but sponsors could also decide to leave a portion
uncontracted. In line with these dynamics, the debt market commenced to provide
credit towards these PPAs with corporate or other counterparties (e.g., CCAs),
hedged revenues, and to a certain extent, to uncontracted or merchant cash flow
streams. Nowadays it is not uncommon for debt providers to participate in
transactions with underlying revenue profiles that have merchant 'tails' after offtake
contracts expire or even assets that are partially exposed to merchant risk at the
outset.
As many companies across various industries adopt more ambitious ESG
goals, a key focus is on their procurement of sustainable energy, which has
led to a strong uptick in corporate PPAs. These corporate offtake contracts can
take various forms: from traditional physical contracts to more 'synthetic' offtake
agreements (e.g., fixed-floating financially-settled swaps based at hub-prices). The
complexity and sophistication of these contracts has increased over time. For
instance, the market lately has seen corporate PPAs structured as contracts for
differences based on a weather-adjusted generation proxy. The latter structure
allocates curtailment and availability risk to the generator while still keeping the
settlement quantity as close to ‘as-generated’ as possible, as the settlement amount
is calculated by a third party calculation agent based on a proxy generation quantity
determined using actual measured weather, temperature, and other inputs from the
project.
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Recently, the market has seen a surge in activity around offtake contracts
related to data centers belonging to blue-chip technology companies. As these
technology companies continue to offer more services and engage more customers,
their ever-expanding network of data centers is likely to only increase. Furthermore,
considering how COVID-19 has changed the way people are getting work done with
a large portion of people opting to work from home on a permanent basis, the
demand for cloud-based enterprise services has never been stronger. As more
industries continue to digitize and the internet-of-things becomes more widespread
with businesses, technology, and industrial processes generating volumes of data
never seen before, the buildout of data centers and by extension high quality
renewable assets that supply power for their computing demand is anticipated to
increase in parallel. Given the increased shareholder demand for these tech
companies to enact ESG policies and carbon neutrality roadmaps (for example,
Apple and Google pledging to be carbon neutral by 2030), the number of corporate
PPAs with renewable assets is expected to grow tremendously in the coming years.
Offtake contracts with CCAs have become more prevalent in particular for
projects in California. CCAs are programs local governments can opt into which
enable them to procure power on behalf of their residents, businesses, and
municipal accounts from an alternate power supplier (usually a renewable power
source), while still receiving transmission and distribution service from their existing
utility provider.1 CCAs, as offtakers, generally have increased counterparty risk as
they typically lack an investment grade credit rating (but can be shadow rated or
provide additional credit enhancements). The key long-term risks for CCAs are
related to mass opt-outs potentially as a result of negative press, fee increases, no
mandatory long-term agreement legally binding customers to the CCA, and a lack of
cost parity with the competing utilities. However, CCAs provide local governments
with a higher degree of autonomy to determine their source of electricity, enabling
them to meet their environmental and economic goals while simultaneously
encouraging job creation in renewable energy.
Recently, some CCAs have received ratings from rating agencies such as
Moody’s and this trend is only expected to continue. The ability of CCAs to
attain formal ratings represents an important milestone, as it demonstrates that
there is a proven rating methodology in place and that an unrated CCA can work
towards meeting various criteria in order to obtain an investment grade rating.
In addition to the standard assortment of hedging products, there have been
several other hedging structures that have become prevalent in the
renewables space, particularly in regions with developed renewables markets
such as the Electricity Reliability Council of Texas (ERCOT). One of the newer
hedging strategies to enter the market is the swap with extension option, which
functions similar to a typical bank hedge but with shorter tenor and a one-time
exercise extension collar. This product arose in the ERCOT Independent System
Operator (ISO) because of steep backwardation, due to the imbalance between
term sellers and term buyers in that market. Project sponsors have traditionally
expected forward curve prices will be higher; however, banks have started to rely
less on the merchant power price assumptions sponsors use and are less likely to
give credit to sponsor-supplied forward curves. Hence, this structure has started to
become more prevalent and serves as a way to reconcile sponsors’ often optimistic
forward curve assumptions with what lenders deem to be a sufficiently visible
forward cash flow stream.

1
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This strategy also gives sponsors insurance against a depressed forward curve and
allows them to not be locked into a lower power price. In this strategy, the project
sponsor purchases a put and writes a call. In the event that power prices are within
expected levels, the put expires and the call is sold to pay off the premium paid on
the put. If power prices are lower than expected, then the put is struck and the
project’s price is hedged.
In the coming years, more battery-storage related hedging strategies are
expected to come to the fore. Developers of battery-storage projects are exploring
products that allow them to hedge their revenue streams related to wholesale
arbitrage, peak-shaving / energy time shift, or for ancillary services (e.g., by buying
an around-the-clock swap on responsive reserve services in ERCOT). This trend is
expected to continue as battery technology becomes more widespread and ISOs
start creating more demand for ancillary services and as renewable power (which
has a higher degree of hourly variability) continues to penetrate the power market.

Contrasting Forecasted P-values to Actual Generation
In addition to the forward price visibility PPAs or hedging can provide, the
actual generation/production of the asset is another critical variable to ensure
the debt service can be met with sufficient cushion. Previously, overestimation
of the production forecast was a problem that was only anecdotally noted by lenders
and investors. Independent engineers are now remarking that this issue is relatively
widespread, in particular across the solar industry. In their recently published ”Solar
Risk Assessment” report, DNV GL, an assurance and risk management firm that
specializes in independent expert advisory services for the renewables industry,
noted that most P50 forecasts inherently overestimate production by 3-5%, even
after accounting for weather and availability during plant operation.2 DNV GL noted
in their report that this systematic overestimation can be attributed to “optimistic
irradiance assumptions, higher-than-expected equipment downtime, and higherthan-expected shading losses”.3
The use of hedging strategies that apply specifically to production can be one
way of improving visibility on the forward cash flows. Hence, production
hedging strategies such as solar revenue puts have started to emerge that act
as insurance against unpredictable power generation, resulting in tighter
target debt service coverage ratios and improved debt capacity. A solar
revenue put is a risk mitigation product in which a borrower and an insuring entity
enter into an agreement whereby the borrower is compensated via a true-up
mechanism for potential lost revenue resulting from sub-optimal generation / plant
performance (below a certain pre-agreed threshold). The revenue put covers a wide
range of causes for revenue loss, and the sponsor does not have to demonstrate
the cause of loss when they file a claim for compensation, as the insuring entity has
access to on-site production data as part of the agreement with the borrower. The
insuring entity is paid an upfront (and ongoing) fee and the borrower is reimbursed a
certain portion of revenues from the generation shortfall up to a specific limit. Solar
revenue puts give can give investors and lenders additional comfort during the due
diligence process that any lost revenues stemming from reduced production are
recuperated. One such transaction recently closed that utilized a solar revenue put
was Clearway’s Utah Solar, a $296 million financing for a portfolio of seven solar
projects.

2

https://www.projectfinance.law/publications/2020/october/overestimation-of-solaroutput/.
3 https://www.dnvgl.com/publications/solar-risk-assessment-2020-177892.
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Figure 5. Solar Revenue Put (SRP) Structure Example

Loss Calculation & Claim Payout

Performance
Insured Generation vs.
Actual Generation +
Insured Shortfall
(MWh)

SRP Cash Flow

Protection

Ac tual
Generation
(MWh)

X

PPA/Hedge
O ﬀ t a k e Price
$/MWh

=

Ac tual
Revenue
($)

+

Insured MWh Generation
Actual MWh Generation
Insured Shortfall

Source: Citi Project & Infrastructure Finance

© 2021 Citigroup

Insured
Generation
Shortfall
(MWh)

X

SRP Insured
Rate (Payout
Rate)
$/MWh

=

SRP Payout
Proc eeds
($)

Citi GPS: Global Perspectives & Solutions

32

February 2021

3. Green Venture Capital and Impact Investing
Impact Investing Group
Bruce Schlein
Citi Ventures
Alex Z Chen

One of the interesting debates amongst the myriad of stakeholders working
on climate change, a proxy for many of the other meta-environmental issues
the planet faces, is whether or not the technology and tools currently exist to
reduce carbon emissions and meet targets on a timetable that avoids an
increase in global warming beyond 2 or even 1.5 degrees Celsius, and the
higher severity and intensity of storms, wildfires and other related
consequences the planet is experiencing in real time.
The debate centers around the notion of urgency to act, and the need to make
either/or decisions with respect to the allocation of resources to, in simplified
terms, the deployment of existing solutions or the development of new ones. Does
chasing new solutions divert attention and resources from immediate mitigation;
mitigation that can’t wait for new?
The reality is not so binary. Many emerging solutions are a combination of both;
the application of newly available and lower cost sensors, controls, data and
analytics, and artificial intelligence to optimize and augment the performance of
existing hardware.
As with any large issue, there are credible and compelling voices on both
sides, or that fall on a continuum in-between, with, as leading representative
examples, Generate Capital more oriented towards new deployment and
Breakthrough Energy Ventures more oriented to new technology. This dynamic is
also reflected in public discourse, with several media sources coming out with views
and opinion pieces over the last decade.
 The Innovation Vs. Deployment Debate in Energy: How Did It Get So Heated?,

Green Tech Media, December, 2015.
https://www.greentechmedia.com/articles/read/revisiting-the-innovation-versusdeployment-debate-where-did-it-come-from
 Clean Energy Innovation: An Important Piece of the Climate Puzzle,

Environmental Defense Fund, June 2019.
http://blogs.edf.org/climate411/2019/06/19/clean-energy-innovation-an-importantpiece-of-the-climate-puzzle/
 Why relying on new technology won’t save the planet, Science Daily, April, 2020

https://www.sciencedaily.com/releases/2020/04/200420125510.htm
 Can Technology Really Save Us from Climate Change?, Harvard Business

Review, January-February, 2010
https://hbr.org/2010/01/can-technology-really-save-us-from-climate-change
The Citi Impact Fund, a recently launched impact investing platform, comes
out somewhere in-between; an “everything on the table” perspective,
recognizing that startups with new solutions and business models, and
therefore venture capital, will continue to be essential in addressing not only
mitigation of carbon emissions, but also adaptation and resilience to adverse
impacts.
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The effects of climate change have become more apparent over the last several
years. Extreme weather conditions have led to devastating fires in California and
Australia, and destructive hurricanes in Puerto Rico and the Bahamas. The United
Nations has called Climate Change “the defining issue of our time” and noted that
“without drastic action today, adapting to these impacts in the future will be more
difficult and costly”; there is a pressing need to develop and deploy solutions
quickly. Startups and, in turn, venture capital are needed to develop the scalable
solutions that balance deployment and innovation. But the solutions do not come
only from alternatives to fossil fuels. Many of the greatest needs reside in how we
drive and incentivize sustainable behavioral charges in consumers and enterprises.4
Technological and infrastructural advances from the first Cleantech wave
have created ecosystems that enable scale. PWC notes that these advances
"have shifted the cost curve down and are enabling solutions to be optimized and
scaled ". Net metering and connected home devices are providing consumers and
utilities not only more information about energy usage, but also more control in
minimizing consumption. The boom of the residential solar market has created a
supply of distributed energy systems that can be leveraged for grid-wide impact.
These ecosystems can enable quickly deployable, scalable solutions needed to
address our climate challenges. The Citi Impact Fund believes that venture capital
is key to enabling the innovation ecosystem that can deliver these solutions.

Equity, Inclusion, and Diversity
With respect to the populations leading and participating in the market of climate solutions, everything is not on the
table. From entrepreneurs to workforces to customers, women, and to a greater extent, minorities are dramatically
underrepresented across the board. The same is true for economically disadvantaged and vulnerable populations. The
result is an overall loss to the system; a loss of perspectives, ideas, approaches, experiences, and doing what is just
and right; all necessary for developing and bringing a full set of solutions to a global population that is defined by
diversity. Many data points reinforce this imbalance:
 “Only 1 percent of venture capital dollars went to black start-up founders in 2018, according to a study conducted by

Silicon Valley Bank and others. The number of black decision-makers in venture capital in 2018 dropped to 1 percent
— representing just seven black people at the 102 largest venture capital firms in the United States, according to an
annual survey by the Information, a tech-news outlet.”
[https://www.washingtonpost.com/technology/2020/06/10/racial-gap-vc-firms/]
 And in the United Kingdom, “across the past 10 years, under 1% of venture capital investment went to Black

entrepreneurs — and only one Black female founder secured Series A funding.”
[https://sifted.eu/articles/black-entrepreneurs-vc-funding/]
 “People of color account for more than a third of the U.S. population, but in 2014 made up less than 16 percent of the

staff of environmental organizations.” And in the clean-energy industry, “while 13 percent of Americans identify as
Black, less than 10 percent of America’s clean-energy jobs are held by Black workers. In the solar sector, the share is
close to 7 percent — roughly the same as the oil and gas industry we so regularly chastise. The number of women in
the clean-energy workforce, meanwhile, remains less than 20 percent.”
[https://energynews.us/2020/10/12/national/commentary-a-call-to-action-on-race-and-equity-in-the-clean-energyindustry/]

4
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 The addressable market for single family residential solar PV in the United States is approximately 80 million homes.

To date about 3 million homes have solar, the financing of which relies on consumer credit underwriting with 650 FICO
being the low end of the credit spectrum excluding roughly 50% of the market. (See Figure 6)
 “According to a report by digitalundivided’s Project Diane, firms started by Black women received only .06% of venture

capital (VC) funding raised by startups between 2009 and 2017.” – Kauffmann Foundation (2019)
 "Just 1% of venture-funded startup founders are Black, according the Crunchbase startup database.” – VentureBeat

(2020), also cited by BLCK VC
 “According to incubator and research center DigitalUndivided’s ProjectDiane and ProjectDiane:Latinx studies, two

demographic studies of startup founders, businesses with women of color CEOs get less than 1 percent of all VC
funding every year. Of all VC funding over the past decade, Latinx women-led startups have raised only 0.32 percent
while black women have raised only .0006 percent.”-Girlboss
This fact set is a critical one that the Citi Impact Fund is working to remedy by both prioritizing women and minority
entrepreneurs, and companies with products and services that focus on underserved populations.
Figure 6. Addressable Market for Single Family Residential PV, by credit score

Source: Citi Impact Investing Group

Citi Impact Fund
The Citi Impact Fund was launched in January 2020 to complement the
corporate functions dedicated to community development and sustainability.
The $200 million Impact Investment Fund utilizes Citi’s own capital to make equity
investments in "double bottom line" U.S.-based private sector companies that are
applying innovative solutions to help address some of society's most pressing
challenges. We believe we can build a financially attractive portfolio while investing
in companies creating clear positive impacts. The Fund plans to expand
incrementally into markets outside of the United States.
Investments, which could be as high as $10 million, will primarily be made in
companies that have demonstrated proof of concept, built an existing
customer base, secured prior rounds of funding and exhibited the potential
for scale in multiple markets. A portion of the fund is designated for earlier stage
seed investments, which range from $250,000 to $1 million. With respect to all
solutions on the table, the Fund actively seeks opportunities to invest in businesses
that are led or owned by women and minority entrepreneurs to help combat the
gender and ethnic gap that exists in the startup world. As part of this commitment,
all early stage seed investments must be allocated exclusively to businesses that
are led or owned by women and minorities.
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Two of the Fund’s four investment verticals are directly related to climate:
Sustainability and Physical and Social Infrastructure. The remaining two,
Workforce Development and Financial Inclusion, also have connectivity.

Key factors
A number of key factors are important to effectively addressing climate change, two
of which have been previously discussed, and will be further elaborated below.
 Equity, Inclusion and Diversity: For all of the abovementioned reasons, this

tops our list. But climate change offers yet one more critical reason: mitigating
climate change is analogous to mitigating a pandemic. As with a pandemic, the
problem only gets solved with nearly full participation. The vast majority of the
population needs to be vaccinated; to become immune so as not to further
spread the disease in an endless cycle. Carbon is a global, fungible pollutant.
Not only must all solutions be on the table, but the entire population has to be
able to participate; to pursue low-carbon lives and livelihoods. This requires
products, services and business models that serve everyone, especially the
underserved.
 Existing and New: In addition to the importance of the concept of everything on

the table, existing and new also relates to combinations of existing and new
technologies or business models. One trend we are seeing is hybrid businesses
that combine data/AI/sensors/controls and hardware in new ways, such that the
former transforms and optimizes the latter’s performance and utilizes hardware in
ways previously not possible. This trend is captured in an article in Bloomberg, Is
Climate Tech Different Enough From the Cleantech of Old?, which notes that,
“the vastly reduced cost of networking and the vastly increased number of
connected devices with vastly improved computational capabilities is new”,
providing “this generation of climate tech entrepreneurs has a vastly improved
system to attach itself to”.
 Adaptation and Resilience: Empirical data show the planet is warming, and that

a certain amount of climate change is already baked in, with indications of
correlations to negative weather and ecosystem consequences. These events
disproportionately impact under-represented and vulnerable communities. We
pursue companies that develop adaptation and resilience solutions for these
populations because it is essential and supports the causes of environmental
justice and equity. Optimum opportunities will be companies with solutions that
address both climate mitigation and adaptation.
 Break the Glass: The current trajectory of the increased prominence of ESG,

new ambitious corporate goals to reduce carbon emissions, and continuous
growth in the deployment of solar, wind, efficiency, and more recently storage,
while positive, appears to happening in parallel with growing adverse
consequences of a warming climate. Disaster insurance payouts have nearly
doubled decade over decade, with $19 billion/year average 2001-2010, $31
billion/year average 2011-2020 ($105bn in 2017). In 2020, we have experienced
unprecedented scale of wildfires, and the largest number of named storms in a
single year ever in the western hemisphere. What happens if the volume and
severity of such events increase? What solutions and companies will be bestpositioned to scale dramatically in the event of “break the glass” moments for
both mitigation and adaptation, and a need to move more rapidly?
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Portfolio and Leading Companies
Of the six investments made by the Citi Impact Fund to date, four have products
and services related to climate mitigation and adaptations, and dozens of other
companies we have looked at provide for helpful insights into how startups are
utilizing venture capital to address climate change. A select group of portfolio and
leading companies follows below.
 ICON (portfolio; resilience): 3D-printed cement homes that are more resilient

than traditional construction methods to storm winds and flooding. ICON is a
leading 3D printing construction technology company, formed to address the
global housing crisis. ICON has created a patented 3D printing model based on
two major innovations — a 3D printer that prints large amounts very quickly, and
of equal importance, a “Lavacrete” concrete formula. The Lavacrete, which is the
main building ingredient for the 3D homes, begins in liquid form in order to mold it
into the necessary shape, before quickly hardening in order to build a sturdy,
efficient structure.
 Fulcrum (portfolio, mitigation): low carbon transportation fuel produced from

municipal solid waste, reducing carbon emission as a substitute for fossil fuels,
and diverting waste, and subsequent methane emissions, from landfills. Fulcrum
designs, develops, owns and operates large-scale plants that convert municipal
solid waste to a low-carbon syncrude biofuel, certified for refiner and wholesaler
compliance with federal and state renewable and low-carbon fuel standards.
 PadSplit (portfolio; adaptation): co-living housing converted from single-family

homes to accommodate tenants seeking lower rents, and potentially migration
flows that could be caused by climate change-related events. PadSplit is a coliving technology and property management platform that provides flexible,
affordable rentals to low- and moderate-income tenants. The company works
with real estate investors to convert single-family and multi-family properties to
increase occupancy (e.g., by converting a dining room or living room to an
additional bedroom).
 Ketos (portfolio, mitigation): software and hardware-enabled tools and insights

that optimize water usage, ensure resource sustainability and provide water
safety assurance. Saved water is saved energy given energy required to move
water. Ketos delivers integrated, cloud-based, Internet-of-Things (IoT) solutions
for actionable water intelligence that is affordable and accessible. Ketos serves
industrial and agricultural enterprises, commercial businesses, institutions, cities
and utilities, empowering them to make smarter decisions through real-time
water intelligence and predictive analytics.
 OhmConnect (mitigation): demand reduction from pools of households that in

the aggregate are a substitute for fossil fuel-based peaker plants. OhmConnect
(“Ohm”) is an energy demand reduction (DR) company that helps regulators
reduce the use of expensive peak power capacity in times of critical need.
Utilizing a gamified platform and a network of IoT controlled appliances in user
homes, OhmConnect pays users to reduce their energy usage and sells the
“negative energy” to the grid through the creation of “virtual power plants” (VPP):
the automated aggregation and coordination of thousands of households that
sign-up to participate in periodic reductions of energy use.
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 PosiGen (mitigation and resilience): single-family residential solar and energy

efficiency that reduces energy use and improves resiliency. PosiGen provides
solar and energy efficiency improvements to single-family homes with a focus on
serving the low and moderate income (LMI) market. By combining a solar lease
with energy efficiency, and by utilizing a “minimum cost-savings” alternative to
traditional FICO-based underwriting to qualify customers, and community-based
marketing to reach this underserved market segment, the company offers
significant energy savings to families that would not have access to clean energy
without PosiGen. PosiGen understands its customers’ needs, since 61% of its
employees come from the communities that it serves.
 Thrilling (mitigation): online platform for clothing recycling and reuse, which

marketplace dedicated to vintage clothing. The platform curates vintage and
secondhand items from the best boutiques across the United States, helping the
boutiques to sell and ship directly from the boutique itself and thereby providing
stores with the ability to maintain their local presence and expand into the global
marketplace. Thrilling enables the joy of finding one of a kind items, supports
small, local businesses — the economic and cultural backbone of our
communities and neighborhoods, and embodies sustainability and the circular
economy as “reuse” is the most environmentally-friendly way to shop.
 Natel Energy (mitigation and resilience): fish-friendly distributed hydropower

that can restore ecosystems and have less adverse impacts than large hydro.
Natel Energy is an end-to-end solutions provider for modern, distributed
hydropower; a more environmentally-friendly and resilient form of hydro
compared to traditional large scale hydro. Natel’s upstream tech includes digital
solutions for water resource and environmental decision making powered by
satellite data and artificial intelligence (AI). The tech is complemented by the
company’s hardware; their patented restoration hydro turbine (RHT), which is
compact, fish-safe, high efficiency, and can deliver significant savings on installed
cost. Natel’s solutions are positioned to unlock approximately 65 gigawatts (GW)
of untapped hydro potential.

ClimateTech
Citi joins a growing and diverse group of investors working in 'ClimateTech', the
venture community’s successor to CleanTech, including Acumen, Soros, and
Blackstone, among many others. According to PWC’s The State of Climate Tech,
and cited in TechCrunch, “VC and corporate investment into climate tech grew at a
faster rate than overall VC investment as a whole between 2013 and 2019 — to the
tune of $60 billion of early-stage capital.” And in the chart below, Bloomberg New
Energy Finance shows the trajectory overt the past 15 years from a focus on
hardware (e.g., solar and wind) to a combination of hardware and “energy smart
technologies”. Exits are a combination of acquisitions by strategics, including
traditional energy companies seeking to diversity and transition, IPOs, and SPACs.
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Figure 7. Climate Finance Trends

Source: BNEF

Conclusion
With the continued and significant deployment of capital into ESG and green,
in the form of green bonds, green loans, and structured finance, the role of
venture capital in standing up new solutions and business models for
addressing climate change is essential. The abovementioned companies and
hundreds more like them have the potential to deliver profitable solutions necessary
for climate mitigation and adaptation. That potential is predicated on the market
getting access to ideas and solutions from a diverse set of entrepreneurs serving
equally diverse populations, optimizing the mix of existing and new, and blends of
the two, and companies that can effectively respond to 'break the glass' plans in the
increasingly likely case they will be needed
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4. Efficiency as a Service: Taking Pages from
the Oil & Gas Playbook
Impact Investing Group
Bruce Schlein
Asset Finance Group, BCMA
Bruce Schlein
Paul Bienstock
Alexander Bode

A 2018 International Energy Agency (IEA) report describes energy efficiency
(“efficiency”) as “indispensable to achieving global climate targets” and
“capable of delivering 40% of the abatement required to be in line with the
Paris Agreement”. Despite this and many other prominent characterizations
of the climate mitigation potential of efficiency, this critical resource
continues to be the neglected stepchild of climate change solutions. There are
many explanations as to why this is the case; why the efficiency opportunity is not
fully realized. Efficiency measures are said to be too small, too fragmented by
technology and underlying property type and ownership, too boring compared to
shiny new renewable infrastructure. All of these explanations are correct to varying
degrees; all are surmountable.
Consistent with the IEA statements are studies that show the efficiency
investment opportunity in the aggregate is enormous. In its 2009 report,
“Unlocking Energy Efficiency in the US Economy” McKinsey cites “gross energy
savings worth more than $1.2 trillion (a 23% reduction), well above the $520 billion
needed through 2020 for upfront investment in efficiency measures. The report also
notes that this requires “execution at scale” and “a holistic approach”, and that,
“significant and persistent barriers will need to be addressed at multiple levels to
stimulate demand for energy efficiency and manage its delivery across more than
100 million buildings and literally billions of devices”.
This is not a hardware challenge. Walk around any large U.S. city on a cold
day, and one can observe windows wide open in older multifamily apartment
buildings because the units are over-heated and their occupants are hot. The
reason? These buildings have a single, monolithic boiler and heating system, with
one thermostat; a system incapable of distributing heat evenly. These flaws are
easily remedied with simple plumbing changes, valves, and controls. This recurring
example, and the solutions, is a proxy for hundreds of use cases, and each use
case with millions or billions of iterations globally.
While there are no silver bullets, there are solutions that combine existing and
improved hardware together with software and analytics, and most
importantly, business and deployment models, either new or derived from other
sectors. And most importantly, solutions that work together with and complement
the 60% balance of renewables and other abatement measures.

Standardization and Aggregation
An obvious starting point when confronted with fragmented markets and high
volumes of small opportunities is standardization and aggregation. The
efficiency market follows the 80/20 rule with respect to standardization.
Approximately 80% of the opportunity can be addressed with 20% of available
improvement measures: lighting, building management systems, heating, ventilation
and air conditioning (HVAC), optimization software, and envelope (windows and
doors, insulation, etc.). Some of these measures are becoming more commoditized
similar to solar panels (e.g., lighting), but others have attributes that are bespoke
and more specific to a building and context.
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Aggregation benefits from standardization, however, it is a unique challenge
for efficiency given the fragmentation and complexity of the deployment
'playing field': the built environment, which is comprised of a wide variety of
variables including building types, construction methodologies, property ownership
structure, sizes, and vintages.
The need for increased standardization and aggregation is a significant driver for
the development of new or adapted business and deployment models. For this we
look to another industry in the energy sector: oil and gas.

A Page from Oil and Gas’s Playbook
Efficiency is predominantly developed and delivered by energy services
companies (ESCO), such as Johnson Controls, Honeywell, Schneider Electric
and Siemens, as well as smaller, specialized companies. They engage with
property owners or tenants to realize efficiencies and savings through
contracts for improvement measures and corresponding loans or leases. In the
aforementioned heating example, the property owner would seek out an ESCO to
evaluate the existing system and recommend upgrades. The owner then enters into
an energy performance contract (EPC) with an ESCO, which develops a solution,
guarantees a minimum level of performance, and seeks to structure payments in
accordance with the savings derived from reduced operating expenses.
This is the opposite of how the oil and gas industry operates where a property
owner outsources the opportunity and receives royalties, all without any outlay of
capital. The owner, typically a sovereign, auctions off rights to production blocks for
oil and gas companies to use their capital and expertise to explore and produce
hydrocarbons. Yet the core function of both industries is identical; to develop energy
resources. Two provisions are needed to enable the efficiency sector to take a page
or two from the oil and gas sector playbook.

Explore and Produce
First, the efficiency sector requires market and business models that allow for
the sector to operate as 'explorers and producers' of efficiency resources.
ESCOs and specialized technical firms have the engineering expertise, enhanced
by software, big data, and artificial intelligence to more effectively and expediently
discover efficiency resources. Similar to how oil and gas geologists and engineers
understand geologic formations and employ technology to look below the surface
and pinpoint the most promising deposits, efficiency engineers are capable of doing
the same with the built environment.
Such capabilities need to be coupled with the sufficient incentives; operating
structures that motivate and reward efficiency explorers and producers, and
the property owners akin to how oil and gas revenues and royalties respectively
flow to the explorers and producers, and owners of hydrocarbon resources. The
second key provision is market models that facilitate access to efficiency blocks

Efficiency Blocks
Similar to how the oil and gas sector is set up to explore and produce
hydrocarbons from blocks — large, contiguous geographic areas, the
efficiency sector needs its own version of exploration and production blocks.
This is perhaps the key to unlocking the efficiency sector at scale; not just the
blocks, but also the supporting ecosystem of market actors, contracts and norms.
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Ironically, actual blocks do exist in the built environment — city and town
blocks that are comprised of dozens or hundreds of buildings. But unlike oil
and gas blocks, blocks in the built environment are typically not owned or
controlled by a single entity. Efficiency blocks need to employ organizing
principles of portfolios of properties that are not necessarily contiguous. The
simplest version is a single owner-operator: large public and private institutions. But
this version leaves out large swaths of the built environment. Derivatives are
needed that consider the relationships and sphere of influence of large institutions
to portfolios of properties that they do not own or control. Examples include supply
chains, franchisees, managed properties, and portfolio companies and assets.
In the parlance of greenhouse gas (GHG) emissions, these types of properties
comprise Scope 3 Emissions for the associated institutions; emissions that are
the result of activities from assets not owned or controlled by the institution, but that
the institution indirectly impacts in its value chain.

Efficiency as a Service
Efficiency as a Service (EaaS) is the product Citi, out of the Asset Finance
Group, employs with its institutional clients to help them meet their
environmental goals, and to help the market advance the concepts of efficiency
explorers and producers and efficiency blocks. EaaS is a third-party model that
outsources the development, ownership and operations of efficiency assets, and is
similar to the more ubiquitous Power Purchase Agreement (PPA) employed with
renewables and other generating assets.

Efficiency as a Service
Efficiency as a Service (EaaS) is another name for the Energy Services Agreements (ESA) or Efficiency Services
Agreement (ESA); the change away from “energy” driven by EaaS applicability to other resources such as water and
waste. Navigant Research (Guidehouse) combines distributed generation with efficiency in its Energy as a Service
Overview and cites, “the annual global market for the deployment of commercial and industrial (C&I) Energy as a
Service is expected to reach $278 billion by 2028.
For the company where the efficiency measures are implemented (the “host”),
EaaS requires no upfront capital expenditure, is off balance sheet, and is a
pay for performance contract (the host pays only for demonstrated resources
saved, and therefore does not take any performance risk). In practice, this
means that the host can pursue comprehensive, programmatic rollouts in
accordance with what are increasingly ambitious goals amongst corporates, without
any expenditures or balance sheet impacts. They are, in essence, opening up their
facilities to third party explorers and producers.
Structurally there are four parties in EaaS, led by a Sponsor that establishes,
and injects equity into, a special purpose vehicle (SPV) that owns, operates
and maintains the assets. The Sponsor is also the originator of the two contracts:
one with an ESCO to perform the work as it normally does under an EPC, and the
second, a services agreement with the host that looks like a utility bill charging for
units of resource saved at a discount to the price paid to the utility for that same
resource.
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Figure 8. Efficiency as a Service Structure
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Take as an illustrative example a distribution facility that utilizes 100 units of
energy/month for lighting, for which the utility charges $1/unit. Pre-EaaS, the host
pays $100 to the utility (medium blue). Once new lighting is installed under an EaaS
contract, energy use is reduced, on average, 20 units of energy/month, resulting in
a utility bill of $80/month and an EaaS bill of $18/month (dark blue). The net result:
new equipment with no outlay of capital expenditure, immediate operating expense
savings (light blue), and responsibility for operations and maintenance passed to a
third party. At the end of the EaaS, the full savings accrue to the host.

Costs / Savings

Figure 9. Stylized Schematic of EaaS Cost Savings and Distribution to ServiceCo and Host
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Source: Citi

There is broad applicability of EaaS across sectors, including retail, logistics,
higher education, and industrial, and both public and private. Sectors with a
high degree of standardization are more conducive to scale, however, EaaS can
also work with more bespoke applications such as industrial process changes. With
respect to geography, EMEA is at the fore due largely to more progressive
regulations with North America and Asia Pacific following closely. Institutions with
global footprints have the opportunity to blend measures and sites, and pursue
Scope 3 emissions that are often found in emerging markets. Both are discussed
below.
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Several attributes of the EaaS, and strategies and features Citi has been developing
and refining to help scale and accelerate the market, and the economic,
environmental and societal benefits of impactful energy efficiency upgrades, are
described below.

Programmatic Approach
As already discussed, the efficiency market in the aggregate is huge, but comes in
different shapes and sizes, including small pilots and global programmatic rollouts.
We recognize the importance of meeting clients where they are, and putting in place
the building blocks that can help them to scale to meet evolving corporate and
regulatory requirements. In practice, this means we can both start with small
projects (e.g., $5-10m) and roll-out in similarly sized incremental tranches. This is
important from a capital-efficiency perspective for large programmatic rollouts that
can take several years to implement. In terms of working programmatically, a
Master Services Agreement (MSA) is established that governs project-specific
contracts that specify baseline energy usage, improvement measures, expected
savings, and a monitoring and verification protocol.

Resource Agnostic
To date, most EaaS transactions in the market have been focused on energy
savings, however, the structure is applicable to any improvement that reduces
operating expense sufficiently to cover the costs of the measures over a roughly 3
to 10 year term. Improvements that reduce water use, or waste can also utilize the
structure. Some projects combine resources. For example, a manufacturer with
organic waste coming off a production line could use EaaS to finance a bio-digester
and combine the economics of the energy generated with the stipulated savings
from avoided carting and landfilling of waste.

Blending Technologies and Sites
One of the enduring challenges with efficiency is the pursuit of a 'low hanging fruit'
or improvement measures with the fastest paybacks. This approach, while practical
for finance teams, handicaps operations teams that must pursue deeper, longer
payback measures for which there may not be appetite for the corresponding
contract term. The incremental rollout of EaaS allows for the formation of tranches
that can blend both technologies and sites. For technologies, this amounts to
combining lighting and building management systems (short payback) with HVAC or
combined heat and power (CHP) (long payback). For sites, weather and utility rates
can affect payback periods and so sites can be combined to achieve optimum term.

Leased Properties
Tenants that pay utility bills in properties they lease may be interested in EaaS as a
solution to reduce operating expenses and achieve environmental goals, however,
third-party ownership of improvement measures (fixtures in properties), and rights to
recover assets in the event of a default, can present hurdles with landlords. Citi has
worked with its partners to develop a landlord consent process helping landlords get
comfortable with the EaaS construct, including the beneficial notion that the landlord
is getting cost-free upgrades to their facilities.

Scope 3 Emissions
What about harder to do properties; properties that may not have access to EaaS or
other solutions due to factors such as insufficient credit quality? This is a critical
question for efficiency doing its part in meeting global emission reduction targets,
which requires extensive market participation.
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To reach a larger set of properties with EaaS, Citi developed a derivative product
that helps institutions tackle Scope 3 emissions. Scope 3 emissions, as defined by
the U.S. Environmental Protection Agency, are the result of activities from assets
not owned or controlled by the reporting organization, but that the organization
indirectly impacts in its value chain. Multiple iterations of such relationship are
applicable, including for supply chains, franchisees, managed properties, portfolio
companies, among others. Leveraging the knowledge and influence embedded in
these relationships is key to unlocking harder-to-do properties.

Technology-Enabled
While realizing the full potential of efficiency is not fundamentally a hardware
challenge, the ability to do is increasingly enabled by data, predictive analytics, and
sensors for monitoring and verification (M&V). Leading companies are developing
solutions that standardize audits, recommended measures and M&V; the latter in
particular has the potential to augment capital markets activity. Each EaaS contract
includes a baseline of existing energy use, and an M&V protocol for demonstrating
savings. Standardizing M&V could enable market participation by a smaller equity
players and ESCOs, allowing them to sell EaaS assets to banks for securitization,
and expand their activity.

Conclusion
For many of the same reasons that efficiency is challenging to execute at
scale, it is challenging to assess progress and determine targets in the
aggregate with any precision. Two leading think tanks estimate the efficiency
gap is approximately 2-3x existing activity. Rocky Mountain Institute’s Seven
Challenges for Energy Transformation, states, “to achieve well-below 2°C in the
most cost-effective way, we need to globally triple the pace of improving energy
productivity in the next decade relative to the last few years.” One of the metrics
World Resources Institute’s (WRI) State of Climate Action: Assessing Progress
toward 2030 and 2050 looks at is the renovation rate of buildings, which currently
stands at about 1-2 percent per year. According to the report, “the share of the
world’s buildings that is renovated each year needs to rise to 2.5–3.5 percent in
2030 and 3.5 percent in 2040”.
A doubling or tripling of efficiency activity requires step change. The growing
collection of ambitious, science-based climate targets from the Fortune 500
and beyond is a strong indication that portions of the market are working to
align their goals with what is needed. Similarly, emerging build performance
standards, such as those established by New York City’s (NYC) 2019 Climate
Mobilization Act (CMA), will drive activity, and the adoption of new strategies and
solutions. It is estimated that 20% of NYC’s building stock that is regulated under
CMA (buildings over 25,000 square foot.) will not meet the 2024 standard, and 80%
will not meet the 2030 standard.
These figures reflect a significant volume of efficiency to explore and produce, for
which the turnkey solution and beneficial accounting treatment of EaaS is wellpositioned to meet.
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While largely following the key markets for their respective exporters, Export
Credit Agencies (ECAs) continue to be an important long-term source of
financing (especially in emerging and developing markets), and thus are
expected to play an important role in supporting economies in their efforts to
transition towards more 'green' financing. In 2018-2019, ECAs supported, in
aggregate, an investment of $26 billion in renewable energy projects and continued
to collaborate with their banking partners to increase their support in this space. In
furtherance of this goal, the International Chamber of Commerce Global Export
Finance Sustainability Working Group (ICC SWG) together with the Rockefeller
Foundation, commissioned International Financial Consulting Ltd. and Acre Impact
Capital to develop a White Paper to review the state of sustainable finance across
the export finance industry and recommend both product and policy changes to
increase the flow of export financing towards sustainable activity. This paper is due
summer 2021.
Figure 10. Typical Export Credit Agency Structure
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Export Credit Agencies share a tri-fold mandate: (1) promote domestic
exports via insurance products or direct lending; (2) further the policies of
their sovereign governments; and (3) seek a level playing field via the
Organization for Economic Co-operation and Development (OECD)
Consensus. The OECD consensus, which is designed to ensure ECAs abide by
coordinated standards, constrains the terms of the support its member ECAs can
provide. At the same time, government policies often influence ECA support
capacity to certain industries and technologies in line with the national interest of the
country. The green financing space has a substantial amount of new sand emerging
technologies which impacts credit appetite for these technologies.
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However, the OECD in recent years amended their Arrangement and Sector
Understanding to drive ECAs to provide enhanced support for 'green-er'
projects and encourage a move away from projects with a high risk of harm to
the environment. Most notably, the Coal-Fired Electricity Generation Sector
Understanding (CFSU) implemented in 2016 provides stricter terms and conditions
for the provision of officially supported export credits relating to coal-fired electricity
generation projects. The change incentivizes both exporters and buyers of coal-fired
power plants to pursue high-efficiency technologies by introducing minimum
standards.

Export Credit Agencies Work Towards Sustainable
Development
Most European ECAs will no longer finance coal plants. For example, there has
been recent press that United Kingdom Export Finance (UKEF), the U.K.’s ECA,
has plans to end support of overseas fossil fuel projects in the near future as this is
viewed as contrary to U.K.’s emissions targets.
UKEF supported its first offshore wind farm in 2019 creating 376 megawatts
of green energy. In addition, UKEF recently published its 2020-2024 business plan
which specifies their support for a low carbon economy and sustainable
development and participation in the UK’s Green Finance Strategy including the
development of 40 GW of U.K. offshore wind by 2030. This commitment is
evidenced in their allocation of £2 billion (25% of direct lending capacity) to clean
energy projects and their relaxation of content requirements: UKEF will accept a
relatively lower percentage of U.K. content while still allowing the project to benefit
from its cover.
Denmark has a long history of commitment to renewable energy and has
numerous renewable energy suppliers, most notably Vestas. As such, Eksport
Kredit Fonden (EKF) is one of the more established export credit agencies in
the green energy space. EKF financed the most sustainable energy of all
OECD ECAs in 2017 and 2018. Since EKF’s first wind transaction in 1998, they
have supported Vestas turbine technology exports resulting in over 22 GW of wind
energy over the years including the Hywind project, where Citi had a lead role. Most
recently, EKF was allocated DKK 14 billion (~$ 2.2 billion) by Denmark’s “Grønne
Fremtidsfond” (Denmark’s Green Future Fund) to further the promotion of green
energy exporters with the ultimate goal of facilitating global decarbonization. EKF’s
efforts have encouraged other ECAs, including GIEK (Norway’s ECA), to support its
green exporters on similar terms, and is able to participate in North Sea floating
wind farm projects.
The Export-Import Bank of the United States (US EXIM) provides financing
incentives for very low to zero carbon dioxide-emitting renewable energy
exports by increasing the resources devoted to promotion, marketing, and
execution of such financings. US EXIM is currently launching a $250 million
facility dedicated to renewable energy and is committed to financing support for
evolving technologies that reduce carbon emissions in the production of energy.
John Kerry, the new climate envoy announced January 27, 2021 a commitment for
the U.S. to cut fossil fuel funding for overseas projects.
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Looking to the Asia-Pacific (APAC), both Japan Bank for International
Cooperation (JBIC) and Nippon Export Investment Insurance (NEXI), the two
principal ECAs of Japan, launched sustainability programs over the past 2-3
years. JBIC created a global facility to promote quality infrastructure investment for
environmental preservation and sustainable growth. They provide a wide range of
financing support for infrastructure development expected to help to preserve the
global environment. NEXI launched a program entitled “Loan Insurance for Green
Innovation” which increased the commercial risk coverage rate to 97.5% for
sustainable energy and environmental protection projects, as compared to its usual
loan insurance rate of 95%.
In support of global decarbonization, the Korean ECAs — The Import Export
Bank of Korea (KEXIM) and Korea Trade Insurance Corporation (K-Sure) —
are creating a support program for the electric vehicle battery industry which
will benefit large domestic companies. Through these programs, they provide
financing support to large original equipment manufacturers that in turn invest in
capital expenditure investments for electric vehicles.
Sinosure, one of China’s ECAs, recently showed critical support for environmental
and green finance projects by adjusting restrictions in its underwriting processes
and eligibility criteria.

Development Finance Institutions (DFIs) and Multilaterals
Agencies (MLAs)
DFIs and MLAs have specific missions to promote sustainable economic
growth in emerging markets. Due to their national or member country
mandates, they often support investment in the renewable space.
The U.S. International Development Finance Corporation (DFC) recently
announced their 2020-2025 inaugural “Roadmap for Impact”. This roadmap is
a five-year strategic plan that aims to use $75 billion to maximize
development impact while creating strategic and sustainable growth. Within
the roadmap there is a specific focus on energy security and diversification. The
DFC Roadmap will assist other countries overcome challenges in emerging energy
markets and speed the transition to cleaner, less expensive, and more reliable
energy sources. The DFC Roadmap highlights the critical developmental and
foreign policy benefits from bolstering the energy security of all sovereign nations.
Several Asian MLAs and DFIs play a very active role in support for
decarbonization. The Asian Development Bank (ADB) invested more than $20
billion in clean energy from 2008 to 2019 and in the last year alone and reached a
record $6.56 billion in 2019. Under Strategy 2030, ADB is targeting $80 billion in
cumulative climate financing from its own resources by 2030. The Asian
Infrastructure Investment Bank (AIIB) focuses on renewable energy, energy
efficiency, rehabilitation and upgrading of existing plants, and transmission and
distribution networks. AIIB is looking to develop financial instruments and engage
with potential financial intermediaries in renewable energy and energy efficiency
investments
The World Bank’s guarantee arm, the Multilateral Investment Guarantee
Agency (MIGA), is focused on 'climate finance' transactions. MIGA develops
specialized climate finance policies and products in collaboration with their clients.
MIGA clients then implement their own incentives derived from the specific deal
related technical support.
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ECAs, MLAs, and DFIs will continue expanding their commitment to partner with the
private sector to provide financing for sustainable development initiatives across
industries. They are answering the call for decarbonization and working towards
implementing incentives for borrowers to embrace emerging energy technology.
Their support will be instrumental in providing financing capacity for an expedited
transition to more sustainable energy sources globally.
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6. Sustainable Supply Chain Finance:
Empowering Suppliers to Measure and Make
an Impact
Supply Chain Finance, TTS
Caitlin Flohr

Supply Chain Finance has been a strategic trade product for corporates to
optimize working capital for over nineteen years. The inherent product
benefits grant suppliers early payment of their accounts receivable at a
discounted price. Moreover, Supply Chain Finance provides companies with a
path to engage and strengthen supplier relationships. For this reason, there is a
growing interest to integrate ESG goals into the traditional Supply Chain Finance
product. While ESG may not be a new concept, the past year has proven to
accelerate the conversation and client needs for ESG financial integration,
particularly post-COVID-19.

Why Now?
Many large companies have had robust corporate ESG strategies for years,
and have made great strides in obtaining their goals. However, corporates
have come across a barrier in extending their impact beyond their direct
operations. According to a McKinsey study, within the Consumer Goods Industry,
~80% of GHG emission damage is done within the supply chain.5 Therefore,
Sustainable Supply Chain Finance is becoming a popular conduit to financially
incentivize suppliers to align with buyers’ ESG goals.
Figure 11. Breakdown of Direct & Indirect (Scope 1, 2, 3) GHG Emissions in Supply Chains (%)
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The concept of sustainable supply chain finance is a tool for buyers to further
enhance the benefits of the early payment from traditional Supply Chain
Finance. Buyers can set key ESG performance indicators, which then align with
incentive pricing for suppliers meeting those key thresholds. Until recently, many
corporates were not focused on such opportunities to integrate ESG into Supply
Chain Finance.

5

https://www.mckinsey.com/business-functions/sustainability/our-insights/starting-at-thesource-sustainability-in-supply-chains.
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However, over the past year, corporates have shifted from socializing the idea of
sustainable supply chain finance internally at their organizations, to actively
inquiring how and when to execute. Even though the concept is still in its early
stages, the opportunity is estimated to be vast. According to a 2018 BSR report,
sustainable supply chain finance is estimated to be a $6 billion revenue for the
financial services industry.6 The market is ready for sustainable supply chain
finance, yet the question comes down to what is the best methodology to execute.
Figure 12. COVID-19 Supply Chain Disruptions by Sector
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COVID-19 undoubtedly exposed a weakness in supply chains that left
corporates scrambling to counter-act disruptions. This has urged companies
to focus on ways to make supply chains more resilient from disruption, and
also how to make them more sustainable. Although these two concepts may at
first seem unrelated, resiliency and sustainability weave together to bolster the reimagination of future supply chains. CDP, an ESG disclosure organization, reported
a 24% global increase in companies asking suppliers for environmental
transparency through CDP responses since 2019.7 Nevertheless, the ‘E’ is not the
only aspect of ESG that has gained prominence. COVID-19 has helped to increase
focus on the S as much as the E. The concern for employees’ wellbeing during the
pandemic has expedited the focus on the ‘S’. Sustainalytics, an ESG rating
company, processed 1,270 corporate incidents related to COVID-19, ~12% of all
ESG incidents captured in Q1and Q2 of 2020.8

6

https://www.bsr.org/en/our-insights/report-view/win-win-win-the-sustainable-supplychain-finance-opportunity.
7 https://www.cdp.net/en/articles/media/24-percent-jump-in-companies-asking-theirsuppliers-for-environmental-transparency.
8 https://connect.sustainalytics.com/hubfs/INV%20%20Reports%20and%20Brochure/Reports/SustainalyticsESGSpotlight_COVID-19Incidents.pdf

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

These incidents were dispersed amongst all sectors, but most heavily in the
Consumer Discretionary industry due to health, safety, and labor concerns. Going
beyond health and safety, corporates are also shifting towards social equality,
diversity, workers’ rights, etc. Moving forward the challenge will be how to create an
all-inclusive sustainable supply chain finance program to address all areas of E, S
and G.

Path Forward
Sustainable supply chain finance can be a tool to incentivize suppliers to be
more sustainable, and help buyers meet their own ESG goals. The biggest
challenge is ESG disclosure, by the supplier or the buyer, is in the beginning
stages, and suppliers are all at different points in their sustainability journey.
Without consistent ESG disclosure, access to useful data is limited. However, ESG
rating companies have begun to focus more on Scope 3 impacts, thus increasing
the level of transparency in supply chains. Nonetheless, there is still an opportunity
for additional disclosure to help expand awareness and management of material
ESG issues in various industry supply chains. It is not a question of 'if' sustainable
supply chain finance can help corporates achieve their ESG goals, but rather 'how'
this tool can continue to evolve within the changing ESG landscape.
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7. Green Bonds and KPI-Linked Bonds Are
Surging
Overview of the Sustainable DCM Market
A Trillion Dollar Market
Sustainable Debt Capital Markets, BCMA
EMEA: Philip Brown, Sanaa Mehra, Maxime
Hu
NAM: Amanda Boggs, Meghan Allen,
Kendall Trovato

The market for Green, Social and Sustainability (GSS) bonds, where proceeds
of these transactions fund environmentally friendly or social projects, now
has over one trillion-dollars outstanding and shows no sign of slowing. In a
year thrown into disarray by the COVID-19 pandemic, the sustainable bond
market has continued to grow in size and significance and is no longer a
'niche' market. A broadening range of issuers and larger individual issuances
has characterized primary market activity last year.
GSS bond sales totaled $552 billion in 2020,9 hugely surpassing volumes for
the full year 2019 of $313 billion, +76%. Green bond issuance accounted for $250
billion of last year’s total issuance, followed by $147 billion of sustainability banks
issuance, $143 billion of social bond issuance, $9 billion of sustainability-linked
bond issuance, and $2 billion of transition bond issuance. Social and sustainability
bonds have experienced a startling jump, making up over 53% of all issuance in
2020. Meanwhile, we continue to see a pick-up in green bond issuance volume
over, with a notable rise in corporate issuance, resulting in total green bond volumes
being up by 11% versus same time last year.

LatAm: Pablo Barrientos
APAC: Celine Pastor

In terms of issuer type, Sovereigns, Supranational and Agencies (SSA) made
up 60% of all issuance by volumes in 20209, followed by corporates 23% and
Financial Institutions 16%. Breaking volumes down by geography, 55% of issuance
came from EMEA, followed by 27% from North America, 16% from APAC, and 2%
from Latin America.
The European Union’s plans to take this market to the next level — through
the issuance of €225 billion of green bonds as part of its pandemic recovery
fund and €100 billion of social bonds under its unemployment support
program — promise a bright future ahead. The growing investor focus on
sustainable investing, as well as the emergence of the sustainability-linked bond
market are also key themes to follow in this market.
Figure 13. GSS Bond Issuance by Label, Issuer Type, and Geography (YTD Feb 2021
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9

Dealogic, as of February 15, 2021. Volumes include IBRD (World Bank's) green bonds
and sustainable development bonds.
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Figure 14. Sustainable Bond Issuance Volumes
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Growing Share of Social and Sustainability Bonds due to the COVID19 Pandemic
In the first half of 2020, global green bond issuance volumes were overtaken
by social bond issuance as issuers focused on using these instruments to assist
in alleviating the negative impact of the pandemic. Green bonds are now regaining
their momentum, although the investor focus of Social impact is here to stay.
The key theme in 2020 was indeed the rise of Social and Sustainability bond
issuance. Social bond volumes in 2020 totaled more than $143 billion, more than
eight times the volumes during full-year 2019. Meanwhile, sustainability bond
issuance has more than doubled compared with last year.
Figure 15. Social and Sustainability Bonds Make Up 53% of All Sustainable Bond Issuance in 2020
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This is in large part due to public sector issuers setting up social and
sustainability bond programs through which they fund their COVID-19
response. COVID-19-related social bonds have met unprecedented demand as the
focus switched to the social crisis at hand. Since the outbreak of the pandemic,
proceeds from social bonds have been used to finance new medical equipment,
medical research, SME loans that support employment generation in affected small
businesses, and projects specifically designed to prevent and/or alleviate
unemployment stemming from the pandemic.
French agencies were among the largest social bond issuers last year.
CADES, the French agency that refinances and pays off social security debt, raised
more than $15 billion equivalent of social bonds in September alone and issued
nearly $22 billion equivalent of social bonds in 2020 with sizeable euro and dollar
tranches. UNEDIC, the French unemployment insurance agency, has also been
very active on the social front, with more than $19 billion equivalent of social bonds
issuance with sizeable euro tranches.
We expect the social bond market to continue to grow driven by public sector
issuers, including the European Union which will complete its €100 billion
unemployment support program (SURE) in social bond format as well,
syndicated between the second half of October 2020 and the end of 2021. The
SURE program will significantly increase the size of the current social bond
market and will easily make the EU the biggest non-sovereign euro borrower
in the capital markets and the biggest social bond issuer in the capital
markets. As of February 2021, the EU has issued €53.5 billion of social bonds in
four rounds under the SURE instrument.
There was very strong investor interest in these highly-rated instruments, and the
oversubscription resulted in favorable pricing terms for the bonds. Notably, in
October 20, the EU issued a €17 billion debut syndicated bond under the SURE
program, comprising new €10 billion 10-year and €7 billion 20-year dual-tranche
social bonds, the largest social bond to date. The book attracted over €233 billion of
demand from investors, achieving almost 14x oversubscription, the largest order
book ever seen. The COVID-19 response bond theme is also expected to continue
in the coming months as issuers may focus more on the medium/long-term
response.

A Broadening Range of Issuers…
Last year saw a significant number of debut issuers come to the market,
especially in the corporate space — nearly 310 corporate issuers came to the
market in 2020,10 up 30% compared with the full year 2019, of which 196 were
debut issuers (64%). Corporate issuers of GSS and sustainability-linked bonds
totaled around $135 billion, up 37% compared with the $99 billion issued throughout
2019 and more than triple the $42 billion issued by corporates in 2018.
Currently, the power sector dominates corporate activity. However, we are
seeing increasing diversification into other industries, with a notable rise in
issuance from industrials and technology companies in recent years. Meanwhile,
the proportion of issuers from the power sector has fallen, with less than a third of
global supply coming from this sector in 2020. We expect this diversification trend to
continue.

10

© 2021 Citigroup
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Figure 16. GSS Bond and Sustainability-Linked Bond Issuance by Sector
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The second half of 2020 is a great illustration of how corporates more broadly
are tapping the market, with several auto manufacturers, consumer staples,
as well as technology and communication companies printing debut green
bonds. German carmakers Daimler and Volkswagen, as well as Volvo Cars have
issued sizeable inaugural green bonds throughout September to fund their EV
ambitions, all achieving impressive pricing outcome with substantial negative new
issue concessions.
Meanwhile in the consumer sector, Coca-Cola FEMSA (the world’s largest bottler of
Coca-Cola products) issued a $705 million 12-year inaugural green bond to finance
its transition towards low-carbon operations, while Adidas pressed ahead with a
€500 million 8-year inaugural sustainability bond, which also achieved an
impressive pricing outcome. In the communications space, U.S.
telecommunications firm Verizon came to the market with a $1 billion 10-year
inaugural green bond, while French telecom company Orange successfully issued a
€500 million 9-year inaugural sustainability bond.
This increasing number of corporates looking to print GSS bonds is a sign that
issuers now more broadly recognize ESG financings as a ‘must have’ to send an
important signal to the market and display their commitment to a low-carbon future.

…and Larger Individual Issuances
Another remarkable development in 2020 was the increasing number of
‘jumbo’ bond issuance, particularly in the third quarter. During the first nine
months of the year, we saw 31 tranches with a size above $2 billion equivalent,
compared with only 13 tranches for the full year 2019. 90% of them came from SSA
names, notably from French agencies like CADES, UNEDIC or Société du Grand
Paris, all tapping the GSS bond market at least four times in 2020 with sizeable
tranches. Also worth highlighting is the €6.5 billion debut sovereign green bond from
Germany, which represented one of the largest deals in 2020 after the EU’s SURE
social bonds in October and November.
In the corporate world, only a handful of issuers stood out with bonds valued at over
$2 billion. In August, Google’s parent company Alphabet issued bonds totaling
$5.75 billion to support environmental and social initiatives, marking the largest
GSS bond ever issued by a corporate. In September, the Swiss pharmaceutical
company Novartis printed a €1.85 billion ($2.2bn) 8-year Sustainability-linked bond.
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Also in September, the European Union said it intends to raise 30% of its €750
billion Next Generation EU (NGEU) recovery fund — around €225 billion — through
the issuance of green bonds. This also adds to the expectation of jumbo GSS
issuance to come.

September 2020 Was a Record Month!
September 2020 was the busiest month ever for GSS bonds issuance, totaling
$101 billion. Attractive market conditions ahead of U.S. election volatility, landmark
sovereign issuances, and green bond issuance from the auto industry as well as the
refocus on the broader green bond market supported this monthly record.
September issuance included $51 billion of green bonds, $22 billion of social bonds,
$25 billion of sustainability bonds, and $4 billion of sustainability-linked bonds. The
spike in new deals pushed total GSS bond issuance volumes ahead of volumes for
the full year 2019 ($313bn).
Sixty-four percent of issuance came from EMEA, followed by 19% from the
Americas and 17% from APAC. In terms of issuer type, we saw over 61 Corporates
issuing GSS bonds totaling $29 billion.
A key theme in September was the awakening of the sustainability-linked
bond (SLB) market, with three new issuers coming to the market – Suzano,
Novartis and Chanel (see SLB section below). The European Central Bank also
breathed new life into the SLB market, announcing it will accept SLBs as collateral
from January 1, 2021.
Figure 17. GSS Bond Issuance by Label, Issuer Type, and Geography (September 2020)
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Figure 18. GSS Bond Issuance by Type (Jan 19-Feb 15 2021): September 2020 Was a Record Month with $96 Billion of Sustainable Bond Issuance
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Section 2 – Sustainability Linked bonds taking off
Overview of Sustainability Linked Bonds
A new segment of ESG financing has emerged in the form of SustainabilityLinked Bonds (SLBs). Though the market is nascent, with only 20 issuers
utilizing this format globally as of February 2021, we anticipate interest and
issuance activity in this area to pick up meaningfully in the coming months.
Unlike traditional green, social and sustainability bonds, which commit to dedicate
proceeds to certain eligible assets, proceeds from SLBs can be used for broader
general corporate purposes.
Furthermore, SLBs have a financial or structural cost to the issuer that will be
triggered based on whether it achieves predefined sustainability or ESG
targets. A similar construct has been used in the Sustainability-Linked Loan market
in recent years, in which pricing on Term Loans and Revolving Credit Facilities may
vary depending on whether certain sustainability targets are met. In the bond
market, issuers make a commitment in the bond documentation to a measurable
improvement in one or multiple sustainability-linked Key Performance Indicators
(KPIs) over a predetermined amount of time which can trigger a financial change in
the notes (such as a step-up in coupon or redemption price) if the target is not met.
In June of last year, the International Capital Market Association (ICMA) published a
new set of guidelines known as the Sustainability-Linked Bond Principles11 outlining
best practices for these types of securities. The five core components are:
 Key Performance Indicator Selections: KPIs should be material to the issuer’s

business, measurable, verifiable and able to be benchmarked.

11

ICMA Sustainability-Linked Bond Principles:
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/June2020/Sustainability-Linked-Bond-PrinciplesJune-2020-100620.pdf
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 Sustainability Performance Targets Calibration (SPTs): SPTs should be a

material improvement or 'reach goal' when compared to a benchmark and the
timeline should be set before/alongside the bond issuance.
 Bond characteristics: a trigger event occurs when the KPI has or has not met a

target by a predefined date, this should result in a penalty for missing the target
or a benefit for meeting it, e.g. a step-up coupon.
 Reporting: issuers should publish up-to-date information on the KPIs including

an assurance report outlining the performance against the SPT.
 Verification: independent external reviews are recommended and post issuance

verification of the SPT is a necessary element of the Sustainability-Linked Bond
Principles.
As this market develops, capital markets participants will continue to evaluate
the unique benefits and challenges of the SLB structure. Some issuers are
challenged to come up with enough eligible project spending to meet index
eligibility requirements of traditional green bonds ($300m in the U.S. market,
€500m in the European market). SLBs may therefore be an instrument to allow
a new set of issuers in ESG financing. This format is also an excellent means for
issuers with strong ESG infrastructure and targets in place to highlight those
commitments. Given the limited precedents in the space, issuers should proceed
thoughtfully into this market with input from external reviewers and ESG advisors to
avoid potential risks of 'greenwashing' if KPIs are not viewed as being material or if
targets are not seen as being sufficiently ambitious. It also remains to be seen
whether less traditional or 'brown' industries will be able to utilize this format to
demonstrate transition to a Paris alignment given credit investors are keenly
focused on the overall corporate ESG strategies of their investments.

Recent Sustainability-Linked Bond Activity
Citi worked on the first Sustainability-Linked Bond globally on behalf of Enel in
September 2019. The transaction focused on UN Sustainable Development Goal
(“SDG”) number seven, “Affordable and clean energy.” Enel’s Key Performance
Indicator and related target was for the company’s “Renewables Installed Capacity”
to be above 55% by December 2021. If the SPT is not met by the trigger date, the
coupon on the notes will step up by 25 basis points. Enel has subsequently issued
Sustainability-Linked Bonds in both the EUR and GBP markets, focusing on
reducing GHG emissions in addition to Renewables Installed Capacity. Since Enel’s
inaugural transaction, we have seen a handful of other issuers utilize this format
across sectors including:
 American energy company NRG Energy who priced the first ever SLB from a

North American issuer (Citi-led) — a $900 million 7-year note as part of a broader
$3.8 billion financing to fund the acquisition of Direct Energy. The ESG
characteristics of the offering drove significant demand for the 7-year SLB,
saving the company ~10 basis points on final pricing. The Sustainability
Performance Target is to reduce absolute U.S.-based GHG emissions to 31.7
million metric tons of carbon dioxide equivalent (MMt CO2e) per calendar year or
less by December 31, 2025. GHG emissions are inclusive of Scope 1, 2, and 3
(Scope 3 includes business travel only). If NRG does not reach that goal by the
target date, there will be a 25 basis point coupon step up in the 7-year tranche
payable June 2026. On the same day, Citi was also a bookrunner on Schneider
Electric’s €650 million 5.5-year convertible bond, the first ever SustainabilityLinked Convertible Bond Globally.
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The sustainability linkage is based on three KPIs and the average score on those
by December 31, 2025 — which would trigger a 50 basis point premium payment
amount upon maturity (both on conversion or redemption) if the minimum score
(9 out of 10) is not obtained. The three Sustainability Performance Targets ae (1)
Deliver 800 megatons of saved and avoided CO2 emissions to our customers; (2)
Increase gender diversity from hiring to front-line managers and leadership
teams (50%/40%/30%); and (3) Train 1 million underprivileged people in energy
management.
 Brazilian paper and pulp firm Suzano, which priced its inaugural sustainability-

linked structure — a $750 million long 10-year offering on September 10. The
notes priced with a yield of 3.950% and a coupon of 3.750% and mature in
January 2031. The transaction came nearly a year after Enel pioneered the SLB
structure and was the first offering to conform to the Sustainability-Linked Bond
Principles since they were published in June. Suzano’s offering attracted
significant interest especially from ESG investors, producing an order book that
was approximately 8x oversubscribed. Suzano published a Sustainability-Linked
Bond Framework, outlining its Key Performance Indicator as tons of CO2
emissions per ton of product produced, inclusive of both Scope 1 and 2
emissions. The Company established a SPT to achieve a 10.9% reduction from
its 2015 baseline by its observation date of December 31, 2025. Failure to meet
this target will result in a 25 basis point coupon step-up.
 Swiss pharmaceutical company Novartis, which priced a €1.85 billion 0.00% 8-

year Sustainability-Linked Bond on September 16. The offering was not only the
first SLB to be issued in the healthcare sector, but also the first SLB to
incorporate social targets into its framework. The transaction priced with a yield
of 0.081% after attracting €3.75 billion of orders. Novartis established two social
targets to achieve by 2025: (1) to increase the number of patients it reaches in
low and middle income countries with “strategic, innovative therapies” by 200%;
and (2) to increase the patient reach of its Novartis Flagship programs by 50%.
The Flagship programs are efforts to extend treatments for leprosy, malaria,
Chagas disease and sickle cell disease. Novartis will pay a 25 basis point
coupon step-up from the first payment in 2026 if it fails to achieve its social
targets.
 French luxury brand Chanel, which issued an unrated €600 million dual-tranche

Sustainability-Linked Bond across long 5- and 10-year tenors on September 24.
The transaction marked the first of SLBs to be issued in the luxury sector and will
support Chanel’s Mission 1.5° climate strategy by linking the bond terms to
carbon reduction targets. The company’s selected Key Performance Indicators
are its Scope 1, 2 and 3 emissions, along with its renewable energy in its
operations. Chanel set three key Sustainability Performance Targets across the
two tenors: (1) shift to 100% renewable electricity in Chanel operations by 2025;
(2) decreasing Chanel’s own emissions (Scope 1 and 2) by 50% by 2030; and (3)
decreasing Chanel’s supply chain (Scope 3) absolute greenhouse gas emissions
by 10% by 2030. Chanel’s structure comes at a different price than precedent
coupon step-up compensation as seen in the Suzano and Novartis trades. If
Chanel’s targets are not reached, investors will be compensated in the form of a
premium redemption price over par. The 5-year tranche will repay 100.5% of face
value at maturity if Chanel is not wholly reliant by then on renewable electricity,
and the 10-year tranche will redeem at 100.75% if Chanel falls short on its
greenhouse gas emission targets.
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We anticipate further activity and innovation in the space and sustainabilitylinked bonds to become a growing component of overall ESG issuance going
forward. The development of this market — and guidelines established by
ICMA — should enable a broadening in the potential issuer and sector
participants in the overall ESG financing markets. These developments should
present new opportunities for investors looking for potential diversification across
ESG related issuance and borrowers looking to highlight their overall sustainability
strategies and goals.

Section 3 – Greenium – Is There a Pricing Benefit?
Greenium Present in the EUR Market…
The 'greenium', or 'green premium', refers to the pricing advantage offered to
issuers by sustainable bonds over conventional issuance. From a credit
perspective, investors should not be paying up more for sustainable-labelled
bonds as they would carry the same risk as conventional bonds issued by the
same issuer.
Yet, over time and particularly in the EUR market, we have seen impressive
results in green bond execution across issuer types, providing mounting
evidence that sustainable bonds can achieve a pricing benefit, as well as
better secondary performance for investors. That said, sustainable issuance is
still fairly small in size versus the conventional market, so we may be seeing some
scarcity value, amidst growing focus from the investor community to grow ESG
portfolios, supporting pricing benefits.
We are continuing to see a growing demand for sustainable investments from
the asset management and pension community, which is causing a record
inflow into ESG funds. Some of the largest fund managers have now adopted
ESG integration as part of their broader investing strategy into all their portfolios.
Others need to invest in green bonds to meet their investment mandates despite the
scarcity of this asset.
However, supply of sustainable bonds has not yet caught up with the
demand. Therefore, from recent data points in the sustainable bond market, it
is now becoming more evident that sustainable transactions can achieve
higher oversubscriptions as they attract incremental demand from mainstream
investors as their ESG funds can play, as well as a handful of new investors. The
increase in oversubscription allows for greater price tension and on balance, slightly
more aggressive price revisions, ultimately leading to lower New Issue Concessions
(NIC).
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Figure 19. Citi's Corporate Bond Syndicate has Attempted to Quantify 'Greenium', Looking at € Sustainable Trades for IG Corporates
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The investment-grade (IG) corporate space in Europe has recently seen quite
astounding results in execution. The average sustainable bond trade in
September paid a negative 14 basis points NIC, while the 'Conventional'
trades have paid ~3 basis points. Quoting but a few successful deals across
issuer types:
 In Corporates, auto manufacturers have achieved impressive results in green

bond execution in September 2020. Daimler priced a €1 billion 10-year inaugural
Green bond with negative ~25 basis point new issue concession, while
Volkswagen priced its €2 billion dual-tranche 8-year and 12-year inaugural Green
bond with negative ~15 basis points and ~17 basis points new issue concession,
respectively. Volvo Cars priced later in the month with an even more impressive
outcome. The Geely-owned car maker ultimately priced its €500 million 7-year
inaugural Green bond with a substantial negative ~35 basis points new issue
concession, after announcing IPTs flat to fair value or a 'conventional' bond. The
appealing nature of electric vehicles to ESG investors has undoubtedly
contributed to these successful pricing outcomes.
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 In the Financial Institutions space, in September 2020, the German reinsurance

company Munich Re priced a €1.25 billion long 20NC10 inaugural Green Tier 2
~10 basis points through fair value following a series of investor calls with a very
high investor engagement (Citi-led). In October, BNP priced a €750 million 7NC6
Green Non-Preferred Senior bond with a new issue concession of minus ~8
basis points, which was another testimony of the strong appetite for green bonds.
 In the Sovereign world, an interesting precedent testing the ‘greenium’ was

Germany’s inaugural €6.5 billion 10-year Green Bond. The maturity and coupon
on the bond matched that of an outstanding 'twin' conventional German federal
security. The transaction attracted over €33 billion in demand and the pricing was
set at DBR 0 Aug-30s (twin) – 1 basis point, highlighting a cost saving for the
green bond versus its twin. Germany is expected to issue another green bond in
the coming months in its ambition to build a European green curve. Labelling
debt as green is an opportunity for governments to display their commitment to a
low-carbon future while increasing the visibility of sustainable finance among the
general public.

… and Coming Up in the US dollar Market
Meanwhile in the U.S. dollar market, we are beginning to see more pricing
differentiation than we had in the past. The increasing demand from large
institutional buyers who have a significant focus on ESG, as well as European
investors coming into U.S. dollar trades have been driving the increasing differential
in this market.
The differential may also have been greater when there is perceived scarcity value
(i.e., Verizon’s recent green bond was issued as a single ‘will not grow’ tranche) and
this also depends on the name, the sector, the size, as well as secondary trading
levels.

Section 4 – Impact of Regulation Such as the EU
Taxonomy on the Sustainable Debt Capital Market.
In Europe, we see a wave of regulation coming with respect to Sustainable
Finance, which will affect debt capital markets.

EU Sustainable Taxonomy ("Taxonomy”)
In March 2020, the EU’s Technical Expert Group (TEG) published its first technical
report on the EU Sustainable Taxonomy (EUST). The Taxonomy aims to define
what a sustainable economy activity across several different industries.
The technical report includes three categories of activities for climate mitigation,
applicable across 70 activities, that builds up the necessary inputs for a low-carbon
economy:
 Green projects, activities that are already transitioned;
 Enabling projects, that create the necessary inputs to a low-carbon economy;

and
 Transition projects, which could critically contribute to move toward a net-zero

economy but are currently quite far from being environmentally sustainable and
require regular revision of their technical screening criteria.
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It also defines economic activities that contribute significantly to climate change
mitigation and sets out performance thresholds (referred to as “technical screening
criteria”) for 68 activities that can make a substantial contribution to climate change
mitigation.
For an activity to be Taxonomy-eligible, it must:
 Make a substantive contribution to one of six environmental objectives:

(Climate change mitigation, climate change adaptation, sustainable and
protection of water and marine resources, transition to a circular economy,
pollution, prevention and control and protection and restoration of biodiversity
and ecosystems);
 Do no significant harm (DNSH) to the other five, where relevant; and
 Meet minimum safeguards (e.g. OECD Guidelines of Multinational Enterprises

and the UN Guiding Principles on Business and Human Rights).
The technical report does not cover all industries; Mining, aviation and nuclear, for
example have either not yet been considered or need further deliberation.
The taxonomy is the bedrock for the implementation of several other regulations
within the next two years. These are aiming for the creation of a more transparent
financial market that promotes the robust growth of environmentally sustainable
products:
 The Non-financial Reporting Directive (NFRD) to ensure large companies

disclose non-financial performance in their annual reports
 Financial products sustainability-related disclosures, directed toward investment

firms
 The Eco-label, the Green Bond Standard and the EU Climate Benchmarks.

Next steps: In November 2020, the European Commission published its draft
Delegated Acts to outline its proposed technical screening criteria for climate
adaptation and mitigation objectives. In particular:
 The first technical screening criteria, for activities which substantially contribute to

climate change mitigation or adaptation, will enter into application by the end of
2021. The second screening criteria, which will cover economic activities
substantially contributing to the other four environmental objectives, should be
adopted by end 2021 and enter into application by end 2022.
 By June 1, 2021, The European Commission should adopt a delegated act

specifying how the corporate disclosure obligations should be applied in practice.
 Further development of the Taxonomy will be managed by the European

Commission with input from a yet to be established Platform on Sustainable
Finance.
In the Sustainable Debt Capital Markets, we are already seeing issuers align
eligibility criteria to that stated within the Technical report where possible. We
are also seeing investors ask for alignment with the taxonomy. We expect the
taxonomy to facilitate issuance in the sustainable debt capital markets from broader
set of industries as they can confidently use the sustainability criteria defined in the
taxonomy to align their KPIs or use of proceeds eligibility criteria to structure
transactions.
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Furthermore, as the Taxonomy gains traction in Europe, we expect its
framework to be adopted by issuers and investors beyond the EU as well.

Section 5 – How do we see this market progressing in
2021
The $1 trillion Sustainable Debt Capital Markets can no longer be referred to
as a niche market and is truly here to stay. The mainstreaming of ESG
integration in to investment funds will drive issuance in the Sustainable Debt
Capital markets in 2021. Other factors such as a possible 'greenium' in certain
markets, makes this an attractive instrument to Treasurers as a tool to
potentially driving down their cost of capital. Furthermore, the emergence of new
instruments such as sustainability-linked bonds allows more issuers to access this
market and provides greater diversification. This allows investors to recognize
issuers more holistically with respect to their Sustainability related targets and
ambitions. Lastly, we expect regulation of sustainability definitions and enhanced
sustainability related requirements to facilitate further activity in the sustainable debt
capital markets, as both the investment and issuer communities will be required to
demonstrate how their strategies are aligned with the transition to a low carbon and
sustainable economy.
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8. Green Municipal Bonds: Why Muni's Will
Help Finance a Greener Planet
U.S. Municipals
Vikram Rai

ESG has long been touted as the next 'disruptive' change in investment
strategy, but this fixed income sector has not grown as per expectations.
Some say ESG supply and demand suffer from a chicken-and-egg problem,
and we are inclined to agree.
Interestingly, we think the U.S. municipal market embodies ESG philosophies
and by our calculations, about 76% of U.S. municipals ($2.9 trillion) are likely
to be ESG-aligned (although more work will be needed to establish this for
individual investors). And, a large portion of this market is likely to offer many puregreen or environmentally friendly projects and act as the cornerstone for rebuilding
the fabric of the US economy (supportive of the United Nations’ Sustainable
Development Goals, or SDGs. This includes the physical fabric via investments in
roads, bridges, waterways, energy utilities, etc., as well as the social fabric via
investments in hospitals, schools, universities, affordable housing, etc. Finally, we
think many municipal issuers employ good governance practices (G).

How do most municipals automatically qualify as green
investments?
Those wishing to invest actively in ESG themes remain somewhat
constrained by a small investible universe. Investing only in bonds that are
officially labeled green is not a practical strategy given existing volumes, and
there are hardly any bonds that acquire official labels for the 'social' and
'good governance' buckets. As a result, several investors and fund families
employ ESG scoring in their deal-level credit analysis, while institutions such
as Citi have adopted an Environmental and Social Policy Framework. Even
then, scarcity of ESG eligible paper (particularly paper attached directly to realworld outcomes) remains a significant challenge. Thus, we believe that investors
should look towards the municipal market, and below we make the case that many
municipal bonds are likely to screen well for ESG investors (although we
acknowledge that much more work will be needed to establish ESG-alignment):
 There are several different sources measuring the size of the municipal

Green bond universe. Beginning with the Climate Bonds Initiative (CBI),
S&P manages an index that includes all CBI-flagged municipal Green
bonds and according to the index, there are currently 1,973 individual
flagged bonds with par amounts of at least $2 million, for a total par value
of $27.5 billion. Bloomberg’s measure of the universe does not restrict by
maturity size (Figure 130), and is therefore larger at 5,141 active municipal
securities totaling $34.9 billion. This accounts for all self-labeled Green bonds
that the curators deem aligned with the Green Bond Principles (GBP).
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Figure 20. Bloomberg MSRC<GO> for Finding Green Municipal Bonds

Figure 21. Example of Green Municipal Bond Loaded on Bloomberg

Source: Bloomberg

Source: Bloomberg

However, the GBP recommend external verification and CBI notes that
approximately 35% of municipal Green bond issues in recent years have
come with external verification. This equates to $12 billion, which we think is a
minimum, because the verified issuers are usually the larger ones. The CBI itself
has certified about $10.8 billion worth of municipals. However, we suspect there
are many more environmentally-friendly bonds than just the $35 billion or so that
self-label as 'green.'
 Municipals finance not only basic government functions but also a variety

of public needs, which are vital for the economic prosperity of the nation
(Figure 22). Thus, the municipal market has always been the cornerstone for
rebuilding the fabric of U.S. economy. This includes the physical fabric via
investments in roads, bridges, waterways, energy utilities, etc., as well as the
social fabric via investments in public needs such as hospitals, schools,
universities, affordable housing, etc. These outcomes are very likely to be aligned
with the SDGs in many respects, but may also screen well for some ESG
investors on the social front. Obviously, human rights practices, employment
practices, involvement with controversial activities, health impacts and a number
of other issues come into the S factor. However, the underlying social utility of
these projects will likely help these bonds screen well for ESG.
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Figure 22. The $3.8 Trillion Municipal Market Finances Not Only Basic
Government Function But Also a Variety of Public Needs

Figure 23. ESG-Aligned Municipal Bonds (Par Amount) by Sector
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Now, in the most conservative approach, we would eliminate sectors that
derive revenues from oft-screened activities such as tobacco, liquor taxes,
fuel taxes, and casinos, as well as sectors that use proceeds for non-ESG
purposes. These include airports and toll roads (even though they represent the
“S”, we can eliminate them to be conservative because they are opposed to the
“E”). Electric power utilities fall under that conservative exclusion as well, because
even though so many have undertaken renewable efforts, they still do burn coal
and/or natural gas for their baseloads. What remains is a handful of revenue bond
sectors that all benefit the environment or the public good (the physical and social
fabric of US infrastructure). In addition to the ESG-aligned revenue bond sectors,
we included GOs in the ESG total.
Even then, we believe that about $2.9 trillion, or 76% of the municipal market,
is likely to screen well for ESG investors (Figure 23).
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9. SPACs: Green Equity Investment in High
Growth Companies
Banking, Capital Markets, and Advisory
(BCMA)
Sandip Sen
Greg Kantrowitz

Commodities Research

While they have been around for over two decades, Special Purpose
Acquisition Companies, or SPACs, have been taking off in 2020, with a recent
wave of ESG SPACs, particularly those focusing on EVs and mobility. Going
forward, this looks to be an emerging significant source of capital for high-growth
companies that are ready to go public, as an alternative to an IPO, while also being
attractive to SPAC sponsors and public investors that are increasingly demanding
green investment opportunities. This comes against a supportive backdrop for
SPACs, with excess liquidity in the global financial system looking for a home, and
an IPO market expected to remain volatile, with M&A likely to be selective.
Historically, it has mostly been a U.S. phenomenon, but there is a growing focus in
Europe too.

Eric Lee

What is a SPAC? A SPAC, also known as a 'blank check company', is an
acquisition vehicle that raises money to buy a private operating company.
Once identified, this private operating company is referred to as the 'identified
target'. (The target company may not be pre-identified prior to the IPO of the SPAC.)
Post-acquisition, the SPAC combines with the identified target, typically taking a
minority stake, to form a publicly listed operating company. A SPAC typically has 24
months to announce the 'business combination'. Failing that, it liquidates, and the
money is returned to public investors.
Figure 24. SPAC Schematic
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The key parties are (1) the sponsor(s); (2) the public shareholders; and (3) the
identified target and its shareholders. The sponsors are the founders of the
SPAC, and are responsible for its success. The public shareholders are the
institutional investors who invest in the SPAC IPO. The identified target is the
company identified by the sponsor to be acquired, post-IPO, with the shareholders
of the identified target becoming shareholders of the new listed operating company.
What are the benefits to each party? The SPAC structure has evolved to allow
private companies to go public more quickly, get access to immediate cash
liquidity as well as public market valuations and public market upside, while
avoiding a longer underwriting process, expenses, and mispricing, by IPO
underwriters.
For the sponsor, SPACs can provide highly compelling economics of
potentially over 10x multiples over invested capital (MOIC), and can enhance
public market brand recognition and extension of the investment strategy. We
are seeing increasing adoption among sophisticated financial sponsors, with new
types of sponsors emerging too, such as corporates.
For public investors, SPACs provide a private-equity-like investment with
downside protection (redemption right on the back-end related to the initial
business combination) and the liquidity of publicly traded securities. IPO
investors typically receive warrant compensation; there are no management fees or
salaries prior to acquisition. They provide access to private companies 'ahead of the
Street'. They provide a longer time to do due diligence on assets, versus a
traditional IPO.

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

Figure 25. Illustrative SPAC Organization

Figure 26. Illustrative SPAC Formation Summary

Source: Citi BCMA

Source: Citi BCMA

Figure 27. Illustrative SPAC Target Acquisition

Figure 28. Illustrative Transaction Sources and Uses

Source: Citi BCMA

Source: Citi BCMA

© 2021 Citigroup

69

Citi GPS: Global Perspectives & Solutions

70

February 2021

For identified target companies, SPACs provide a liquidity alternative outside
of a traditional IPO or M&A. They have a greater ability to articulate a clear
financial outlook, including the filing of forward-looking projections showing
fast growth. They receive assistance in articulating the equity story from
sophisticated, experienced sponsors. They can engage with a wider investor
universe through a longer marketing period. There are other opportunities and
unique upsides post-transaction. Unlike an IPO, the target company may receive an
'earn-out' consideration to bridge valuation gaps (e.g., additional shares issued to
the seller/target if the stock trades above a certain trigger price, post-closing). And
beyond the benefits of partnering with a credible sponsor/management to further
validate the investment thesis, there is the potential for the target company to retain
stock through rollover or control in the pro forma company.
What makes a good de-SPAC target? The target company should be ready to
be public, with strong management, corporate governance, and reporting
policies in place, or in process. It would need to be likely to be well received by
public investors, including having a capital structure with low to moderate leverage.
It should have revenue/earnings growth potential, with a strong customer base and
a large and/or growing end market, and be a scalable solution with a unique focus
and few if any direct peers.
The de-SPAC process allows tremendous latitude in communication that the
traditional IPO restricts. Companies that can take advantage of the key
benefits of the de-SPAC process, which are not mutually exclusive, are wellsuited targets. There are two sets of key benefits. The first set pertains to the
SPAC structure and process, and the second is coming from a sophisticated,
experienced sponsor that can provide validation benefits.
Structural/process benefits. (1) As mentioned earlier, the ability to market with
projections and allow the company and sponsor to control the equity narrative
without relying on third parties—for a traditional IPO, these would be third-party
research analysts. (2) Counterparties agree to the terms and structure privately, and
subsequently confirm this through an over-the-wall (OTW) process with key
investors, which likely includes a private investment in public equity (PIPE) raise
alongside the SPAC. (3) The process gives valuation visibility and reduces
execution uncertainty in a private manner, prior to public announcement. All of these
are particularly helpful for target companies, which have high growth stories with
nuanced total addressable market (TAM) or economic models. Additionally these
companies are near inflection points where access to projections and management
is critical to getting credit; which involve complicated stories that require
considerable due diligence and numerous building blocks for growth and value; and
for which good comparables do not exist, and where positioning and valuation can
be highly variable.
SPAC sponsorship/validation benefits. The sponsor: (1) in effect becomes a lead
or anchor investor that sets terms and structure that allow others to follow; (2) can
help to confirm or ameliorate some part of the narrative in a strategic fashion
(including growth strategy, valuation, acquisition origination, etc.); and (3) adds a
competency or attribute not existent in the company prior to the SPAC. All of these
benefits are particularly helpful for companies that have the following
characteristics. (1) They are looking to grow in adjacent sectors, and where the
sponsor can add competency; (2) Where deal-making acumen accretive to value is
lacking with current management; (3) That have an initial market focus primarily in
one area (e.g., healthcare) where a sponsor can endorse another part of the
strategy (e.g., software or tech); and (4) Have an amorphous comparable
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environment or a not easily accessible story, for which sponsors can provide a kind
of 'smart money' validation of value.
Figure 29. Growth in Private Equity AUM (2009-2019)
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Figure 31. SPAC IPO Activity (2018-2020*)
3Q20: Record
SPAC IPO Activity
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2020 has been the year of the SPAC. 3Q 2020 saw record SPAC IPO activity,
with 80 IPOs worth $32.1 billion in the quarter, up from $2-$4 billion per quarter over
2018-19. SPAC merger activity is also at all-time highs too, with 4Q’20 hitting new
records too. SPACs have been increasing in size and quality too, with 52% of SPAC
IPOs through October 2020 at over $300 million, up from 27% in 2019 and 32% in
2018. SPACs were originally a vehicle for smaller IPOs, with an average deal size
of less than $200 million proceeds until 2016. Indeed, up until 2019, the largest
annual SPAC on record was less than $1 billion. The average SPAC IPO
transaction size has grown at a 19% compound annual growth rate over the last ten
years, while mega-SPAC IPOs are emerging, with the Pershing Square Tontine
SPAC raising $4 billion in 2020. COVID-19 also created a new class of distressed
assets in many sectors (such as hospitality and travel), increasing the need for
capital across private companies. As of the fourth quarter 2020, SPAC capital
outstanding stands at $73 billion in 208 SPACs, of which 40 ($11bn) have
announced a business combination, with the remaining $62 billion in 168 SPACs
still searching for targets.
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Figure 32. SPAC Merger Activity Is Also at All-Time Highs (2018-2020*)
4Q20: Record SPAC
Merger Activity
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There has been a broader change in company growth patterns, supporting the
rise of SPACs — expanding private equity allowing for private companies to
grow for longer before going public, and the search for alternatives to
traditional IPOs. Expanding private equity assets under management AUM has
created a broad pool of capital that is allowing for more rapid growth for private vs.
public companies, and providing a path for them to stay private for much longer. Up
until 2007, there were more public than private equity (PE)-backed private
companies in the U.S., but the ratio flipped that year. By 2018, the Milken Institute
estimates that there were just under 8,000 PE-backed private companies vs. only
~3,400 public companies in the US. Along with reduced IPO activity, particularly in
growth companies, there has been a need for expanded options to exit private
companies. The suitability of non-IPO exit strategies differs, however, with wellknown late stage firms favoring direct listings and less-known firms, in need of
capital validation, preferring SPACs.
SPAC issuance is likely to hit new records, given key tailwinds. (1) Sponsor
quality is improving, with greater diversity of sponsor teams, and embrace of
product from a wider range of institutions, from private equity to family offices to
hedge funds. (2) Investor breadth, with a wider universe of investors participating in
SPAC IPOs and through business combinations, as well as strong interest in
participating via SPAC PIPEs. (3) Seller awareness. Companies that could be
identified targets recognize this as an attractive alternative liquidity mechanism, with
the opportunity to partner with quality sponsor teams. (4) Marketing transparency,
with the ability to market company forward-looking projections, and achieve more
efficient cost of capital to allow private companies to access public markets earlier.
(5) Positive aftermarket performance. Business combinations from high quality
sponsor teams have shown strong market performance, and transactions are
getting larger and larger. (6) Exit alternatives are volatile, with choppy IPO market
mispricing, and subdued M&A activity.
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SPACs can be particularly suitable for ESG-related companies. Other than the
compelling benefits of SPACs themselves, there has been a continued deterioration
in traditional oil and gas investment opportunities. There is pressure from LPs to
shift investment strategies and focus on ESG opportunities; the ability to add a
growth equity platform to historic skillsets around power and infrastructure; and an
equity market premium placed on high growth and total addressable market-driven
investment stories, which increases the range of potential targets.
There is a massive opportunity set for SPACs in the decarbonization and
cleantech space, including in next generation fuels, grid flexibility and resilience,
the electrification of transportation, the greening of fossil fuels, in proven agriculture
and natural resource plays, in next horizon resource use plays, and in
manufacturing and mining, among others. With some estimates pointing to over $6
trillion in annual capital investment required globally to achieve science-based
climate targets (a 2 or even 1.5 degree Celsius world), this is a potentially massive
opportunity set for SPACs.
Recent de-SPACs have been geared toward sustainability, with green-related
target companies so far mostly in the alternative vehicles and mobility space,
but increasingly in broader energy transition and decarbonization. The recent
SPAC mergers have covered passenger cars to trucks to electric skateboards, EV
charging networks to battery systems and LiDAR-based autonomous vehicle
technology. Looking ahead, ESG-focused SPACs still outstanding have broad
interests in sustainability, energy transition, decarbonization, carbon removal,
climate resilience, next-generation transportation, and sustainable industrial
technology sectors.
Figure 33. Recent De-SPACs Geared Towards Sustainability Have Been Focused on Mobility, But Outstanding SPACs Target Wider
Decarbonization Sectors
Chargepoint

EOS

Company
Description

Electric Vehicle
charging network

Battery system
designer and
deployer

SPAC Sponsor

Switchback Acq.

B. Riley Financial

SPAC Pricing Date

Luminar

Canoo

Lordstown

Fisker

Hyliion

Designer of LiDAREV Skateboard
Automotive
Developer of electric
Electric Car designer
based autonomous developer focused on
manufacturer of
class 8 truck
and manufacturer
technology
urban mobility
electric pickup trucks
powertrain tech

Gores Metropoulos Hennessy Capital IV

DiamondPeak

Spartan Energy Acq.

Nikola
Developer of
hydrogen-based
FCEV trucks

Tortoise Acquisition VectoIQ Acquisition

July 25, 2019

June 4, 2020

January 31, 2019

February 28, 2019

February 27, 2019

August 9, 2018

February 27, 2019

May 15, 2018

September 24, 2020

September 8, 2020

August 24, 2020

August 18, 2020

August 3, 2020

July 13, 2020

June 19, 2020

March 3, 2020

Exp. Q4 2020

Exp. Q4 2020

Exp. Q4 2020

Exp. Q4 2020

-

Exp. Q4 2020

Exp. Q3 2020

June 3, 2020

SPAC Size

$300mm

$225mm

$400mm

$300mm

$280mm

$552mm

$233mm

$230mm

PIPE Size

$225mm

$40mm

$170mm

$323mm

$500mm

$500mm

$325mm

$525mm

$2.4bn

$548mm

$2.9bn

$1.8bn

$965mm

$1.9bn

$1.1bn

$3.3bn

Deal Announcement
Closing Date

Transaction Value
Key Valuation Metric

2025 FV / Revenue

2022 FV / Revenue 2025 FV / Revenue 2025 FV / Revenue

2024 FV / EBITDA

2023 FV / Revenue

2024 FV / EBITDA

2024 FV / Revenue

Transaction Valuation

1.7x 2025 Revenue
13.5x 2025 EBITDA

2.0x 2022 Revenue 3.5x 2025 Revenue 0.8x 2025 Revenue
0.7x 2023 Revenue 7.9x 2025 EBITDA 3.5x 2025 EBITDA

3.2x 2023 EBITDA
1.6x 2024 EBITDA

0.6 x 2023 Revenue
0.2x 2024 Revenue

5.1x 2023 EBITDA
1.8x 2024 EBITDA

2.4x 2023 Revenue
1.0x 2024 Revenue

% Change Since IPO

+32.3%

+30.5%

+1.0%

+89.2%

+83.1%

Source: Citi BCMA
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A green revolution is underway across global bond markets. Since the 1990s
and the growth of wind and solar renewable energy projects, financing for
environmentally sustainable projects has largely been through the bank
lending or project finance markets. This began to shift over the last fifteen years
into the public bond markets. The move was driven by the desire of capital owners
to allocate funds specifically towards investments that promote sustainability or to
deallocate funds from investments that were detrimental to the environment. Asset
managers began to devise mandates to fit the demands of capital owners and the
assets in sustainable investing strategies now exceeds $30 trillion12. If anything, we
believe that the increase in capital allocated towards environmental investing has
accelerated in the last two years.
The potential scale of financing that could transition from the existing stock
of environmentally-friendly private lending (i.e., bank loans and project
finance for green assets) into the public debt markets (i.e., senior bonds or
asset-based securities) is immense as this report has shown. This does not
include the incremental transition finance required by existing borrowers looking to
replace environmentally-unfriendly assets (e.g., coal plants) with environmentallyfriendly assets (e.g., wind farms).

Figure 34. Green Corporate and Sovereign Bond Issuance (2015-2020) as of Total Debt Issuance

Source: Dealogic, Citi Research

12

Global Sustainable Investment Alliance (GSIA) measure as of early 2018 here. GSIA
next report update for 2020 is expected to be released in early 2021.

© 2021 Citigroup

February 2021

Citi GPS: Global Perspectives & Solutions

Many challenges remain for investors seeking environmentally-friendly
securities, particularly for fixed income portfolios. Unlike equity investors,
bond investors have far less ability to influence companies’ environmental
behavior, aside from price. Bond investors face markedly less transparency or
access to key metrics of environmental behavior, and even less recourse for noncompliance. Finally, there is a wide range of views as to what type of assets are
environmentally beneficial, which makes defining mandates and eligible securities a
challenge.
This situation has improved over the last few years.
Investment groups and policymakers are creating standardized definitions for
environmentally-beneficial securities — the birth of the ‘green bond’. Key
performance metrics for environmental activities are becoming more prevalent.
Supra-national borrowers (“supras”) and Government-Sponsored Entities (GSEs)
have been encouraging issuance and further standardization of green bonds. Most
importantly, capital continues to be allocated to this space. If the pace of growth
continues, the green bond market will be a liquid, mature and distinct global asset
class.
In this chapter, we look to explore the current state and recent growth in
publicly traded green bonds in more detail. We assess the drivers of issuance
and how the stock of bonds has grown across private-sector issuers as well as
supras. We also look at the challenges and constraints that asset managers face in
constructing a green bond portfolio, given the existing stock and primary issuance.
Finally, we focus on three factors which, if resolved, could lead to a
significant shift higher in investor demand and markedly enhance the maturity
and liquidity of the broader green bond market. These include (1) standardization
of criteria to be deemed a green bond; (2) greater availability, consistency and
transparency of key environment performance metrics; and (3) structural
incurrence language to compel borrowers to maintain compliance with green bond
eligibility criteria.

The Greening of Bond Markets
The debt capital market’s key response to the global environmental crisis is the
green bond. While there are varied descriptions of what defines a green bond, it is
broadly any bond issuance whose proceeds are earmarked for the financing
of projects which aim for or claim environmental benefits or reduced climate
impact.13
First appearing more than a decade ago and still small in size in 2014, the green
bond market has expanded tremendously over the last several years. In 2020
alone, there has been $120 billion in issuance in this space—increasing the stock
by 25%. Currently, Bloomberg tracks data on over $450 billion of corporate or
sovereign bonds with a ‘green’ label, denominated in $, €, or £.

13

ICMA (International Capital Markets Association) published a voluntary set of
guidelines in The Green Bond Principals (GBP), which define four types of Green Bonds.
In this publication, we will focus only on the first type – Standard Green Use of Proceeds
Bonds – where proceeds are dedicated entirely towards sustainable projects with full
recourse to the borrower. The other types are non-recourse to the issuer – Green
Project Bonds, Green Revenue Bonds and Green Securitized Bonds – and are
discussed elsewhere in this GPS publication.
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Green bonds and the broader availability of green finance have been a key
strategic goal of European governments. There has not been as coordinated an
effort from U.S. or Asian governments to jump-start this market, which explains the
difference in growth rates between these geographic markets. That said, investor
demand continues to grow within the U.S. dollar market and issuer demand remains
present, should pricing be competitive.
The broader goal of policymakers — particularly European — is to create a viable
avenue by which current private market financing of environmental projects (largely
via bank loans and project finance) can shift into the publicly-traded bond market.
There is little question that supra-national borrowers — particularly European
ones — have been instrumental in developing the green bond market. Thus,
these entities were the first to structure and issue green bonds and remain among
the more active and ongoing issuers of green bonds to date. Supras also
designed the use of segregated proceeds for specific projects and also
provided transparency on funds invested, key environmental performance
metrics, and specific project details.
There is debate about who issued the first green bond but either way, it was a
Supra. The competing examples are below:
 In June 2007, the EIB issued a €600 million, 5y, zero-coupon structured note with

principal protection, a minimum redemption of 105% at maturity, and whose
return was tied to the FTSE4Good Environmental Leaders Europe 40 index. In
addition, part of the return could be redeemed in carbon allowances. The
proceeds of this Climate Awareness Bond (CAB), as it was called, were allocated
to specific renewable energy projects.
 In November 2008, the World Bank issued a SEK2.7 billion (€275m), 3.5%, 6y

bond whose proceeds were to be used for environmentally-beneficial projects
that met specific, predefined criteria. Importantly, both bonds were issued in
response to inquiries by institutional investors (mainly Swedish pension funds)
looking to finance environmentally friendly projects. The World Bank issue
provided a specific framework for eligible use of proceeds. Also noteworthy, the
World Bank coined the term ‘green bond’ in its press release at the time. The
World Bank’s bond issue also more readily conforms to a ‘plain vanilla’ bond
structure, which is why it is more widely known as the first green bond.
Since those first two bond issues, supras have remained active and
consistent issuers of green bonds. This trend should only grow, given
increased focus by governments and policymakers on achieving various
environmental targets for industries, for countries and for the European
Union in aggregate. For example, almost one-third of the European Union’s €750
billion Rescue Fund has been allocated towards green finance projects. Similarly,
the European Central Bank (ECB) has announced the intention to make green
objectives a central part of its Asset Purchase Plan. Most supras have already
established frameworks for green bonds that define the use of proceeds, including
procedures for project selection, evaluation and reporting of key metrics. Most
eligible green bond projects focus on mitigating climate change or other
environmental activities.14

14

Mitigating climate change would directly finance renewable energy projects or energy
efficiency projects. Other environmental projects may include waste management, clean
transportation, etc…
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More specific details on the broad range of supranational issuers and the type of
green bonds they finance, in addition to other ESG-related financing, are shown in
Figure 35 and Figure 36.
In that light, green bond issuance by these entities continues to be significant and
must be included in any assessment of the entire green bond market. The majority
of green bond issuance by supras has been in euros, accounting for half of
the issuance over 2020. Initially, supra issuance was led by development banks.
However, supranational agencies have recently formalized their green bond
programs, and now account for roughly two-thirds of green bond issuance by supranationals (Figure 45and Figure 46).
Supras will remain a key growth driver for the green bond market, given their unique
position to allocate across many projects in size and breadth. Equally importantly,
supras’ green bond issuance attracts a different investor base that the traditional
corporate green bonds would not—those looking for highly-rated (AA or AAA) with
low risk-weightings and green credentials.
Outside of supras’ issuance, corporate borrowers have become more active
in green bond issuance over the last few years. Within the U.S. dollar market,
the bulk of green bond (or sustainable bond) issuance has been concentrated in the
utility, telecoms and real estate sectors (Figure 36). For context, utilities accounted
for nearly one-third of U.S. dollar green bond issuance in 2019-2020, while
comprising only 7% of the ‘vanilla’ issuance otherwise.
The bulk of green bonds today have investment grade ratings and are issued
by governments, supras, financials or utilities, though more recently from other
sectors. Given the skew towards banks and utilities sectors, which tend to be higher
rated than the corporate bond universe as a whole, the average credit spread on
green bonds tends to be tighter than the broader index (Figure 38).
Figure 35. Outstanding Green and Non-Green Bonds by Issuer Sector
(% of Universe)

Figure 36. Unsecured Green Bond Issuance by Sector ($bn)
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What is the cost of being green? Does green earn a premium or discount? As
discussed, the amount of green bond issuance by corporates has accelerated over
the last four years, in particular over 2019 (see Figure 37). This growth begs the
question: what financial incentive did borrowers have to issue green bonds
over normal ‘vanilla’ bonds? Is there a significant financial advantage (i.e.,
lower funding costs) or do investors demand a premium for a new product or
reduced liquidity?
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To answer the relative pricing question, we compared green bonds to ‘vanilla’ or
‘brown’ bonds15 issued by the same issuer (after adjusting for differences in
maturity, seniority, etc.) in both the secondary market (i.e. where bonds are trading)
and in the primary market (i.e. where bonds are issued).
Currently, green bonds trade 2bp to 3bp tighter than comparable non-green
bond peers — creating a green premia (sometimes referred to as a
'greenium'). Essentially, investors were willing to pay a higher price over
comparable securities in the secondary market. Or, more directly, investors were
willing to sell a non-green bond and buy a nearly-identical green bond at a loss of
yield (see Figure 38).
Figure 37. Spread on an Index of Green Bonds, Weighted by
Outstanding and Duration vs. iBoxx Corp Index, Spread-to-Swaps
(basis points)
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250

Figure 38. Average Spread Difference Between Matched € Green and
Non-Green Bonds from the Same Issuer (basis points)
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The primary market for green bonds tell a different, more consistent story.
When borrowers issue bonds, they typically have to offer a new issue premium
versus where comparable bonds trade in the secondary market. Simply put, the
issuer has to present a ‘carrot’ to incentivize investors to buy the bonds initially.
What is worth noting is the amount of new issue premium that green bonds
required upon primary issuance has been consistently less than that for
comparable non-green bonds (Figure 41) — i.e., a smaller ‘carrot’ was required to
incentivize investors into a new green bond than a comparable ‘vanilla’ bond.
Indeed, we have observed companies able to issue green bonds as much as 15bp
inside where their existing bonds trade, providing a clear reduction in funding costs
to the borrower by choosing green. For context, a 15 basis point reduction in
funding costs is material when comparing to the total yield of 66bp (0.66%) on the
Bloomberg Barclays € Green Bond index (GBEUOAS).

15

Whereas ‘Green’ bonds is debt financing targeted towards specific investments that
are beneficial to the environment or reduce existing environmental impact, ‘Brown’ bonds
refers to debt financing for borrowers that are viewed to be environmentally-unfriendly.
‘Vanilla’ bonds covers the remainder: debt financing for entities that are not ‘Brown’ and
where proceeds are not specifically allocated towards environmentally-friendly
investments.
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In the supra sector, green bonds appear to attract a higher percentage of fund
managers than normal SSA benchmarks. While traditional SSA buyers — central
banks—usually focus on five-year and below tenors, $SSA green bonds in longer
tenors started to show pricing premiums to non-green benchmark deals.
Figure 39. Investor Allocation for EIB Green Bond Program vs. Regular
EIB USD Benchmarks
CB
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Figure 40. Investor Allocation for a 5yr IBRD Green Bond vs. a 5yr IBRD
Benchmark
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This illustrates that despite the surge in issuance volumes of green bonds,
demand has been more than able to keep up in both the primary market and
secondary market. This was confirmed by a recent (April 2020) survey of
corporate treasurers by the Climate Bond Initiative — 70% of corporates who had
issued green bonds in the last year saw higher demand for green bonds than for
vanilla equivalents
Figure 41. New Issue Premium for Green and Non-Green Bonds
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If You Build It, They Will Come 16
The development of the green bond market is well underway, and there has
been a visible acceleration in both investor demand and issuer demand over
the last two years. At present, the green bond market is seeing asset growth
from three fronts: (1) the highly-rated, low yield, stable supranational
issuance, largely from European issuers; (2) the investment-grade-rated,
largely corporate issuers globally; and (3) a smattering of growth of high-yield
— largely energy-related — names. This asset growth also matches the growth in
visible green finance mandates, which are concentrated across both institutional
investors (e.g. pension funds, endowments) and retail investors (e.g., mutual funds,
UCITs and ETFs).
While specific data for the aggregate amount of green bond mandates are difficult,
we do have metrics showing the growth in mutual funds and ETFs that focus solely
on environmental mandates. EPFR notes that mutual funds with broader ESG
mandates have grown from ~$10 billion to over $230 billion over the last five years
(Figure 42). More importantly, the growth rate in assets under management is
accelerating. Although these funds are generally able to invest in a wider ESG
universe, they manage assets roughly half of the size of the green bond universe.
Importantly, capital owners are becoming more specific and more vocal about
their environmental goals. They are being more direct in asking asset managers
to develop and implement ESG strategies or, more specifically, green strategies.
Asset managers have been challenged to create robust investment frameworks,
given variation and limits in data, performance metrics, suitable investment criteria
and, in some markets, a sufficient supply of green bond assets.
We highlight a recent survey17 by the Credit Roundtable, which noted a few
common themes by fixed-income asset managers. Importantly, climate change and
environmental degradation were by far the highest priority focus by asset managers
across all ESG themes. However, and interestingly, about two-thirds of asset
managers stated that they do not specifically target green bonds.
“As policymakers and the private sector
hone in on climate finance, we need a

Some of the specific challenges for the asset managers in the survey included the
following:

shared language and set of metrics. This
doesn’t just apply to green bonds. This

 Data quality remains a key constraint for investing in ESG (including green

bonds). This includes a lack of reliability, history, consistency or comparability of
data. Asset managers find it difficult to access data that are known to be
available, but not necessarily released by issuers.

market is a litmus test for wider climate
finance” – Aldo Romani, European
Investment Bank

 The lack of standardization in terms and definitions of green bonds is the

dominant deterrence to investing, as per two-thirds of asset manager responses.
Existing guidelines are still voluntary and differ across regions.

16

With apologies to Phil Robinson’s 1989 movie, Field of Dreams, and Kevin Costner
(Ray Kinsella).
17 The Credit Roundtable survey was conducted between mid-August and midSeptember 2020, including 47 asset managers covering an aggregate fixed-income AUM
of $6.0 trillion. Circa two-thirds were asset managers and one third were insurance
investors. More than 55% of respondents managed more than $100bn in fixed-income
AUM.
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“The need for standardization in this market

 Limited or a lack of transparency of key performance metrics by green bond

issuers is a deterrence to investing, as per two-thirds of asset manager
responses. This is also cited with respect to limited ability to monitor compliance
with stated goals.

is self-evident and urgent. We need a
definition of what is green.” – Julien Bras,
Portfolio Manager – Socially Responsible
Investments, Allianz

 Asset managers are reluctant to become overly reliant upon outside firms

to certify the credentials of a green bond. Given the above consideration,
asset managers currently either rely heavily upon third-party rating services (e.g.,
MSCI, Sustainalytics), or they have invested in their own proprietary models.
Both avenues pose business risks (upfront costs and possible direct legal
exposure from proprietary systems) and potentially contradictory signals.
Moreover, current ESG ratings are occasionally contradictory for identical
issuers,18 which can be disconcerting.
The green bond market is still some way from being a mature, stable, liquid
asset class with a permanent pool of capital owners, borrowers and
transparent pricing. This is not an insurmountable challenge. We believe that the
green bond market needs to address some specific factors to be able to move to
the next level.

Looking Forward—Criteria for Maturation of the Green
Bond Market
Can this phenomenal rate of growth continue? We believe it can over the
coming years, but in order to do so, the green bond market needs to mature.
We believe that the structure, sentiment and dynamics exist today to allow a rapid
growth in the green bond market, provided some key elements are addressed.
In order to sustain demand, the market needs diversification. A common
argument against ‘green debt’ mandates is that by reducing the opportunity set,
investors are foregoing potential returns and concentrating risk, as active managers
are constrained in their portfolio allocation. In a recent Refinitiv survey, investors
answered that the most important change needed to shift demand for green
bonds to the next phase of growth was a broadening of the number of issuers
across a much wider number of sectors.
This is slowly occurring. Over 2020, much of the incremental growth in green
bond issuance was driven by new sectors — such as financials and real estate. We
still need to see greater issuance by other sectors, but this may be simply a factor of
which sectors are more entrenched in environmentally exposed businesses. We
have also begun to see different types of green bonds being issued. For example,
some banks have begun to issue subordinated bank capital securities under a
green label — in July ’20, the Spanish bank BBVA issued an Alternative Tier 1 green
security. Increases in subordinated and high-yield bond issuance would help
broaden the range of yield available across the green bond universe. The green
bond market also has been more highly concentrated in euros rather than U.S.
dollars, which compounds the diversification constraints for global asset managers.
Another challenge is the inconsistency on the definitions for green finance.
Given the current vagaries of definitions across regions, across markets on ‘what is
green?’ and ‘what is excluded?’, the market would benefit from greater
standardization of terms. This should lead to better distribution and use of key data
metrics to facilitate measurement and, ultimately, provide accountability.

18
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Blurred lines between green and other types of socially-responsible investing
are not helpful either. Within the broad confines of Environmental, Social and
Governance (ESG) investment mandates, there are a variety of subjective
assessments and prioritizations, which can result in very different company
rankings. On occasion, the same corporate issuer could be evaluated with a highest
as well as lowest ESG score under competing measurement criteria.
Another key facet of the green bond market that needs to adjust is
accountability. The Bank for International Settlements recently published a report
highlighting that green bonds to date do not provide legal assurance that the
proceeds are actually used for projects delivering comparatively low or falling
carbon emissions. Nor are issuers required to quantify their climate exposure.
Most bonds outstanding today are issued under ICMA’s voluntary Green
Bond Principles,19 which, by themselves, provide no recourse should the
issuer not spend the proceeds on eligible projects. The term ‘greenwashing’
has been coined20 to describe the prospect that a company claims green
credentials that its operations do not actually warrant. Investors as yet have little
power to intervene. Examples of greenwashing in the media could weaken the
selling point of green funds and undermine well-intentioned investment flows. We
believe it is important that the green finance brand remains untarnished.
These constraints — diversification, standardization, and accountability — are
surmountable. This requires coordination and collaboration by policymakers,
industry associations (of both investors, intermediaries and issuers), as well as
regulators. It is also important that these constraints are addressed globally. We
have already begun to see initial steps occur.

Europe Takes the First Steps in Standardization of Green
Finance
In December 2019, the EU Council and the European Parliament agreed upon a set
of standards and definitions for the green finance label. Specifically, the European
regulations set out specific activities that qualify as environmental, and also
specify requirements than an issuer must meet in order to qualify for the EU
Green Bond standard. The regulations stress “do no significant harm” as a guiding
requirement across all sectors — both on the activity as well as an obligation on the
issuer. At this point, the agreed taxonomy behind the EU Green Bond qualification
has not been enshrined in law, but that is scheduled to occur in the near future.
We believe the European move towards a common standard is important to allow
the green bond market to grow and mature, which is beneficial for both issuers and
investors. Hopefully, the framework will lead to better disclosures from issuers and
greater transparency for investors.

19

https://www.efama.org/Pages/Submitted after 2018-03-12T16 22 07/EFAMAresponses-to-European-Commission-consultations-on-MiFID,-UCITS-and-AIFMDDelegated-Acts.aspx
20 The term ‘Greenwashing’ was first used in an essay published by noted
environmentalist, Jay Westerveld in 1986. Jay noted that hotels were using ‘Save the
Towel’ cards as promoting environmentally friendly policies, when in actuality it was
designed as a cost-saving measure to reduce laundry expense. The essay argued
“Wash my towels please, just don’t greenwash me.” The term was then broadly applied
to corporations who promoted or presented environmentally-friendly actions or services,
which were not in fact environmentally-friendly.
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We note prior examples of standardization leading to rapid growth in a new market:
German pfandbrief, Danish realkredit, bank capital securities, or the subordinated
‘hybrid’ corporate bond market.
The EU Commission is also working on integrating sustainability (a word
which of course goes beyond ‘green’) factors into regulations governing the
European fund management industry. The proposals, currently at the
consultation stage, would require managers to disclose how their investments
comply with sustainability and environmental objectives.
While regulation can play a pivotal role in accelerating market growth by compelling
harmonization, it requires balance and flexibility. An overly rigid taxonomy might
hinder issuance if it is too onerous or not sufficiently aligned with issuers funding
needs. It is already clear that some existing green finance securities would not
comply under the proposed taxonomy. Similarly, asset managers currently have a
wide range of marketing themes across “green finance” and, more broadly, ESG
investing. A taxonomy that is too restrictive might not align with the environmentallyfocused themes that capital owners desire.
The European Fund and Asset Management Association (EFAMA) has strongly
welcomed the Green Bond Standard, but it has expressed concern that the current
proposal may not be flexible enough in several regards to facilitate sustainable
investing becoming increasingly mainstream.

Encouraging Accountability Among Green Finance Issuers
Another key aspect is strengthening enforceability — what if environmental
targets initially set are not subsequently met? In that regard, the inclusion of
Key Performance Indicators in few recent issues is a welcome development.
These bonds have a step-up in coupon if the KPIs that set on quantifiable green
objectives are not met.
Green/sustainability investors are, not surprisingly, very keen on such features. It
remains to be seen, however, how many issuers are willing to introduce such
features in their bonds. In an exceptionally issuer-friendly market, issuers could be
reluctant to issue bonds with step-up coupon without a meaningful spread discount.
In a future environment, where supply and demand is more balanced, issuers may
be more willing to offer such features.
Figure 43. SSA ESG Bond Categories
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Source: Citi Research

Governance

The market for forward-looking, performance-based instruments like
sustainability-linked bonds was recently bolstered by a set of voluntary
guidelines for issuers, published in June 2020 by the International Capital
Market Association. The guidelines provide a checklist for issuers covering the
selection of performance indicators, bond characteristics, and issuer standards on
reporting and verification. For example, the ICMA standards for sustainability-linked
notes encourage issuers to set performance targets that can be compared to a
benchmark or an external reference, and provide investors a detailed description of
fallback mechanisms in the case of extreme events or if performance targets cannot
be measured.
For both green bonds and sustainability-linked bonds, ICMA guidelines
encourage issuers to obtain external reviews to increase investor trust in the
integrity of vehicles financed under the banner of environmentalism. One form
of review known as a second-party opinion involves an outside organization
assessing the goals, features and processes of a green bond program. Such
reviews can be provided to investors to assist in comparing a program’s structure to
current market practice.
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For example, if an issuer plans to use green bond proceeds to improve the energy
efficiency of an office building, a second-party review might discuss the efficiency
standards the company follows are credible, and might highlight whether the issuer
has committed to a quantifiable energy savings goal.

Positioned for Growth
At slightly more than a decade old, the green bond market is approaching
“adolescence”. Rapid growth has left a sprawling universe of investors, issuers,
financing purposes and products. We see every reason to believe that the market
will continue to grow, fueled above all, by a sincere desire to facilitate a transition to
a more sustainable global economy.
However, with maturity inevitably comes greater scrutiny and the need for
regulation to deliver a (more) level playing field. The diffuse nature of what is
‘green’ likely means that the universe will remain more dispersed in terms of actors,
features and documentation than, say covered bonds or financial sub debt. But
provided that the trust in the original objective can be sustained, this should not
impede the green bond market from becoming a substantial part of the broader
global fixed income market.
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Figure 44. Green/Social/Sustainability Bond Program for Major SSA Issuers and Their Targeted
Projects
Climate
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Figure 45. SSA Green Bond Issuance (ex-Sovereign Issuance) by
Currency
EUR

($bn)
100
90
80
70
60
50
40
30
20
10
0

USD

Figure 46. SSA Green Bond Issuance (in all currencies) by Issuer Type
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Figure 47. Euro SSA Supply
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Figure 48. Euro Sovereign Bond Supply
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Figure 50. Uses of Proceeds Under Green Bond Program Frameworks from Supranational Banks
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Figure 51. Uses of Proceeds Under Green Bond Program Frameworks from Other Agencies, Sub-Sovereigns, and Sovereign Governments
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Figure 52. Use of Proceeds Under Green Bond Program Frameworks From Other Agencies, Sub-Sovereigns and Sovereign Governments
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11. Green Bonds in Emerging Market Portfolios
GMSG EM Strategy
W. R. Eric Ollom
Ayoti Mittra

How big is the AUM following ESG strategies? This is a good question, as it
goes to the heart of the effectiveness of the framework. The Global Sustainable
Investment Alliance (GSIA) estimates that $30 trillion (as of April 2019) of asset
under management (AUM) is following broad “sustainable investment strategies”
across all asset classes. Much of this involves equities. As this total is from a survey
of fund managers, a significant amount of double counting may be included. The
Net-Zero Asset Owner Alliance is a UN-convened group of global asset managers
that is pledged to ESG guidelines, representing approximately $7 trillion of AUM,
and can be considered a core group of investors. For EM fixed income, the World
Bank estimates that there is $25 billion of defined EM ESG Fixed Income Assets
under management, a rather small amount compared to a $1.3 trillion asset class.
However, this only includes dedicated public portfolios. We note many asset
managers have pledged to integrate ESG standards into their overall investment
process, and the ESG influenced AUM for EM fixed income is likely many times
larger.
What are the main strategies being followed in EM? We have identified several
different types of ESG ‘mainstream' strategies being followed by EM debt investors.
All take into account ESG 'awareness', and some are more exclusionary than
others. Some seek to actively influence ESG outcomes, a strategy that may likely
gain traction going forward. Using the World Bank sample of 20 large global asset
managers, we have placed these investors into the different portfolio strategies as
we define them. Some follow more than one strategy, and hence are double
counted (Figure 53). As can be seen, the 'best in class' strategy is the most popular,
followed by 'screening'. We would argue these are very similar, as screening is
necessary to determine best in class. From an active management perspective, we
see screening as the alpha generator, yet it would require more robust and forward
looking risk assessment tools and standards than are generally available. We
discuss this dilemma later in this chapter, but suffice to say we believe these issues
will be clarified in time given the large amount of market focus on this problem.
Figure 53. Representative ESG Investment Strategies in EM Fixed Income
Strategy Category

% of Asset Managers

Investor Approach

Best-in-Class /
ESG Integration

65%

- Score Sovereigns using a proprietary ESG framework
- Mix of quantitative and qualitative analysis
- Analyze creditworthiness, spreads, and cost of borrowing
using ESG factors
- Assess strengths and vulnerabilities not visible in macro
data, improving portfolio quality
- Outperform and reward by selecting issuers with improving
and strong ESG performance

Screening

35%

- Identify and assess risk/reward in EM debt
- Mitigate risks with regard to ESG issues
- Identify areas of mispricing

Engagement

25%

- Engagement allows for full understanding of ESG risk
- Can create new investment opportunities
- Connect with government officials about their cost of
borrowing
- Far fewer opportunities to engage with sovereign issuers
than corporate

Thematic Investment

15%

- ESG factors can influence the trajectory of the economy

Source: World Bank, Company Reports, Citi Research
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Green Finance in EM: Issuance and Pricing
What qualifies and how much has come to market? The ICMA has developed
criteria of how a company or country could access the growing ESG specific
mandate through Green, Social, Sustainable and Linked frameworks (Figure 54).
These programs apply a specific set of criteria that is consistent with the UN SDGs
as set out for a country or goals set out by a company. For green bonds, a
qualifying issuer may be a company or sovereign that seeks to use proceeds from a
bond offering to invest in renewable energy projects, or green buildings, or
community environmental remediation. The issue needs to use criteria set in the
Indenture on what portion of the proceeds must be used for the green project, as
well as third party external review requirements in many cases. A Social bond is tied
to things like housing, education, and equality. While companies and sovereigns
can issue either green or social bonds, we believe companies will constitute most of
the green bonds and sovereigns most of the social bonds. Sustainable bonds are
tied more loosely to either green or social projects. Linked bonds are bonds that
have a broad allowance for use of proceeds, but have a covenant linking to an SDG
compliant program through Key Performance Indicators (KPI) like specific carbon
reduction goals. In many cases, this is an upward coupon adjustment if the KPI goal
is not achieved.
Figure 54. What Qualifies as an ESG Bond?
ESG Bond

Definition

Capital raising and investment for
Green Bond new and existing projects with
environmental benefits.

Types of Bonds
Standard Green Use of Proceeds Bond: a standard recourse-to-the-issuer debt obligation aligned
with the GBP (Green Bond Principles).

Eligible Projects

Renewable energy, energy efficiency, pollution prevention
and control, environmentally sustainable management of
living natural resources and land use, terrestrial and
aquatic biodiversity conservation, clean transportation,
Green Project Bond: a project bond for a single or multiple Green Project(s) for which the investor sustainable water and wastewater management, climate
has direct exposure to the risk of the project(s) with or without potential recourse to the issuer, and that change adaption, eco-efficient and/ or circular economy
is aligned with the GBP.
adapted products production technologies and processes.
Green Revenue Bond: a non-recourse-to-the-issuer debt obligation aligned with the GBP in which
the credit exposure in the bond is to the pledged cash flows of the revenue streams, fees, taxes etc.,
and whose use of proceeds go to related or unrelated Green Project(s).

Green Securitized Bond: a bond collateralized by one or more specific Green Project(s) and
aligned with the GBP. The first source of repayment is generally the cash flows of the asset.
Social Revenue Bond: a non-recourse-to-the-issuer debt obligation aligned with the SBP in which
the credit exposure in the bond is to the pledged cash flows of the revenue streams, fees, taxes etc.,
and whose use of proceeds go to related or unrelated Social Project(s).

Raise funds for new and existing
Social Bonds projects with positive social
outcomes.

Standard Social Use of Proceeds Bond: a standard recourse-to-the-issuer debt obligation aligned
Affordable basic infrastructure, Access to essential services,
with the SBP.
Affordable housing, Employment generation, Food security
Social Project Bond: a project bond for a single or multiple Social Project(s) for which the investor and sustainable food systems, Socioeconomic
has direct exposure to the risk of the project(s) with or without potential recourse to the issuer, and that advancement and empowerment.
is aligned with the SBP.
Social Securitized and Covered Bond: a bond collateralized by one or more specific Social
Project(s) This type of bond covers, for example, covered bonds backed by social housing, hospitals,
and schools.

Proceeds will be exclusively applied
Sustainable
The four types of Green Bonds and Social Bonds referred to in the Appendix I of the GBP and the
to re-finance a combination of both
Bond
SBP. Respectively applies to Sustainability Bonds when Green and Social Projects are combined.
Green and Social projects.
Type of bond instrument for which
the financial and/or structural
Sustainability
characteristics can vary depending
Linked
on whether the issuer achieves
Bonds
predefined Sustainability/ ESG
objectives.

Source: ICMA, Citi Research
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The cornerstone of a SLB is that the bond’s financial and/or structural characteristics can vary
depending on whether the selected KPI (Key Performance Indicators) reach (or not) the predefined
SPT (Sustainability Performance Targets). The SLB will need to include a financial and/or structural
impact involving trigger event(s). Potential coupon variation is the most common example, but it is
also possible to consider the variation of other SLB’s financial and/or structural characteristics.

The proceeds of SLBs are intended to be used for general
purposes, hence the use of proceeds is not a determinant
in its categorization. Regardless, in select cases, issuers
may choose to combine the GBP/SBP approach with the
SLBP.
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ESG bond issuance has been accelerating the past few years but remains a
relatively small part of the overall primary activity in EM credit with $128
billion issued since 2015 (Figure 55 and Figure 56). Green issuance is by far
the largest type of structure used with $103 billion, and corporations and
financial institutions far exceed sovereigns in terms of outstanding bonds. In
Figure 57 and Figure 58, we show a variety of ESG bond statistics by issuance,
composition in the Citi FTSE EMBBI index, and a table of selected 'case studies' of
ESG bond issuers. Asian issuers are the largest region, and financials are the
largest sector (in many cases, its Asian banks doing the issuance).
Figure 55. Regional Issuance of ESG Bonds (2015-2020)

Figure 56. Annual Issuance of ESG Bonds
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Figure 57. Citi Index: EMBBI ESG Bonds

Figure 58. Citi Index: EMBBI ESG by Sector
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Beware of 'greenwashing'. Criticisms of the ICMA framework mainly fall under
the idea of 'greenwashing'. This basically recognizes that money is fungible,
and proceeds meant to be used for a designated green or social project may
in fact be used for something else. It also means that without an external review
of how the money is spent, investors have no way to verify the use of proceeds.
Depending on how stringent the ESG strategy being followed by investors is, any
ESG compliant bond that becomes considered non-compliant may be excluded
from an ESG portfolio, and any pricing premium associated with that issuance may
be lost. In other words, the cost of non-compliance is borne by investors, not
issuers. In KPI-linked bonds, the upward coupon adjustment compensates investors
in the event the KPI goals are not achieved. For this reason, this is our preferred
structure as it best protects investors.
© 2021 Citigroup
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Green finance in practice: how does the EM world price ESG bonds? This is an
interesting question, as other than the KPI-linked bonds, there is nothing
differentiating a Green or Social bond as anything different in credit terms from a
non-ESG bond. Default risk is the same, recovery in default presumably would be
the same, and at maturity, you get your money back at par. Our analysis finds that
ESG compliant bonds typically price 10-20 basis point through the existing
curve. However, we also note that all ESG compliant bonds are not treated the
same way. 'Green bonds' typically price through their curve, but pricing of
'Sustainable bonds' has been more mixed. In Figure 59 we show the pricing of
green/social/sustainable bonds. There is also a distinction between investment
grade (IG) and high yield (HY) issuer.
Figure 59. Case Studies: Selected Sovereign and Corporate ESG Issuance

Issuer

Type of Structure

Use of Proceeds

External
Audit

KPILinked

Specified Targets

ESG
spread
Compression differential
at new issue of ESG vs.
Non-ESG

Sovereign
Ecuador Social Bond SARL

Social

Affordable Housing

Yes

No

Guatemala

Social

Eligible Social Investments

Yes

No

Mexico

Sustainability

Fund programs aligned with the
SDGs.

No

No

Chile

Green

Eligible Green Projects

Yes

No

Indonesia

Green (Sukuk)

Eligible Green Projects

Yes

No

Yes

Yes

Support Ecuador to finance its social housing
program, reducing the housing deficit and
promoting economic growth, by providing mortgages
to the Program beneficiaries
COVID-19 response, food security, affordable basic
infrastructure, access to essential services,
socioeconomic advancement and empowerment
No specific targets but the Government of Mexico is
committed to the SDG goals and therofore will use
proceeds towards poverty alleviation and equality
Green projects - portfolio included projects from Clean
Transporation sector that were certified by Climate
Bonds Initiative
Combat climate change and reducing GHGs
emission. 100% of the proceeds go to
finance/refinance green projects in 9 eligible sectors
which fall under 3 shades of green.

NA

NA

NA

NA

NA

NA

-13

-6

-8

-2

-42

-37

-21

-5

20

-7

-40

34

-11

-15

Corporates
Suzano

Sustainability Linked Finance Tender

Saudi Electric

Green

Eligible Green Projects (objectiveClimate Change Mitigation)

Yes

No

Celulosa Arauco

Sustainable

Eligible Green and Social Projects

Yes

No

China Construction bank

Green

Eligible green bonds

No

No

QNB

Green

Eligible green bonds

Yes

No

Reduce Greenhouse Gas Emissions Intensity to
0.181 tCO2e/ton by end of 2030, a 15% reduction
compared to 2015. 2025 target is 0.190 tCO2e/ton, a
10.9% reduction.
Reduce Scope 1 (direct) and 2 (indirect) emmissions
by 25% by 2025 to the 2016 baseline. Increase
renewable capacity to 27.6 GW by 2025.
Re-value 50% of industrial waste in 2020 (an increase
from 38% in 2019). Aim to certify carbon neutrality in
2020.
Mertro projects for clean transportation in the Sichuan
and Yunan Province
allocate the proceeds from green, social and
sustainability bonds to an eligible green and social
loan portfolio.

Source: Company Reports, Citi Research

Measuring the amount of ESG IPT compression. Our calculation is fairly simple.
Using the issue date of the ESG compliant bond, we construct a spread/yield curve
of a non-ESG curve of the same issuer on that given date. We use this non-ESG
curve to determine what the fair value would be if the new bond was a regular, i.e.,
non-ESG bond. Based on this 'fair-value' we subtract the final issue spread. This is
our ESG compression. We should also highlight that our analysis does not take into
account any 'new issue concession' that typically ranges from 5-25bp depending
upon market conditions and rating category. If we add this 'new issue concession'
then the compression for the ESG bonds will be even larger than we currently
calculate. It is noteworthy that KPI-linked bonds have the largest concession, which
is consistent with our view that KPI-linked bonds have real teeth, and the cost of
non-compliance with the SDG goals falls on the issuer through higher
compensation, and not the investor via normalizing at the issuer yield curve for nonESG issues.
© 2021 Citigroup
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Figure 60. Sovereign and Corporate ESG Premium is Roughly 10bp for Investment Grade

Issue
Date

Maturity
Date

IPT (bp):
A

Issue
Spread
(bp): B

ESG
com pression to
Com pression existing curve
(bp): (A)-(B)
Rating
(bp)

Indonesia

6/16/2020

23-Jun-25

T+265.5

T+195.3

70

-13

BBB

Chile

1/22/2020

25-Jan-50

T+120.0

T+105.0

20

-4

A

Chile

1/22/2020

27-Jan-32

T+95.0

T+80.0

15

-13

A

Korea

6/12/2019

19-Jun-24

T+55.0

T+30.0

25

-14

AA

Indonesia

2/12/2019

20-Aug-24

T+170.0

T+140.7

29

-7

BBB

Indonesia

2/22/2018

1-Mar-23

T+139.0

T+109.5

29

-8

BBB

SAUDI ELEC GLB SUKUK

10-Sep-20

17-Sep-30

T+200

T+173

-27

-21

A-

SAUDI ELEC GLB SUKUK

10-Sep-20

17-Sep-25

T+170

T+147

-23

-7

A-

CHINA CONSTRUCT BANK/HK

28-Jul-20

4-Aug-25

T+150

T+105

-46

-89

BBB+

Corporates

CHINA CONSTRUCT BANK/HK

28-Jul-20

4-Aug-23

T+135

T+93

-42

-65

BBB+

QNB FINANCE LTD

15-Sep-20

22-Sep-25

T+160

T+141

-19

-11

AA-

KOREA GAS CORP

9-Jul-19

16-Jul-29

T+120

T+93

-28

-2

AA

CELULOSA ARAUCO CONSTITU 24-Oct-19

29-Jan-30

T+265

T+245

-20

27

BBB-

CELULOSA ARAUCO CONSTITU 24-Oct-19

29-Jan-50

T+315

T+295

-20

20

BBB-

15-Jan-31

T+380

T+325

-55

-42

BBB-

SUZANO AUSTRIA GMBH

10-Sep-20

Source: Bond Radar, Bloomberg, Citi Research. Note: Bond rating is the average of Moody’s, Fitch & S&P ratings

Does the IPT concession hold up over time? By looking at the current spread
differential between ESG bonds and non-ESG bonds in Figure 60, we see that the
differential more or less holds over time, except for those in the HY sector (many
idiosyncratic factors may be at work) and those issues that lack an external review
on compliance with stated goals.
Green Finance in EM is growing and investors see value in it. Given the strong
interest in building ESG compliant portfolios, investor demand has been strong for
these products and the market is willing to own them through the normal yield curve
of the issuer. The lone exception is the Sustainable framework, which has weak use
of proceeds and verification language. Linked bonds, however, are the most desired
as they offer investors compensation for non-compliance with stated SDG goals.
They also offer issuers more flexibility in use of proceeds.
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12. Green Securitization
Global Securitized Products
Mary Kane
Roger Ashworth
Jeff Berenbaum

Securitization is a broad term, but is simply a specialized secured financing
technique utilized in both private and public markets. In this section, we
discuss public or quasi-public (144-A) securities issued in term capital
markets. Briefly, securitization financing utilizes a special purpose financing vehicle
(SPV) or trust to own a designated pool of assets, which is bankruptcy remote from
the assets of the selling entity. The sale of the assets to the SPV is referred to as a
'true sale' and the assets are independent of the seller/originator. The SPV issues
bonds secured by the trust assets and the related cash flows the assets generate
for the trust. The structure typically prioritizes the cash flows, facilitating the creation
of assorted classes of bond credit risks, typically rated from triple-A to noninvestment grade. Rating agencies define their methodologies for rating
securitizations by product and these criteria are widely available.
Term securitization in the capital markets is useful in that it can re-finance a
critical mass of smaller projects initially financed by banks in conduits or on
balance sheet. The term securitization market also refinances assets originated by
finance companies and other lenders and provides a capital markets takeout on a
term basis. Moreover, ‘tranching’ cash flow creates an assortment of credit risks
specifically tailored to investors’ risk and maturity preferences.
‘Green securitization’ has financed a diverse variety of assets over time, and
the most well-known are green bonds issued by the U.S. housing finance
Agencies (Freddie Mac / Fannie Mae). Their respective shelves finance both
residential and commercial multi-family properties and the primary purpose is to
promote more energy-efficient housing. These securitizations additionally promote
more diversity of ownership and housing affordability.

Securitization Financing for Decarbonization
The securitization market is addressing the significant financing needs for
decarbonization in multiple ways, from residential mortgage green bonds to
commercial mortgages for more energy-efficient multifamily properties. In the assetbacked market, a wide range of diverse structures finance needs ranging from
installment loans for home improvement to auto loan asset-backed securities (ABS)
dedicating the proceeds for the purchase of hybrid vehicles. We briefly discuss
some of these.
 World’s Biggest Green Bond Issuer: Fannie Mae has been the world’s

largest 'green bond' issuer for several years; its multifamily green bond
program has $75 billion outstanding. Freddie Mac introduced its KG shelf in
2019, combining environmental and social impact benefits. The mortgage
Government Sponsored Entities (GSEs) Fannie Mae and Freddie Mac are taking
a leading role in reporting and transparency, with environmental impact estimates
on bonds.
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 Other Green ABS Sectors Support Decarbonization: Other 'green' sectors

Figure 61. Total Green Bond Supply

include solar lease/loan ABS, commercial and residential PACE (propertyassessed clean energy financing), and select auto ABS. There is potential to
expand financing for utilities and other projects. Total 2019 green ABS amounted
to roughly $2.8 billion.

300

Issuance (US$bn)

February 2021

250
200

 Crisis Lessons Learned: In many ways, the lessons learned from the
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financial crisis have instilled sounder ESG investing practices for
securitizations than other capital markets. Dodd-Frank and other post-crisis
regulations have imposed market discipline, contrasting with excesses observed
in other markets.
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Figure 62. Green Multifamily MBS Supply
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Securitization Supports Green Finance
Multifamily Properties and Energy Efficiency
Securitization houses the largest Green Bond issuer. In 2019, global Green
Bond issuance surged to a record $255 billion, up 49% from $171 billion in 2018
(Figure 61). Securitization comprised about $33 billion of the total, driven in large
part by Fannie Mae’s $22.8 billion of green multifamily supply (Figure 62). This
makes the Government Sponsored Entity (GSE) the world’s largest issuer
according to the Climate Bonds Initiative. More recently, Fannie Mae started issuing
Green Bonds collateralized by single-family mortgages which could expand
reporting to the ~$6 trillion outstanding agency mortgage-backed security (MBS)
market.
 Green bonds are used to finance sustainability projects, such as renewable

energy, energy efficiency, sustainable transportation, water quality and
conservation, and green buildings, according to Green Bond Principles.21
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Source: Fannie Mae, Freddie Mac, Citi Research

Enhanced Disclosures/Benchmarks on Commercial Properties
As the world’s largest issuer, Fannie Mae has taken a leadership role in
reporting and transparency. The GSE publishes impact reports highlighting
Fannie Mae’s multifamily Green Bond efforts, including progress on detailed
reporting.22 Fannie also now publishes estimates of the projected environmental
impact of each Green MBS and an allocated portion to each bond which includes
metrics like projected annual energy/water savings and CO2 emissions.
In addition, 28 cities now require annual benchmarking, according to a tally
by the Institute for Market Transformation. Benchmarking data should allow
investors to assess building energy use and emission levels and gauge
performance relative to other buildings. This could become key information as
investors seek tangible parameters for ESG allocations to commercial mortgagebacked securities (CMBS). At the very least, the benchmarking data could help
investors demonstrate how they process and monitor environmental considerations
in their portfolios.

21

Green Bond Principles: Voluntary Process Guidelines for Issuing Green Bonds, ICMA,
June 2018.
22 “Multifamily Green Bond Impact Report: 2012-2018,” Fannie Mae, March 2019.
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Consumer ABS and Decarbonization
 Hybrid/Electric Auto Financing: Toyota has originated the largest and most

significant 'green; ABS to date, issuing a standard securitization that dedicates
100% of the proceeds for financing hybrid vehicles and vehicles meeting specific
criteria like fuel efficiency. Toyota began its green ABS program in 2014 and has
issued a handful of deals which typically range in size from roughly $1.5 billion to
$2.0 billion. These green ABS have experienced strong demand and
demonstrate that there is a viable market for such investments.
Given the significant strides the auto OEMs have made in reducing vehicles’
carbon footprint, it is perhaps surprising that only one auto OEM to date has
brought a green bond shelf to market. The reason for this is multifold, ranging
from the additional and ongoing reporting burden to de minimis cost savings for
issuing a green bond. The deal economics or reporting expectations might
change in the future and the sector might take a more prominent role in such
financing transactions.
 Solar in ABS: We count five issuers that have solar-related bonds outstanding.

The underlying assets range from solar leases to unsecured consumer loans that
have a purpose of achieving more consumer energy efficiency. Some of these
loans have a purpose of purchasing, rather than leasing, solar panels. These
transactions range in size from about $50 million to $500 million, which is small
by ABS market standards. The volume of new issuance for solar transactions
amounted to nearly $2.0 billion in 2019. The most recent solar lease transaction
in 2020 was a small ($250m) deal rated single-A at the senior level. A total of
$1.1 billion from 4 solar shelves was priced in 2020.
 Some Solar is debated: But other solar deals bring controversy. PACE

(property-assessed clean energy financing) lien ABS are controversial because
they represent a lien on the property with a super-senior interest ranking above
the first mortgage lender. While government mortgage agencies object, the
securitization issuance of these solar and efficiency finance loans during 2019
was $705m. Supply amounted to only $480 million from three shelves through
October 2020.
 Energy efficiency loans may grow: Certain renewable energy asset classes

have the potential to be more meaningful and 'cleaner' in the future, such as the
securitization of on-bill clean energy loans. At least 20 states have approved their
utilities to make personal and commercial loans for upgrading the related
property owners’ energy efficiency. Securitization seems like a natural financing
source (Figure 63).

Figure 63. 'Green' Securitized Supply (2017-2019, $mn)
Solar
PACE
Stranded Assets
Total ABS
Agency CMBS
Source: Bloomberg, Fannie Mae, Freddie Mac
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Measuring Green in Securitization is Not Clear Cut
While the “E” can be easier to quantify, “S” and “G” don’t appear as clear cut.
A variety of factors may influence ESG ratings and affect investment considerations,
even within an asset class. Structured securities depend not only on collateral
risk but equally importantly seller/servicer risk. Seller/servicer size,
capitalization, liquidity sources, length of operating history, underwriting standards,
management and other factors merit scrutiny. Structure and credit enhancement
attempt to mitigate some of the other risks that may reside in the trust but cannot
compensate for all. For example, the senior class ratings of aircraft ABS top out at
single-A, owing to collateral and industry concentrations and other unique structural
and business risks. Or consider mortgage lending to support home ownership; is
that a social good or potentially predatory underwriting? Existing loan level data
may be sufficient to many investors, but more detailed reporting may be necessary
to fully evaluate the 'green-ness' of an asset class and issuer.

Relevance and Materiality
Many rating agency scorecards and methodologies try to decide if an ESG
issue is relevant for a particular rating and whether or not it has a material
outcome on the rating. In most cases, the ultimate ESG evaluation relies on the
analyst rating a particular security. Most rating agency commentary highlights that
ESG is another way of stating credit risks that were always considered.

Securitization Itself Has Green Shoots
While we focus on some of the greenest finance in securitization in our
discussion, it’s important to note that securitization serves other green roles
like provide a significant subsidy towards home ownership with mortgage
backed securities in the U.S. In addition, securitization itself contains many
green characteristics. It is an efficient form of transferring risk and usually
bankruptcy remote. Finally, the historical practice of providing detailed, transparent
collateral information should help expand socially responsible investing in the future.
Figure 64 includes some ESG considerations for securitizations.
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Figure 64. Some ESG Investment Considerations for Securitizations

Source: Citi Research

© 2021 Citigroup

97

Citi Global Perspectives & Solutions (Citi GPS) is designed to help our clients
navigate the global economy’s most demanding challenges, identify future themes and
trends, and help our clients profit in a fast-changing and interconnected world. Citi GPS
accesses the best elements of our global conversation and harvests the thought
leadership of a wide range of senior professionals across the firm.
All Citi GPS reports are available on our website www.citi.com/citigps
Electric Vehicle Transition

Investment Themes in 2021

February 2020

January 2021

The Global Art Market and
COVID-19
Innovating and Adapting
December 2020

Education: Fast Forward to
the Future

The Holistic Case for
Investment in Girls

Closing the Racial
Inequality Gaps

October 2020

September 2020

Negative Interest Rates
Where Is the Real Limit to
Cheap Money?
July 2020

ePrivacy & Data Protection
Data Privacy & its Influence
on AI Ethics, Competition &
Tech Evolution
July 2020
5G and Mobile Operators
Is Virtual Becoming Real?
April 2020

Technology at Work v5.0
The New Normal of Remote
Work
June 2020

October 2020

Closing the Loop on Global
Recycling
Finding a Global Solution to
the Patchwork of Recycling
February 2020
Building a TCFD With Teeth
What the Markets Need to
Price Climate Risk
February 2020

Disruptive Innovations VII
Ten More Things to Stop and
Think About
February 2020

Experiential Commerce
A Brave New World
January 2020

Investment Themes in 2020
January 2020

Banking the Next Billion
Digital Financial Inclusion in
Action
January 2020

Corporate Finance
Priorities 2020
January 2020

Car of the Future v4.0 –
2020 Update
The Race for the Future of
Networked Mobility
January 2020

The Global Art Market
Drivers of Evolution

Education: Power to the
People
Exploring Opportunities for
Private Capital in Education
November 2019

December 2019
Digitizing Governments
The Journey to Enacting a
Digital Agenda
October 2019

Electric Aircraft
Flightpath of the Future of Air
Travel
September 2019

Energy Darwinism III
The Electrifying Path to Net
Zero Carbon
September 2019

For Better Or Worse, Has
Globalization Peaked?
Understanding Global
Integration
August 2019

Factory of the Future
Flexible, Digitized, and
Sustainable
July 2019

Technology at Work v4.0
Navigating the Future of Work
June 2019

Video Games: Cloud
Invaders
Bracing for the Netflix-ization
of Gaming
June 2019

Managing Cyber Risk with
Human Intelligence
A Practical Approach
May 2019

Bank X
The New New Banks
March 2019

2019 Corporate Finance
Priorities
January 2019

Investment Themes in 2019
January 2019

Car of the Future 4.0
The Race for the Future of
Networked Mobility
January 2019

China’s Belt and Road
Initiative
A Progress Report
December 2018

Feeding the Future
How Innovation and Shifting
Consumer Preferences Can
Help Feed a Growing Planet
November 2018

Citi GPS: Global Perspectives & Solutions

100

February 2021

IMPORTANT DISCLOSURES
This communication has been prepared by Citigroup Global Markets Inc. and is distributed by or through its locally authorised affiliates (collectively, the "Firm")
[E6GYB6412478]. This communication is not intended to constitute "research" as that term is defined by applicable regulations. Unless otherwise indicated, any reference to a
research report or research recommendation is not intended to represent the whole report and is not in itself considered a recommendation or research report. The views
expressed by each author herein are his/ her personal views and do not necessarily reflect the views of his/ her employer or any affiliated entity or the other authors, may differ
from the views of other personnel at such entities, and may change without notice.
You should assume the following: The Firm may be the issuer of, or may trade as principal in, the financial instruments referred to in this communication or other related
financial instruments. The author of this communication may have discussed the information contained herein with others within the Firm and the author and such other Firm
personnel may have already acted on the basis of this information (including by trading for the Firm's proprietary accounts or communicating the information contained herein to
other customers of the Firm). The Firm performs or seeks to perform investment banking and other services for the issuer of any such financial instruments. The Firm, the Firm's
personnel (including those with whom the author may have consulted in the preparation of this communication), and other customers of the Firm may be long or short the
financial instruments referred to herein, may have acquired such positions at prices and market conditions that are no longer available, and may have interests different or
adverse to your interests.
This communication is provided for information and discussion purposes only. It does not constitute an offer or solicitation to purchase or sell any financial instruments. The
information contained in this communication is based on generally available information and, although obtained from sources believed by the Firm to be reliable, its accuracy
and completeness is not guaranteed. Certain personnel or business areas of the Firm may have access to or have acquired material non-public information that may have an
impact (positive or negative) on the information contained herein, but that is not available to or known by the author of this communication.
The Firm shall have no liability to the user or to third parties, for the quality, accuracy, timeliness, continued availability or completeness of the data nor for any special, direct,
indirect, incidental or consequential loss or damage which may be sustained because of the use of the information in this communication or otherwise arising in connection with
this communication, provided that this exclusion of liability shall not exclude or limit any liability under any law or regulation applicable to the Firm that may not be excluded or
restricted.
The provision of information is not based on your individual circumstances and should not be relied upon as an assessment of suitability for you of a particular product or
transaction. Even if we possess information as to your objectives in relation to any transaction, series of transactions or trading strategy, this will not be deemed sufficient for
any assessment of suitability for you of any transaction, series of transactions or trading strategy.
The Firm is not acting as your advisor, fiduciary or agent and is not managing your account. The information herein does not constitute investment advice and the Firm makes
no recommendation as to the suitability of any of the products or transactions mentioned. Any trading or investment decisions you take are in reliance on your own analysis and
judgment and/or that of your advisors and not in reliance on us. Therefore, prior to entering into any transaction, you should determine, without reliance on the Firm, the
economic risks or merits, as well as the legal, tax and accounting characteristics and consequences of the transaction and that you are able to assume these risks.
Financial instruments denominated in a foreign currency are subject to exchange rate fluctuations, which may have an adverse effect on the price or value of an investment in
such products. Investments in financial instruments carry significant risk, including the possible loss of the principal amount invested. Investors should obtain advice from their
own tax, financial, legal and other advisors, and only make investment decisions on the basis of the investor's own objectives, experience and resources.
This communication is not intended to forecast or predict future events. Past performance is not a guarantee or indication of future results. Any prices provided herein (other
than those that are identified as being historical) are indicative only and do not represent firm quotes as to either price or size. You should contact your local representative
directly if you are interested in buying or selling any financial instrument, or pursuing any trading strategy, mentioned herein. No liability is accepted by the Firm for any loss
(whether direct, indirect or consequential) that may arise from any use of the information contained herein or derived herefrom.
Although the Firm is affiliated with Citibank, N.A. (together with its subsidiaries and branches worldwide, "Citibank"), you should be aware that none of the other financial
instruments mentioned in this communication (unless expressly stated otherwise) are (i) insured by the Federal Deposit Insurance Corporation or any other governmental
authority, or (ii) deposits or other obligations of, or guaranteed by, Citibank or any other insured depository institution. This communication contains data compilations, writings
and information that are proprietary to the Firm and protected under copyright and other intellectual property laws, and may not be redistributed or otherwise transmitted by you
to any other person for any purpose.
IRS Circular 230 Disclosure: Citi and its employees are not in the business of providing, and do not provide, tax or legal advice to any taxpayer outside of Citi. Any statements
in this Communication to tax matters were not intended or written to be used, and cannot be used or relied upon, by any taxpayer for the purpose of avoiding tax penalties. Any
such taxpayer should seek advice based on the taxpayer’s particular circumstances from an independent tax advisor.
© 2021 Citigroup Global Markets Inc. Member SIPC. All rights reserved. Citi and Citi and Arc Design are trademarks and service marks of Citigroup Inc. or its affiliates and are
used and registered throughout the world.

© 2021 Citigroup

February 2021

© 2021 Citigroup

Citi GPS: Global Perspectives & Solutions

101

Citi GPS: Global Perspectives & Solutions

102

© 2021 Citigroup

February 2021

February 2021

Citi GPS: Global Perspectives & Solutions

NOW / NEXT
Key Insights regarding the future of Climate Finance

REGULATION

The Paris Agreement was the first step in pulling together a coordinated response
to climate issues. / New momentum on global coordinated climate policy looks
possible despite the recession brought on by the COVID-19 pandemic as
commitments to net zero emissions targets are being made both by countries and
companies.

INNOVATION

Decarbonization needs to take place across the power, transportation, industrial,
agriculture, and building sectors as part of a portfolio of mitigation. / Financial
innovation and investor comfort with emerging technologies is increasing, but earlystage technology risks are acute. Blended public/private finance could help derisking.

SUSTAINABILITY

The demand for private funding to finance Paris Agreement commitments is huge,
as is the desire from investors to put green finance to work. But the hurdles to
investing in green projects are significant. / The $3-$5 trillion investment gap must
be closed to meet climate goals and the solution includes both public and private
investment A green framework is essential for green finance to truly flow.
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