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Abstract
The present paper examines the role that green bonds can play in financing the

transition to low carbon economy. We first establish the need for central banks to
respond to climate change challenges and we present the main ways in which they can
get involved. We explain why green bonds should be used as an instrument of choice
for financing the low carbon transition, based, on the one hand, on the theoretical
argument of intergenerational burden sharing and, on the other hand, on the practical
need of large long-term infrastructure investments. After defining green bonds, we
present their main characteristics. We then summarize the development of the green
bond market in the last decade. We conclude by presenting ways in which to respond
to existing challenges and barriers, so that the green bonds market develops further.
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1. Introduction

In recent years there is increasing recognition of the importance of the financial
risks associated with climate change. The literature has identified three types of
climate-related financial risk: Physical: risks that could arise from climate and
weather-related events, such as floods and storms, which can damage productive
capital or disrupt trade. Liability: risks that could arise from parties who have suffered
loss or damage. Transitional: risks that could arise from the process of adjusting to a
lower-carbon economy, such as changes in technology, policy, or investors'
expectations. For example, moving away from fossil fuel would decrease the value of
the related financial assets inflicting losses to all investors holding these assets,
including pension funds and insurance companies (Bank of England, 2015). If
physical damages from climate change increase fast, a rapid transition away from
fossil fuels will become inevitable and the subsequent fall in fossil fuel related
financial assets will be significant enough to pose a threat to the stability of the

financial system.

Over the past few years central banks acknowledged the potential systemic risk
that climate change and the transition away from fossil fuels could pose to the
financial system. In his widely referenced speech in September 2015, Mark Carney,
Governor of the Bank of England and Chairman of the G20's Financial Stability
Board, acknowledged the potential threats of climate change to financial resilience
and the need for coordinated action by the financial sector to facilitate the efficient
transition to a lower-carbon economy. In his words, "with better information as a
foundation, we can build a virtuous circle of better understanding of tomorrow's risks,
better pricing for investors, better decisions by policymakers, and a smoother
transition to a lower-carbon economy." (Carney, 2015). Although, following Carney,
a number of authors (for example Batten et al., 2016) and financial authorities
recognized the above mentioned threats (among others, European Systemic Risk
Board, 2016), the reaction has been yet very slow and hesitant, involving mainly
suggestions and recommendations. These include first, the advice to firms to disclose
information regarding their emissions (Task Force on Climate-related Financial
Disclosures, 2016). For this to be effective the development of a standardized method
to disclose such information is required. The second recommendation concerns the

development of specific stress-tests that will assess the risk climate change poses to



the financial sector. Third, the use of lower reserve requirements for commercial
banks and other institutions that have a higher share of green lending has been
proposed (Campiglio, 2016). Actually, Banque du Liban, the central bank of Lebanon
is already implementing such a policy (Banque du Liban, 2010 and 2009). Fourth,
there is an extensive discussion of the environmental effect of quantitative easing
(large-scale asset purchases, mainly government bonds but also corporate bonds and
equities via open market operations). This discussion leads to the argument that a

significant portion of these purchases should be directed toward green bonds.

In what follows we will first discuss whether and how central banks should
respond to climate change challenges, briefly going through the main proposals.
Section 3 will focus on what we consider as the main two reasons for promoting the
use of green bonds: the theoretical issue of intergenerational equity and the practical
need of large infrastructure investments. Section 4 will present the main
characteristics of green bonds, focusing on those that they pose challenges in further
developing the market. Section 5 will summarize the historic development of the
green bond market emphasizing its potential. The final Section will summarize the
discussion and present some proposals for the further development of the green bond

market.

2. The role of Central Banks in responding to climate change
challenges

There is almost unanimous international consensus that "warming of the climate
system is unequivocal" and that "human influence on the climate system is clear"
(IPCC, 2014). Thus, decisive and speedy policy action to mitigate climate change is
required. At the international level the coordination of actions is undertaken by the
United Nations Framework Convention on Climate Change (UNFCCC) that
established the target to limit the increase in average global temperatures to 2°C, a
target that was revised to 1.5°C at the 21* Conference of the Parties (COP 21) in Paris
in November 2015. In order to achieve limits of this range, a certain cap in the stock
of greenhouse gases in the atmosphere should be placed. As illustrated in Figure 1
below, in order to limit the "total human-induced warming to less than 2°C relative to

the period 1861--1880 with a probability of >66% would require cumulative CO,



emissions from all anthropogenic sources since 1870 to remain below about 2900
GtCO," (IPCC, 2014, p.10). This amount defines the so-called "carbon budget".
Given the amount of CO, emitted up to now, it has been estimated that the remaining
cumulative carbon budget, consistent with keeping global warming below 2°C, is

1000 GtCO, (Gignac and Matthews, 2015).
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Figure 1. Warming versus cumulative CO2 emissions
Source: IPCC 2014, Figure SPM.5 (b)

According to these data, strong action is required to curb CO, emissions.
Following COP 21 in Paris, 165 countries have already submitted their pledges,
known as the Nationally Determined Contributions (NDCs), to reduce their
greenhouse gas (GHG) emissions (which can be accessed at UNFCC, NDC Registry,
http://www4.unfccc.int/ndcregistry/Pages/All.aspx). Governments will attempt to
fulfill these promises using fiscal policy instruments that include, apart from direct
spending, market instruments such as taxation and carbon markets. However, recent
literature shows that fiscal instrument might not be enough to fulfill these pledges and
most importantly that much stronger action is needed relative to the Paris NDCs.
Furthermore, it has been suggested that following 2030 "...challengingly deep and
rapid mitigation" will likely be required (Millar et al., 2017). Even if it was possible

to implement the necessary fiscal policies, their cost could hinder current economic



growth raising issues of intergenerational equity. This argument was recently made by
Sachs (2014) who suggested that the introduction of debt financing of current climate
mitigation actions could be a more just solution. This is so since at least part of the
payments of debt will be made by taxing future generations. Sachs (2014) was the
first to present the intergenerational burden sharing solution through a formal, though
simple, overlapping generations model. He demonstrated that such a combination of
fiscal and financial instruments could yield a Pareto efficient solution to climate
mitigation. In the next Section we will briefly present Sachs' work and the recent

extensions by Flaherty et al. 2016, Andersen et al. 2016 and Orlov et al., 2018).

The need for further and very rapid action to limit the increase in global
temperature, avoiding physical and liability risks, as well as the need to control the
resulting high transition risks in the financial markets, have prompted the discussion
regarding the role that central banks could play in the transition to the low carbon
economy. Central Banks' reaction up to now has been reluctant, based mainly on the
neutrality of their role. Most of the advanced economies' Central Banks have been
granted, since the 1990s, operational independence and their mandate has been
focused mainly on price stability, that is, controlling inflation rate typically below 2%.
However, Central Banks' mandate was not always limited to financial and price
stability and, as public institutions, have supported in the past wider public objectives,
including high employment, exchange rate stability, the control of government
deficits and the support of strategic industrial sectors. Furthermore, responding to the
last economic crisis, Central Banks have been involved in large scale transactions of
existing financial assets (mainly government but also private bonds), via Quantitative
Easing (QE) programmes. These supposedly market-neutral interventions have been
criticized extensively for showing an "unintended structural bias towards carbon-
intensive industry." (Matikainen et al., 2017). Despite efforts to ensure sector
neutrality, QE programmes exhibit biases towards high carbon assets, such as for
example, loans to conventional technology car manufacturers. The criticism to the QE
programmes, combined with the financial risks associated with climate change and
the fact that the low-carbon transition requires a vast amount of long term
investments, are the main reasons supporting the idea of extending the role of Central
Banks in assisting the low carbon transition (see for example Campiglio et.al., 2018).

In some emerging and developing countries the Central Bank's mandate is broader



and closely connected to the government's objectives, which allows them to support
social and environmental goals more directly. However, Central Banks in high-
income countries are not expected to widen their mandate and there are a number of
arguments that support this choice. Apart from the theoretical arguments against
policy discretion laid out in a general context by Kydland and Prescott (1977) and
with emphasis on Central Banks' credibility by Blinder (2000), one should also
consider the costs that possible extra responsibilities will place on Central Banks and
the extent to which institutions that are managed by non-elected officials should be

given the power to decide over social and environmental issues.

Even in the case that Central Banks do not change their mandate, it is clear that
the importance of the climate change problem will require their active involvement in
assisting the low-carbon transition. Central Banks can get involved in a number of
different ways. In the medium to long term, the main goal should be the integration of
environmental and social factors and especially climate-related criteria, into their
investment strategy. Immediate results could be derived by directing more capital
towards low-carbon economy activities in the framework of the ongoing QE
programmes. Actually, many experts and policymakers have already suggested a
"green" QE-programme (for example see Murphy and Hines, 2010). Another option is
to support the development of the Green Bonds market. Furthermore, similar

principles could be applied to Central Banks' collateral frameworks.

3. The case for Green Bonds

In this Section we will present two arguments, one theoretical and one practical,
in support of the use of bonds in financing the transition to low carbon economy. The
first argument is that green bonds, as debt financing instruments, could help spread
the cost of the transition in a more just and efficient way across generations. To
develop this argument we will briefly review the growing part of the literature
initiated by Sachs' work in 2014. The second argument is the practical need for
extremely large long-term investments to finance the transition. We will briefly
present the investment requirements and explain why green bonds are the best vehicle

to finance low carbon infrastructure.



3.1.Intergenerational equity

One of the arguments for using bonds to finance climate change mitigation, is
that at least part of the necessary investment should be paid by future generations so
as the current generation does not carry the entire burden of climate change
mitigation. Debt financing has been historically used to finance large scale projects
such as infrastructure, stretching the repayment of the loans to a number of
generations. Climate change is by definition an intergenerational problem, since
greenhouse gasses are long-lived and their impacts will be felt long after the
emissions are generated. The issues of intergenerational justice and equity have been
raised in a number of works (see for example Page, 2006) which though focus mainly
on the fact that climate change created an intergenerational externality via which the
current generation imposes high costs on future generations. However, there is the
other side of the coin, that is, the benefits of costly action to mitigate climate change
taken by the current generation will be enjoyed by future generations. A number of
interesting questions are raised. Should the current generation choose to slow current
growth based on cheap fossil fuel energy, for example, by imposing heavy carbon
taxes, so as to move to a low carbon economy, aiming at minimizing climate change
damages to future generations? And if the answer is positive, can the current short-
sighted political system (governments are elected every four years) provide the
necessary policies? Can we find a way to distribute costs and benefits from mitigating

climate change justly across generations?

Sachs (2014) was the first to consider these questions, using a simple theoretical
overlapping-generations (OLG) model. He assumes two-period-lived agents
(generations) which work during the first period (in which they are called young)
while retiring in the second during which they support their consumption needs by
savings made during the first period. Disposable wage income during each
generation's working period is equal to the market wage w(z) minus taxes 7(?). In what
follows we will briefly present the two generation model, that is, /=1,2, which Sachs
extends to many generations. The pre-tax level of wages received in the first period is
negatively affected by greenhouse gas emission mitigation efforts AM(1), that is,
w(1l) = W — AM(1). GHG emissions in the first period, E, and mitigation efforts,
M(1), determine GHG concentrations, G (2), in the second period,

G(2) =(1-M(D)E.
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The level of wages received in the second period (by the second generation's youth)
decreases directly with the level of greenhouse gas concentrations, w(2) = W —

0G (2). Therefore, the disposable income of each young generation is,
Y(t) = w(t) —T(t).

First period mitigation efforts could be financed through taxing labor income in
the first period or by debt that will be repaid by taxing labor income of future
generations. Thus, a government that works for the benefit of all generations could
use a combination of taxes and bonds applied to each generation, so as to achieve a
balanced distribution of wealth across generations. Such a combination will consists
of transfers —7(1) that will be financed by selling equal value bonds B(2) and be
repaid by taxing youth in the second period, 7(2)=(1+r)B(2), where r is the bonds’

interest rate. The government thus sets,
T(2) _
/(1 br) = T(1).

The first generation consumes C/(/) when young, which is less than Y(1) since

they save at a rate s, in order to finance consumption C2(2) when old. Therefore,
C1(1) =1 -s)Y).

Saving are in the form of bonds and claims to physical capital,
sY(1) = B(2) + K(2).

Assuming that both physical capital and bonds yield the same net rate of return r,

consumption of the first generation when old is,
C2(2)=sY(1)) =1 +r)[B(2)+K(2)].

Production in first period relates only to labor, Q(1) = w(1)L, while in the second
relates to capital also, Q(2) = w(2)L + rK(2). Each generation’s utility U;, i =
1,2, is written as a function of disposable income, U; = U;(Y(t)). Substituting we get,

first and the second generation young’s utility,

Uy =UW —aM(1) — T(1)),

U,=U (W —0(1-M@D) + (1 + r)T(l)).

? The rate of savings is calculated so as to maximize utility in both periods.
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The government selects the effort of mitigation M(1), so as to maximize social
welfare which, taking a utilitarian approach and representing the social discount factor

with 6, is the sum of the utilities in the two generations,

U

It is clear that if § is very high, there will be minimal mitigation effort, while if § is
close to zero, M(1) will be close to one. However, intergenerational transfers can be
found that improve both generations’ utility. In this simple two period model, Sachs
considers a transfer 7(1)=— AM(1), that offsets the first generation’s cost of

mitigating emissions. With such a transfer, the second generation’s disposable income
is, Y(2) =W — 6(1 — M(1))E — AM(1)(1 +7). If 6’E/(1 Ly > A then ¥(2) is

increasing in M(1). Thus, if the present value of the benefits from one unit of
mitigation exceeds its cost, then clearly M(1)=1, that is, all emissions should be

mitigated.

In an overlapping generations model, using most of the assumptions of the
above two period model, Sachs finds such combinations of policies that allocate the
cost of climate change mitigation across generations in a Pareto efficient way. That is,
sets of policies that while leaving the current generation with unchanged disposable
income, it improves the second generation's welfare by avoiding climate change
damages. Shifting the cost of climate mitigation to future generations is justified
based on the willingness of future generations to avoid much higher costs of climate

change in the absence of climate mitigation in the first period.

Andersen et al. (2016) extended Sachs' simple OLG model by introducing the
following three elements: first, capital in the production function, making thus interest

rates endogenous,
Yeuj= H(Serj)A(Ker jLerj)=H(Ses )AKE j LT,

where, y is output, L is labor, K is capital, S;, ; is the stock of the pollutant at time 7+

and H(S) is the damage function; second, a description of how the stock of pollution is

generated, linking it to the use of capital,

Strjrr1 = (1= €)Seqj + (1 — )G (Key ),



where, € is the is the speed at which pollution is absorbed by the environment, and
1- ,u)G(KtJr j) is the pollution function; and third, a simple description of damages
as function of the stock of pollution, that is, H(S;, ;). They assume that agents in each
generation care about their consumption level during their retirement, while their
utility decreases from working during the first period. There is no intergenerational
altruism and environmental quality does not enter agents' utility function. The
government, that is assumed infinitely-lived, can undertake, at any point of time,
costly abatement activities, which it can finance either by taxation or by public
borrowing. Using this still simple, but richer than Sachs' model, they arrive at
qualitatively similar to Sachs' results. In particular they find that the government can
use a combination of taxes and bonds that ensures that no generation is made worse
off, while some are made better off and the debt is paid off in finite time. Combining
the two environmental policies (taxes and bonds) reduces pollution relative to the
business as usual scenario and no generation's utility is decreasing while some

generations' utility increases.

Flaherty et al.(2016) introduce a growth model, extending Sachs' discrete time
model to a continuous time model which embeds the stages of the overlapping
generations model into a continuous time. Abatement activities are carried out
through private agents and are financed by the issuance of green bonds. While
abatement reduces climate change impacts, sovereign debt increases. Future
generations pay back the bonds through an income tax. The continuous time model is
calibrated and the results show that through this policy, the current generation is
unaffected, while abatement activities improve the environmental well-being of future
generations. Gevorkyan et al. (2016) extends the analysis of Flaherty et al. (2016) by
considering both a carbon tax and green bonds as funding sources to mitigation and
adaptation activities. Using the Flaherty et al.(2016) continuous time growth model,
they show that using a combination of taxes and bond financing, is superior to other
policy choices. They also show that, as in the case of Flaherty et al.(2016), bonds are

repaid and the debt is sustainable within a finite time horizon.

Orlov et al. (2018) improve further the modeling framework by introducing an
explicit representation of the carbon cycle which is captured using the DICE model's
representation of the effect of carbon stock on three reservoirs for carbon --the

atmosphere, the upper ocean, and the lower ocean. Production, damages from climate
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change and the effect of abatement are modeled in a similar way to Flaherty et al.
(2016). Furthermore they consider social welfare maximization instead of just proving
the existence of Pareto improvements through the use of green bonds. That is, the
government chooses the level of GHG abatement that maximizes social welfare,
which is assumed to take the following form,

Cl—a(s)
1—a’

W) = Zt_l(l + )56 1 (s)

The authors run five different scenarios of the DICE model that incorporates the use
of bonds whose repayment value increases by a constant interest rate which is
different from the endogenously determined return on capital. A scenario i is a Pareto
improvement of social welfare relative to another scenario j if Wi(t)>W(t) for all
t=1,...,T—1, and Wy(T)>W(T). They arrive at similar results as all the above
mentioned papers; namely, that the use of green bonds to finance climate change
mitigation efforts leads to social welfare maximization. Green bonds smooth out
distortionary taxation and the speed of the transition to low carbon economy depends

crucially on the level of the interest rate.

The complexity of the problem at hand necessitates a number of assumptions
both in the theoretical modeling as well as for the numerical solutions. All theoretical
papers (Sachs 2014, Andersen et al. 2016, Flaherty et al. 2016 and Gevorkyan et al.
2016) do not model explicitly the carbon cycle. Furthermore, the two papers using
OLG models (Sachs 2014 and Andersen et al. 2016) do not examine the social
optimum but rather Pareto improvements of exogenously defined changes. Also
Flaherty et al. (2016) does not consider how the exogenously determined bond
issuance and repayment periods affect the social welfare function. Finally, Orlov et al.
(2018), the only study that integrates a climate model using the DICE model, make a
number of simplifying assumptions including a constant across time interest rate and

that the effects of climate change are the same for all regions.
3.2.The need for investment to support the low carbon transition

It is evident that the transition to a low-carbon economy requires large
investments in low-carbon and climate-resilient options in critical sectors such as
energy and transport. Although there is growing interest from private investors, it

would be impossible to mobilize the necessary amounts from either bank lending or

11



private sources of debt and equity capital. Given that the largest portion of the
necessary investment is needed for infrastructure projects, which are characterized by
high up-front capital costs that can only be recovered over a long period, it is clear

that the use of bonds in financing these projects will have to bear most of the weight.

There are many studies attempting to estimate the necessary investment in
infrastructure,” consistent with the goal of maintaining an upper limit of 2°C or lower
to average global temperatures. The Global Commission on the Economy and Climate
(GCEC) 2014, 2015 and 2016 reports estimate total basic infrastructure spending
between 2015 and 2030 at around $89 trillion. This estimate includes investments in
energy efficiency and primary energy of around $30 trillion, in addition to basic
elements of the conventional definition of core infrastructure that includes power,
transport, water and waste, and telecommunications, estimated to be around $59
trillion. Bhattacharya et al. (2016) increase the estimate for core infrastructure, mainly
in emerging markets and developing countries, by about $20 trillion to $80 trillion (or
around $5-$6 trillion on average per year). Regardless of the final estimate, it is clear
that the global need for infrastructure investment in the next fifteen years will be
extremely high. The interesting part of the GCEC (2014) report is that the additional
investment required to support the shift to low-carbon economy is only about $4
trillion over the next 15 years, or $0.27 trillion per year on average. As illustrated in
Figure 2, this is because the higher costs of energy efficiency and low-carbon energy
(estimated to be about $14 trillion) are largely offset by savings from lower
investment in fossil fuels, electricity transmission and distribution, and from a shift to
more compact cities (estimated to about $10 trillion). Although a number of other
studies increase this estimate, for example Bhattacharya et al. (2016) estimate the
additional investment needs to about $15 trillion, or $1 trillion per year, it still

remains a small fraction of total core investment needs.

3 Bhattacharya et al. (2016), provide a review of some of these studies, in Section 3.3 which are
summarized in Table 2.
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The main challenge in this very crucial period of time that an immense
renewal/addition to basic infrastructure is expected to be built, is to ensure that
investment capital is reallocated from high to low carbon options. The problem is that
low carbon investments, although they provide large social benefits, they involve, at
least at the initial stages of the market's development, low returns, higher risks and
depend heavily on policies and regulations. Thus, the necessary low carbon
infrastructure investments cannot be provided by private markets without the public
sector's intervention. Although bank and corporate financing has been and will

continue to be an important source, it is clear that it cannot meet the very high needs
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for the transition, which as discussed above range between $0.27 to $1 trillion. Bond
markets could play a crucial role in filing the gap and raise the necessary financing for
low-carbon development. OECD (2017) provides a number of reasons why bonds are
the best vehicle for both the public and the private sector to finance low carbon
infrastructure. In summary: they provide an additional source of green financing to
cover the immense needs in green investments; they enable more long-term financing
of green projects that is otherwise difficult to attain; they promote the development of
bond issuers' green strategies including improvements in their environmental risk
management processes; they promote higher transparency, thus making issuers'
environmental reputation an important issue; they have the potential to offer a cost
advantage, that is differentiated pricing for green vs. regular bonds; and they provide
institutional investors, such as pension funds, insurance companies and sovereign

wealth funds, new financial instruments to achieve their investment targets.

Therefore, apart from an increase in public infrastructure investment directly
financed from national budgets, the necessary infrastructure could be financed by sub-
national and local governments or through Public-Private Partnerships. Finance could
also be provided by National Development Banks (NDBs), Multilateral Development
Banks (MDB) such as the World Bank, the Inter-American Development Bank
(IADB) and the European Investment Bank (EIB), or trough private finance,
including pension funds, insurance companies and investment funds. Green Bonds is
the most prominent financial instrument to increase the flow of private capital into

low carbon, and in general environmentally friendly, infrastructure.

4. Green Bonds: Definition and basic elements

Green bonds, like any other bond, are fixed income securities for raising capital
to finance low carbon investments, or in general environmentally friendly
investments. Although OECD focused initially the discussion of green investments
mainly on low-carbon and climate-resilient investments (Corfee-Morlot et al., 2012),
it later broadened the scope and provided, in 2016, a comprehensive definition for

green bonds.

"Green bonds are debt instruments used to finance green projects that deliver

environmental benefits. A green bond is differentiated from a regular bond by its
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commitment to use the funds raised to finance or refinance "green" projects, assets or
business activities. Green bonds can be issued by either public or private actors up
front to raise capital for projects or for refinancing purposes, freeing up capital and

leading to increased lending." (OECD et al., 2016)

A green bond is differentiated from a regular bond by just its label, which adds
an extra characteristic on top of the standard financial ones, such as maturity, coupon,
price, and credit quality of the issuer. Although it seems simple, defining this
characteristic and developing the necessary measurements to evaluate which
investments belong to this category, it has proven to be quite a challenging task.
While the necessary apparatus exists to help investors in assessing the standard
financial characteristics, the same does not yet hold true for green bonds. Potential
investors need to evaluate the purpose of bond issuing and to that extent they need
information regarding, among others, the projects selected to be financed, the
allocation of the proceeds and the mechanisms to monitor and report the projects'
development through time. Although the market for green bonds exhibits high growth
in the last few years, as it will be illustrated in the next Section, it requires the
development of a rigorous framework to ensure transparency and communication of
information regarding the selection of projects and the effective monitoring of green
bonds proceeds, in order to reach its enormous potential. Building such a framework
is necessary to facilitate interactions between the issuers and investors and to maintain
the credibility of the market for green bonds. We will return to this point in the
Epilogue.

4.1.Green Bond principles

Responding to the challenge of developing a common framework, the
International Capital Market Association (ICMA), an association of 530 participants
on both sides of the capital market, located in over 60 countries worldwide, among
which the World Bank, issued in 2014 the first set of voluntary guidelines for green
bonds. Since then, these guidelines, known as the Green Bond Principles (GBP), have
been continuously developing. Although other guidelines for green bonds have also
been developed in the last couple of years by different issuing authorities, such as
those by the People's Bank of China (PBoC), China's central bank and capital market
regulators from ASEAN countries (ACMF; 2018), GBP have achieved broad market

acceptance and recognition by policy makers and regulators. Actually both the above
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referred efforts are based on GBP and although there are some differences, they
mainly provide more specific guidance on how they are to be applied regionally.
Apart from issuing authorities, similar actions are developing at the country level,
such as the guidelines developed by the Japanese Ministry of the Environment
(Government of Japan; 2017) and more recently the initiative of the European
Commission.*The GBP build a framework for the provision of information regarding
all stages throughout the bond's life, including the bond's launching, its evaluation by
investors, and the monitoring of the proceeds' use. The 2017 guidelines develop along
four core components: the use of proceeds, the process of project evaluation and

selection, the management of proceeds and the reporting (ICMA, 2017).

Use of proceeds

The most important component of green bonds is the subject of the projects
financed by the proceeds. All guidelines provide a list of what they consider as green
projects. The main categories include renewable energy and energy efficiency,
pollution prevention and control, sustainable land use, biodiversity conservation,
clean transportation and also climate adaptation. It is important that the environmental
benefits of green projects are clearly presented by the issuer and if possible quantified
as well, so that they can be verified by independent evaluators. The following is

ICMA's list of green bonds' indicative categories:

e renewable energy (including production, transmission, appliances and
products);

e cnergy efficiency (such as in new and refurbished buildings, energy storage,
district heating, smart grids, appliances and products);

e pollution prevention and control (including waste water treatment, greenhouse
gas control, soil remediation, recycling and waste to energy, value added
products from waste and remanufacturing, and associated environmental
monitoring analysis);

e sustainable management of living natural resources (including sustainable
agriculture, fishery, aquaculture, forestry and climate smart farm inputs such
as biological crop protection or drip-irrigation);

e terrestrial and aquatic biodiversity conservation, (including the protection of
coastal, marine and watershed environments);

* Recognizing the importance of sustainable finance, the European Commission, in 2018, set up a
technical expert group on sustainable finance (TEG). One of TEG's main goals is to develop an EU
green bond standard. TEG began work in July 2018 and has already provided two reports the most
recent one on January 2019 (European Commission; 2019).
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e clean transportation (such as electric, hybrid, public, rail, non-motorized,
multi-modal transportation, infrastructure for clean energy vehicles and
reduction of harmful emissions);

e sustainable water management (including sustainable infrastructure for clean
and/or drinking water, sustainable urban drainage systems and river training
and other forms of flooding mitigation);

e climate change adaptation (including information support systems, such as
climate observation and early warning systems);

e cco-efficient products, production technologies and processes (such as
development and introduction of environmentally friendlier, eco- labelled or
certified products, resource efficient packaging and distribution).

The Green Bond Guidelines issued in 2017 by the Japanese Ministry of the
Environment, adopt the same green projects categories (MOEJ, 2017). The Japanese
Guidelines also require the issuer to provide information regarding any incidental
negative impacts on the environment that the project might have in addition to the
intended benefits, and they provide a list of such negative impacts for each category
of eligible projects. People's Bank of China has endorsed a list of green projects
developed by the China Society for Finance and Banking in 2015 and is known as the
China Green Bond Endorsed Project Catalogue (the Catalogue) (Dai et al., 2016).
Although most of projects' categories included in the Catalogue are similar to the
ICMA's categories listed above, there are some important differences. The critical one

is that the Catalogue includes fossil fuel projects, public transport projects that use

fossil fuels, while it excludes supply chain of green products or facilities.
Process for project evaluation and selection

The second component refers to the provision of information regarding the
process for project evaluation and selection. The issuer of a green bond should
provide investors with information about the following. First, the environmental
objectives that she intends to achieve, for example climate change prevention.
Second, the criteria for the evaluation and selection of green projects, including the
category, among the above specified ones, in which the project belongs and the
potential negative environmental effects. For example, a renewable energy project
that reduces CO, emissions could meet the objective of climate change prevention, if
their negative impacts are not significant. Third, the process through which it is
deemed that the proposed projects can provide environmental benefits that achieve the

stated objective and meet the criteria for the use of proceeds. It is also recommended
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that the issuer provides information regarding the entities, internal departments or
external consultants, that set the criteria, specify the process and evaluate the projects'
eligibility. It is clear that as the market develops, apart from the above information
released by the green bond issuer, its overall environmental reputation will play a
crucial role in attracting investors. Therefore, the above three steps should be
designed and followed carefully in order to build a positive profile in the market for

green bonds.
Management of proceeds

The proceeds of the green bonds should be managed and tracked in an
appropriate manner through a formal, internal to the issuer, process which should also
be transparent. Green bond proceeds should be credited to a sub-account that is
financially separate from other business accounts, so all transactions can be easily
identified. The proceeds should be allocated to the projects as early as possible and in
the event that some are left unallocated, in which case the reasons should be
explained, the temporary placement of the balance should be made known to
investors. To enhance transparency, the use of external auditors it is highly

recommended.
Reporting

The final component concerns the information provided by the issuer after the
issuance of a green bond regarding the status and the use of the proceeds. The
disclosure of information on the use of the proceeds should be made publicly, for
example, on the issuer's website, and should be updated as often as possible, at least
annually, in order to enhance transparency. In most guidelines, the suggested content

of disclosed information includes the following items:

e a list of the projects and the amount of the proceeds that has been allocated to
each one;
e account of unallocated proceeds and how they are managed;
e brief description and updated information of each project's progress;
e cach project's expected environmental benefits.
The most important of the above items is the provision of information on the
projects' environmental impact. The issuer should specify and use qualitative

performance indicators that are consistent with the projects' objectives and criteria set

in the "process for project evaluation and selection" stage. For increased transparency
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quantitative indicators should also be specified, when possible, and information
should be disclosed regarding the methodology and data collection processes used to
develop the indicators. Continuing using the example of a renewable energy project
with the objective to prevent climate change and criteria the amount of CO: emissions
reduction, the indicators that could be specified are, the net reduction of CO:
emissions after the implementation of the project, or the increase of the renewable
energy share in total energy consumption after the project's implementation.
Furthermore, information should be provided regarding the methodology of
calculating the environmental benefits. In the case of CO2 emissions reduction from a
solar power generation project, the issuer should specify the formula by which the
reductions are calculated, the period the calculations are concerning, detailed data on
energy generation, the electricity-related CO: emissions coefficient, etc. In case that
provision of information using quantitative indicators is difficult internally, the issuer
could use external certifications. Actually, there are some sectors for which impact
reporting is relatively easy, such as in the example of solar power, while for some
other ones, such as the built environment and forest management, the provision of
quantitative data is relatively more difficult. In such cases the use of external
certification is recommended, such as those concerning the environmental impact of
buildings (among which the Leadership in Energy and Environmental Design
(LEED®) in USA; the Building Research Establishment Environmental Assessment
Methodology (BREEAM) in UK, the Comprehensive Assessment System for Built
Environment Efficiency (CASBEE), in Japan; the Haute Qualite Environnementale
(HQETM), in France; and the Deutsche Gesellschaft for Nachhaltiges Bauen
(DGNB), in Germany); sustainable use of forest resources (such as the Japanese
Forest Stewardship Council (FSC) endorsed by WWF); sustainable fisheries (such as
the Marine Stewardship Council (MSC) certification and the Aquaculture
Stewardship Council (ASC)), etc.

As the market for green bonds expands and the number of green bond issuers
increases, many investors and market stakeholders find impact reporting very
important. Despite its obvious and increasing importance, only a minority of issuers
provide some form of environmental impact reporting. Boulle et al. (2017) examined
a data set consisting of 146 issuers and 191 bonds of a total amount of $66 billions,

issued up to 1 April 2016, and found that the majority (in particular 74%) of bonds
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provided some post-issuance reporting. However, from the bonds which provided
some form of reporting, only a minority of 38% included information on
environmental impact. The trend though is promising, since impact reporting is
increasing steadily, from just over 25% in 2013 to just below 45% in the beginning of

2017.

While impact reporting is increasingly used, there is no consistency in the
quantitative indicators and the data used. There is wide variation in methodology,
content and format. For the example of CO2 emissions reduction used above, some
issuers use net savings while some others intensity as an indicator. Some use annual
data, while some others biannual or even monthly. It is clear that as the market
develops further and the demand for impact reporting is increasing, some type of
benchmarking is required in order to allow comparability and enhance transparency.
In this direction, an informal working group of eleven International Financial
Institutions, > with the assistance of ICMA, developed in 2015 a harmonized
framework for impact reporting of green projects (IFI, 2015). It should be noted that
the level of reporting should be reflecting the size of the issuer, since small issuers

might have limited resources to produce a detailed impact report.
External Review

To increase transparency and develop trust in the green bond market, issuers
could use external review to provide an objective assessment of the project's
alignment with the above stated components of the GBP. An external review is
particularly important in cases that the issuer does not have the capacity and/or the
expertise to provide the required information, or in cases of projects that generate
negative environmental impacts, so as to certify the existence of large net
environmental benefits. External reviews can be used for the entire process or specific
parts of it before or after the issuance of the bond. Furthermore, there are several
types of reviews, such as consultant review, verification, certification, and rating

(ICMA, 2017).

® African Development Bank (AfDB), Agence Francaise de Developpement (AFD), Asian
Development Bank (ADB), European Bank for Reconstruction and Development (EBRD), European
Investment Bank (EIB), Inter-American Development Bank (IDB), International Bank for
Reconstruction and Development (IBRD), International Finance Corporation (IFC), Kreditanstalt fur
Wiederaufbau (KfW), Nederlandse Financierings-Maatschappijvoor Ontwikkelingslanden (FMO), and
Nordic Investment Bank (NIB).
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External reviews should be made public and they should clearly specify which
aspects of the bond they have reviewed and the type of criteria they used. Given that
the required expertise varies from environmental evaluation and certification to
financial and accounting audits, an issuer could use more than one external reviewer.

The reviewers' report should provide information on their relevant expertise.

5. The Green Bond market

The market for bonds with a green label has grown rapidly in recent years. It
was initiated with the European Investment Bank's "Climate Awareness Bond (CAB)"
issued in 2007, which is widely seen as the first bond with a green label. Subsequently
a number of Multilateral Development Banks, including the World Bank, the Asian
Development Bank, and the African Development Bank, issued bonds for projects
that had environmental objectives. Green bonds can be categorized, according to the
issuer and in the case of private bonds according to its financial characteristics, in the
following seven types: Sovereign bond: issued by a national government; Local
government bond: issued by a municipal government, region or city; Supranational,
sub-sovereign and agency (SSA) bond: issued by international financial institutions
(IFIs) such as the World Bank and the European Investment Bank, sub-sovereign
national development banks, such as the German KfW, and agency bonds issued by
export-import banks; Corporate bond: issued by a corporate entity and classified
based on the "use of proceeds" claim; Project bond: a bond backed by single or
multiple projects for which the investor has direct exposure to the risk of the project;
Asset-backed security (ABS): a bond collateralized by one or more specific projects,
usually providing recourse only to the assets, except in the case of covered bonds; and
Loan: corporate bond issued by a financial institution to raise capital specifically to
provide loans to green activities (OECD, 2017). For the first few years after the EIB's
issuance of CAB, the market was dominated by bonds issued by the SSA. As Figure 3
illustrates, it was in 2013 that the first corporate issuers entered the market, followed

by local governments in 2014.

A key catalyst for the market's development was the introduction, in January of
2014 by the International Capital Market Association (ICMA), of the Green Bond
Principles, examined in detail above, which are the basis for many of the existing

green labels (see ICMA, 2017 for the current version). Since then, the market for

21



labeled green bonds ® has expanded dramatically almost doubling after each
subsequent year: from $11 billion in 2013 to more than triple, $37 billion, in 2014; in
2015 the market experienced a plateau, with aggregate issuance just over $40 billion;
in 2016 it surpassed $85 billion (more than 100% growth), and in 2017 reached
$155.5 billion (an 83% growth), as Figure 3 illustrates. Although expectations were
high for 2018, since the first half was very strong, issuance of labelled green bond
during the year reached $167.6 billion, exhibiting a significantly lower than the
previous year's growth of just 3% (CBIL; 2019). All reports project that green bond
issuance for 2019 will exceed $180 billion potentially reaching as high as $210

billion.
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Figure 3.Growth in the labeled green bond market.
Where, ABS stands for Asset Backed Securities.
Source: CBI (2018)

There are two main positive trends in the green bonds market: geographic and
project type diversity. Although the market is still dominated by few countries,
predominantly by the USA, there is fast increase in geographic diversity as shown in
Figure 4. In 2017, USA, China and France accounted for 56% of issuance, with the
US Agency Fannie Mae issuing a $24 billion green Mortgage Backed Security
(MBS), and the French government issuing a sovereign green bond of $10.7 billion.

In total, 239 issuers, from 37 countries, came to market of which 146 (60%) for the

® The Climate Bonds Initiative (https://www.climatebonds.net/), the source of the data presented in this
Section, uses the term "labeled green bonds" to denote bonds that the issuer has label them as "green".
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first time in 2017. Some of the new entrants came from ten countries, including

Argentina and Switzerland, which never before had participated in the market.

. United States Denmark Other Developed (Canada, . Mexico . China & Hong Kong
Netherlands, Germany, Finland, Italy,
Sweden France Spain, Switzerland, UAE, Australia, India Other Emerging
Norway, Japan, UK, Belgium) (Argentina,

South Africa, Morocco)

$0.1bn 1% $0.6bn 2%
$1.2bn 4%
$2.
6%
$10.6bn
2017

$31.5bn

$2.5bn
32%

$0.9bn
M%

$1.1bn 3% 4]

Figure 4.Geographic distribution of green bond issuance.
Source: CBI (2018)

Apart from geographic diversity, there is increasing diversity in the type of
projects financed. Although renewable energy projects still attract the main part of the
proceeds, their share declines (from 38% in 2016 to 33% in 2017). Low carbon
buildings and energy efficiency accounted for 29% of 2017 use of proceeds, showing
a substantial increase. Furthermore, allocations to low carbon transport almost
doubled in volume, since a number of new rail and urban metro projects were
initiated. Although the trend to finance an increasingly diverse range of projects
continues, waste, land use, and adaptation themes continue to attract the smallest
share of the total finance, in part due to a lack of clear definitions on which project

types would qualify.

A third positive characteristic of the green bond market is the increasing
participation of the public sector. Apart from the first issuance of a substantial
sovereign bond by the French government noted above and the issuance of a €4.5
billion sovereign bond from the Kingdom of Belgium, the largest single deal during
2018, there is an increase of issuance from local governments and government-backed

entities.

Despite its fast growth, the market for green bonds remains still a relatively
small part of the total bonds market. The global outstanding bonds market was valued

at approximately $97 trillion in 2014, while in the same year the new bond issuance
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amounted to $19 trillion (OECD; 2017). New green bond issuance in 2014 was
below, while in 2015 just above $40 billion, constituting a miniscule fraction, just

0.21%, of the newly issued bonds.’

Similar estimates are presented in other studies as well, with the G20 Green
Finance Study Group (2016) providing an estimate below 1% and Ehlers and Packer
(2017) an estimate of less than 1.6% of global debt issuance in 2016. Figure 5
illustrates the very small share of green bonds in the total newly issued bonds. The
Figure also presents the estimated investment needs, consistent with a 2°C emissions
pathway, in the renewable energy, energy efficiency and low emissions vehicles
sectors to 2035 as estimated in IEA's 2014 World Energy Investment Outlook (IEA,
2014).

USD 19 tn

2014 annual total bond issuance
Region: China, Japan, EU, US

USD 2.26 tn

2035 annual low-carbon investment needs
Region: China, Japan, EU, US

USD 40 bn

.* 2015 green bond issuance

Region: Global

Figure 5.Low-carbon investment needs, new bond issuance
and green bond issuance.
Source: OECD (2017)

As stated in footnote 2, the above discussion on the evolution of the green bond
market was based on CBI's data on labelled green bonds. This categorization includes
green bonds certified by CBI (a very small percentage), bonds labelled by other
independent reviewers and self-labelled green bonds. However, there are bonds that,

although unlabeled by their issuers, they are clearly financing green/climate assets

7 Similar estimates are presented also in G20 Green Finance Study Group (2016).
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that help enable a low carbon economy. These bonds are defined by the CBI as
climate-aligned bonds and if they were accounted for, the total size of the green bonds
market increases considerably. For example, CBI (2017) reports $895 billion in
"climate-aligned bonds" outstanding by the middle of 2017, which includes bonds
financing low carbon and climate resilient assets or projects, of which $234 billion in
labelled green bonds. Thus, if more issuers label properly their bonds, the labelled

green bond market could become more substantial.
5.1.Market performance

The green bond market has already been identified as "... the most developed
segment of thematic, impact oriented bonds." (SBN, 2018) The drivers of the green
bond's market growth could be classified into financial motives, that include expected
lower risks and better financial performance due, for example, to the increased
transparency offered by green bonds, and to non-pecuniary motives, that is, investors'
environmentally-friently preferences lead them to increase their investments in green
bonds.*These characteristics could explain the fact that the "green" label is currently

the most developed segment of thematic bonds.

From the point of view of the supply, it is clear that issuing a green bond is
more expensive relative to conventional bonds, given the costs of possible
certification, regular reporting, holding separate accounts for the proceeds,
etc..Hachenberg and Schiereck (2018) review the literature and report that the
additional costs are "... estimated to be between 0.3 and 0.6 basis points for a $500
million issue, depending on the level of work." (p. 374). From the point of view of the
demand, an interesting question that arises is whether the "green" label provides a
"price premium", that is, whether investors are willing to accept a lower yield spread
for a green relative to a conventional bond with the same characteristics. If they do,
then this premium should influence the bond's price. A number of recent studies
compare the yield of a green bond to that of a conventional counterfactual and find
that green bonds allow issuers to borrow at a lower price. An early study by Barclays
(2015), finds a difference of 17 basis points in spreads (option adjusted spread)
between green and conventional bonds as of mid-2015. The study uses a large sample
(the Global Credit Index universe) to ran a regression on spreads using a variable for

green bonds and some common risk factors. The study also shows that the gap in

$Zerbib (2019) offers a very informative review of the relevant literature.
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spreads increases progressively from the beginning of 2014 up to the mid-2015.
Ehlers and Packer (2017) use a cross-section of twenty one green bonds issued
between 2014 and 2017, to compare their credit spreads to those of conventional
bonds issued by the same organization at the closest possible date. Their results show
a mean difference of around 18 basis points in spreads. Baker et al. (2018), find also
that green bonds are priced at a premium, using a sample that includes 2,083 green
U.S. municipal bonds issued between 2010 and 2016 and 19 green U.S. corporate
bonds issued between 2014 and 2016. The spread gap is estimated at roughly 6 basis
points and this premium doubles or even triples for bonds that are not only self-
labeled as green (and confirmed by Bloomberg) but also externally certified as green
by a third party, according to industry guidelines, and publicly registered with the
Climate Bonds Initiative (CBI). Zerbib (2019) uses data from the secondary market
for the period July 2013 to December 2017 for a sample of 110 green bonds and finds
a much more moderate green premium of 2 basis points. Fatica et.al. (2019) also find
that green bonds carry a green premium which is heterogeneous across types of non-
governmental issuers. They also confirm Baker et al. (2018)'s result showing that
certified corporate green bonds sell for a larger premium relative to those that they are
not externally certified. Bachelet et.al. (2019) also find that there is differentiation in
the value of green premiums, which they attribute to the bond issuer's reputation or
green third-party verifications. For institutional issuers reputation is enough, while
private issuers need to certify the "greenness" of the bond to achieve the premium.
These results point out the importance of external certification to reduce informational
asymmetries and avoid suspicion of green (bond)-washing. The literature on the issue
of the existence and magnitude of a green premium is growing fast recently and
includes also Hachenberg and Schiereck (2018), Gianfrate and Peri (2019) and Tang
and Zhang (2019).

5.2.Market challenges

Although the market for green bonds is growing and there is evidence for
continuously improving performance, there is both vast potential, given the global
stock of manageable assets which in 2016 is estimated at $160 trillion (FSB, 2018),
and great need for investment to support the low carbon transition. However, in order
to achieve the potential and cover the needs for the climate transition, a number of

challenges facing the green bonds' market should be addressed. Bridging the
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informational gap between issuers and investors is probably the most important
challenge. Providing clear green criteria and monitoring process will reduce both
issuers' additional costs of certifying and contiguously communicating information
regarding the green character of the proceeds' investments, and will provide investors
with the required assurance of the green character of their investment. To a certain
extent large issuers bear these costs using their reputation to reassure investors.
However, to expand the market, there is clear need to reduce reputational risks and
also involve smaller issuers. In order to move towards this direction, widely accepted,
ideally universal, rules and standardization should be developed, defining green
products and processes. This development should be achieved at these early stages in
the development of the market so as to avoid "greenwashing" accusations that will
harm the market. The development of the Green Bond Principles extensively

discussed in Section 4.1 is a solid movement towards this direction.

Apart from the above, a number of additional challenges have been identified in
the literature. A number of studies, including G20 (2016) and OECD (2017) have
identified a number of challenges most of which relate to the above referred lack of
"labeling". Some additional challenges listed include: lack of supply of labeled green
bonds; difficulties for international investors to access local markets; and lack of
domestic green investors. G20 (2016) offers various suggestions and policy

recommendations to address these challenges.

6. Epilogue

Despite the fast growth of the green bond market demonstrated in Section 5, it is
clear that it is still far from reaching the level of necessary investments detailed in
Section 3.2. On the other hand though, there is plenty of room for further
development, since the market for green bonds still remains a very small fragment of
the global debt, as discussed in Section 5, even when unlabeled green bonds are
considered. Thus, it is clear that there is huge potential for the green bond market and

hope that the necessary finance will be provided for the low carbon transition.

In order to reach its potential, providing a viable instrument for substantial
financial support for the transition to the low carbon economy, the green bonds

market needs to address a number of challenges and barriers that currently faces. One
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important challenge is to widen the scope of low carbon investments that have access
to the green bonds market. A significant part of low carbon investments relate to
energy efficiency in buildings and other activities that are conducted by relatively
small individual entities, which do not access directly the bond market. The way in
which small and medium firms can gain access to the bond market could be through
asset-backed securities. From the demand side of the market the main challenge is to
improve the attractiveness of green bonds so as to increase the market's size. This, at
least in the current state, cannot happen through financial incentives. Labelled green
bonds do not carry, as of yet, a significant price premium in the primary market and
the label does not improve investors' perception of the bond's credit quality.
Therefore, the market's expansion could be based on public policies that reduce the
risk of low carbon activities and by "mainstreaming' climate issues into financial
institutions. Such policies could range from providing public institutions with
mandates for green bonds, to setting green requirements into central bank collateral

frameworks and instituting green quantitative easing.

The most important challenge though, is to bridge demand and supply in the
green bonds market. That is, it is extremely important to further develop international
guidelines and standards, so as to incentivize investing in green bonds, overcoming
the lack of historic data and the risks of greenwashing. The benefits of using these
international standards should be widely communicated so as to improve awareness
and increase participation. Furthermore, external reviews and third-party certification
should be promoted in order to improve the green bonds market's transparency and
credibility. However, since for the further expansion of the green bonds market it is
important that small and medium size entities participate in the market, significant
consideration should be placed in reducing costs of green bonds standardization,

reporting and reviewing.
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