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1 Introduction

The total market value of green bonds exceeded half a trillion dollars in 2021 and will increase to $1
trillion by the end of 2022 according to the Climate Bond Initiative (CBI, 2022). Large parts of the
market consist of private institutions issuing green bonds. More recently, international institutions and
governments, as well as the European Union with its Next Generation EU programme, have issued

substantial amounts of green bonds (0ECD, 2021).

Research shows different yields for green and standard bonds, but the literature is inconclusive on
whether there is a systematic positive or negative premium, or ‘greenium’, on green bonds (MacAskill
etal, 2021)*. Most of the literature focuses on privately issued green bonds, while the emerging
market of green sovereign bonds has been barely studied. A recent exception is the study by Bolton et

al (2022), which is inconclusive and does not find a systemic greenium.

In principle, it is difficult to understand why a green bond issued by a sovereign should be priced
differently to any other bond issued by the same sovereign. Green bonds, as currently issued by
governments, involve a rather loose promise by governments that the proceeds from the bond sale will
be used to fund specific green projects or green current expenditures. However, given the relatively
small size of green bond issuance, of around 1.6 percent of total debt stock in the EU?, itis difficult to
argue that these bonds fund projects that otherwise would not have been funded. Meanwhile,
revenues in large public budgets are largely fungible. Moreover, none of the sovereign green bonds
would resultin penalty payments in case green promises are not kept. Instead, like a regular sovereign
bond, the full faith and credit of the respective tax base stands behind the promise of repayment. For a

rational marginal investor, possible price differences could thus be arbitraged away at a profit.

In this paper, we analyse whether green sovereign bonds are systematically priced differently to
conventional sovereign bonds in the secondary markets. Aimost no research has so far focused on the
green sovereign bond market. The green bonds issued by the public and private sectors have the same
fungibility and investor crowding. Yet, unlike private bonds, issuer prospectuses provided by national
debt management agencies cannot tie the ultimate power of the legislature to defined expenditures (ie

the green debt terms are by definition less credible].

! The discount is not the only or primary motivation for green bond purchases. Dominguez-Jiménez and
Lehmann (2021) suggested it may be “reputation building”.

2The value is represented by the capital raised through the issuance of green bonds since 2018, divided by
total sovereign debt securities for the end of June 2022.
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We are the first to document a systematically lower yield for green sovereign bonds. Unlike Bolton et al
(2022), we have been able to match green bonds exactly with conventional sovereign bonds on all
other characteristics and have identified ten exact matches?. A possible explanation for this new
empirical finding is the behavioural response of investors, which may be motivated by the reputational
benefits of holding green bonds in their portfolios. Institutional investors may be a driver of this

difference (Bachelet et al, 2019) but more research is needed on this.

We first review the literature, then describe the main characteristics of the European green sovereign

bond market, before presenting our findings and conclusions.

2 Literature review

Green bonds attract a lot of attention in the broader policy discourse but there is no clear-cut definition
on what constitutes a green bond. The literature also cannot establish systematic differences in yields

between green and conventional bonds — the so-called greenium.

Different methods are used in the literature to investigate the existence of a greenium. The most
popular approach is matching green and standard bonds based on common features. The most
popular characteristics to match are the issuer, currency and maturity. Many researchers consider
additional features, including rating, bond structure and coupon type (Annex A). Overall, it is difficult to
compare the results as there is no consensus on which characteristics constitute a good match. More
sophisticated methods, for instance Gianfrate and Peri (2019), use the propensity score matching
technique to estimate the difference between returns at the issuance of green bonds and their
conventional peers. Preclaw and Bakshi (2015) and Nanayakkara and Colombage (2018) used the
option-adjusted spread (0AS) method. This method measures the difference in yield between a bond
with an embedded option (ie callable, putable and convertible options), if one exists. Karpf and Mandel
(2018) used linear mixed-effects models with random effects intercepts, while Baker et al (2018) and
Fatica et al (2021) used the asset's pricing model (CAMP). The latter calculates expected stock market

return based on market risk premium.

Results are not always aligned. Most authors confirm a negative yield premium (discount) on green

bonds (Baker et al, 2018; Gianfrate and Peri, 2019; Kapraun and Scheins, 2019; Nanayakkara and

3 For the broader sample of thirty sovereign issues, we had to rely on the less reliable yield interpolations, the
approach chosen by Bolton et al (2022), and we also cannot establish a systemic greenium.
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Colombage, 2018; Preclaw and Bakshi, 2015; Zerbib, 2018). The systemic literature review in
MacAskill et al (2021) confirmed a growing consensus about the greenium. Bachelet et al (2019)
divided issuers into institutional and private, and found that the premium is negative for the formerand
positive for the latter. They suggested that issuer characteristics and reputation are crucial in defining
the green premium. Kapraun and Scheins (2019] found that the premium is higher for bonds issued

by governments or supranational institutions.

MacAskill et al (2021) confirmed a consensus on the existence of a green premium in 56 percent of
primary and 70 percent of secondary market studies. Moreover, CBI (2021H1) demonstrated that
green bonds traded more frequently and therefore exhibited narrower bid/offer spreads on the
secondary market. Hachenberg and Schiereck (2018]) confirmed that secondary markets trade
marginally tighter for the respective period than non-green bonds from the same issuers. Their
analysis showed that trade for financial and corporate green bonds is tighter than comparable non-

green bonds, while government green bonds trade marginally wider.

Finally, only a few studies have investigated the sub-sovereign and sovereign greenium on the bonds.
Two studies (Karpf and Mandel, 2018; Partridge and Medda, 2019) examined the municipal bond
market in the United States, finding evidence of a greenium in the secondary market. Another study by
CBI (2021H2) compiled a dataset of 46 unique green bonds. They used German twins to show that the
green curve is inside the yield curve on the day of issuance, which is evidence of a greenium.
Moreover, they matched green and standard bonds for Spain, Hong Kong and Korea, for which results
were mixed. Spain placed its green bond inside, while Hong Kong remained outside the yield curve.

They could not identify the green bond yield for Korea.

There are few studies of sovereign green bonds in the EU. Doronzo et al (2021) studied a sample of 14
countries, mainly European, and found no evidence of the presence of a significant greenium.
Compared to Doronzo et al (2021) we focus on EU countries and the European Union itself and we
ensure an exact match between a green and a non-green sovereign bond. The research by Fatica et al
(2021) indicated a significant negative premium for supranational institutions. Given the significant
rise in green issuance in the EU (Figure 1), the EU sovereign greenium becomes an interesting topic to

explore.



Figure 1: Volume of sovereign green bonds issued in the EU
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Source: Bruegel based on Bloomberg.

3 Main characteristics of green bonds

Table 1 shows all European Union countries that issued green bonds according to the Bloomberg
database. Bloomberg defines green bonds as “fixed income instruments for which the proceeds will be
applied towards projects or activities that promote climate change mitigation or adaptation, or other
environmental sustainability purposes”. Moreover, all green bonds must apply proceeds to market-
accepted green activities, consistent with green bond principles formulated by the International

Capital Market Association.

In the EU, 14 countries have issued 28 green bonds of different maturity and outstanding amounts (as
of 4 August 2022). The EU itself has issued three green bonds. In Europe, the maturity range is

between three and 30 years*.

* One of the characteristics of green bonds featured in the literature is that they are typically issued with longer
maturities (Bank of France, 2019, p 7). Additionally, the French central bank (Bank of France, 2019) compared
the characteristics of euro-area non-financial corporations (NFCs) that are issuers of green bonds, and other NFC
bond issuers, and found that the average amount of green bond debt is bigger than standard debt, though, that
is not the case for EU sovereign green bonds.



Table 1: Sovereign green bonds issued by EU countries

Cumulative Min %total

amount (€ No. maturity | Max maturity sovereign

billions) | issues (years) (years) debt

Austria 4.0 1 - 27 1.2%
Belgium 104 1 15 2.1%
Denmark 15 1 - 10 1.8%
France 474 3 22 23 1.9%
Germany 32.5 4 5 29 1.5%
Hungary 2.7 9 3 30 2.6%
Ireland 6.8 1 12 4.2%
Italy 135 1 24 0.6%
Latvia 0.0 1 ’ 0.2%
Lithuania 0.1 1 10 0.3%
Netherlands 15.7 1 - 21 4.1%
Poland 3.0 3 8 30 1.5%
Spain ’.2 1 21 0.6%
Sweden 19 1 - 10 1.7%
Total (excl. EU and UK) 146.9 29 Min: 3 Max: 30 Av: 1.7%
EU 280 3 15 26 3.5%

Source: Bloomberg and ECB.

On average, green bonds in Europe constitute around 1.7 percent of sovereign debt for those countries
thatissue green bonds. The total issuance value is almost €147 billion. In nominal values, France
issued the most green bonds, more than €47 billion, which is 1.9 percent of total government debt.
Green bonds as a share of government debt are highest in Ireland, where they constitute 4.2 percent of
total debt. France issued the biggest individual sovereign green bond in Europe in 2017, and the

issuance has a value of almost €31 billion.

The EU has issued three green bonds, with an outstanding volume currently of €28 billion. The bonds
issued amount to 3.5 percent of debt the EU plans to issue under NGEU (€800 billion). The EU green

bonds were issued for 15, 21 and 26 years, and will mature in 2037, 2043 and 2048, respectively.

With the increase in green bond issuance, there was a concern about the liquidity premium of
conventional bonds (The Economist, 2021)°. To address liquidity concerns, Germany has issued

twinned bonds allowing investors to swap green bonds for conventional ones. More specifically,

® Unprofitable investment can be withdrawn before finishing the project, but once a ministry of finance creates a
green bond programme and develops a ‘green curve’, it may be more difficult to withdraw specific actions. That
can make a trade in sovereign green bonds more difficult and can undermine liquidity.

5



Germany started the issuance of green bonds at the end of 2020. Green bonds are twinned with

identical conventional bonds and switching costs for investors are minimal®.

Compared to the standard bonds issued with a promise to pay interest and principal repayment at
maturity, green bonds also promise to deliver high transparency regarding the underlining green
expenditures. German green bonds are aligned with the EU Green Bond Standard draft, which ensures
alignment with the EU taxonomy, transparency, external review, and supervision by European

Securities and Markets Authority (ESMA, 2020).

4 Results

In line with the methodology of CBI (2021H1), we used the matching method to explore the existence
of premiums for sovereign green bonds. We matched sovereign green bonds with their standard
counterparts based on the issuer type, currency and the same time to maturity’. Unlike the CBI
(2021H1), we focused on the secondary market. We looked at the mid yield to maturity, whereas the
CBI (2021H1) looked at the yield on the issue date, which reflects the price the green bond offered on
the pricing date. Also, we created exact matches, meaning that the time to maturity of the green and
standard bond is the same. Thus, as in the case of German green twin bonds, we created matched
bonds. This exercise gave us ten matches (including four German twins) out of 28 sovereign green

bonds issued in the EU.

Figures 2 and 3 show the greenium® for those pairs. We observed statistically significant greeniums for
all matched bonds. From the beginning of 2022, yields have increased for all bonds, but there is no

observable trend in the level of greenium.

® First, the conventional bond is issued, and then issuance is reopened or tapped several times. One of those
taps can be a green bond, and then the same conventional bond is emitted to the own government stock
(Bundesrepublik Deutschland, 2022).

? Because of bigger differences in the private green bonds market, CBI (2021H1) also looked at the sectorand
credit rating of the bonds, but for our purposes, this simplified approach was sufficient as we look at bonds of
the same issuer.

8 The greenium is defined as green bond yield minus non-green bond yield.
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Figure 2: German bonds, mid yield to maturity
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Figure 3: Greenium, mid yield to maturity
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Dutch bonds: 18 yrs to maturity Spanish bonds: 20 yrs to maturity
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Source: Bruegel based on Bloomberg.

Studies of greeniums on the private market show similar differences in spreads. For instance, Baker et
al (2018) found a 6-basis point premium when green bonds are externally verified. Gianfrate and Peri
(2019) showed a statistically significant average greenium of about 21 bps for corporate issuers.
Finally, the review of studies published between 2007 and 2019 shows an average greenium of 1 to 9
basis points on the secondary market (MacAskill et al, 2021). Regarding studies of sovereign
greenium, we used only twin bonds in our sample compared to Doronzo et al (2021), who did not find a
significant green premium. This approach allows us to investigate existing cases without creating

synthetic twins.

Our analysis shows that greeniums range from around -3 bps Demark to -16bps in Spain on average.
Germany, on average, has -3.6 bps greenium. We observed extreme values ranging from 10 bps (the
Netherlands in March 2020) to -22 bps (Spain, Sept 2021, or France in May 2022), across countries
and investigated periods. Since yields differed, we tested whether each case had a statistically

significant spread difference. We performed a t-test (paired two sample for means), which confirmed

that differences in greeniums are statistically significant at 5 percent for each pair.



Table 2: Average in bps through an observed period

Average in bps

Germany 3 years to maturity -4

8 years to maturity -4

9 years to maturity -3

28 years to maturity -3
Austria 27 years to maturity -11
Belgium 11 years to maturity -9
France 17 years to maturity -14
Denmark 10 years to maturity -3
the Netherlands 18 years to maturity -8
Spain 20 years to maturity -16

Source: Bruegel based on Bloomberg.

For green bonds without an exact match, we constructed a synthetic bond for each green bond via
linear interpolation, which has the same maturity as the green bond. More precisely, we interpolated
the yield curve of the non-green bonds at the green bonds’ maturity to obtain the yield curve of a non-
green bond with the same maturity as the green bond. With this less precise method of comparing

bonds, we could not obtain statistically significant results.

5 Discussion

Our exercise indicates that negative greeniums exist for twined bonds and for exactly matched bonds.
Even though the green bond market is much smaller and less liquid, investors appear to be ready to
accept lower yields on green bonds as they might seek to diversify their portfolios with green bonds.
For governments, the motivation for issuing green bonds is nota cheaper way to fund projects. The few
basis points we can observe do not make a difference in the financing cost of the budget. More critical
may be the signalling effect. Governments want to contribute to the green transition by setting an
example in which they comply voluntarily with green bond standards and help define good standards
of what constitutes a green bond while preventing greenwashing. A more binding framework would be

a stronger signal and help avoid greenwashing (Lehmann, 2021).
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6 Conclusions

While previous research combined private and public green bond data, we created a unique dataset of
all EU green bonds and their twins or exact matches, where it was possible. Our analysis shows for
sovereign EU countries and the EU itself a small but negative greenium for green sovereign bonds. To

our knowledge, we are the first to document that systematically.

Our analysis has some limitations. The most obvious is the small number of observations, which
increases the margin of error and does not allow us to check the robustness of our analysis. The study
might also be impacted by the period when it was conducted, namely the uncertain situation in the
financial market caused by the COVID-19 pandemic, the war in Ukraine and the expected rise in

interest rates.

The green transition demands funds, which can be obtained through green finance. Green bonds may
be one of the solutions to fund the transition. Recently, governments have started to issue green
bonds. The wish to create a benchmark green yield curve may be a motivation for this government
approach. However, itis difficult to understand why a systematic greenium in sovereign bond markets
exists and would prevail, and more research on the drivers of the greenium in sovereign bond markets

is warranted.
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Annex A: Literature review

If green premium | How they matched Results
exists
Bachelet et | Yes. Matched by: Role of verification and issuer
al (2019) Institutional - type of organisation, | characteristics. Institutions issue
green bonds: | - currency, green bonds with higher liquidity and
negative - rating, negative premia compared to private.
premium. - bond structure, The issuer’s reputation or green third-
Private green | - coupontype (coupon | party verifications are essential. The
bonds: positive | rate: +/- 0.25%), positive premium is very strong for the
premia, unless | - amount issued (+/- | non-certified categories.
the issuer | 400%),
commits to | - maturity date (+/-
certifying  the | 2yrs).
bond green.
Baker et al | Yes, negative | Asset’s pricingmodel | Both pricing and ownership effects are
(2018) premium stronger for bonds that are externally
Corporate  and certified as green. -6 basis point
municipal bonds. premium when green bonds are
externally verified. Authors notice that
sin stocks are associated with higher
returns. Green bond ownership is more
concentrated since a subset of
investors is willing to sacrifice some
return to hold green bonds.
CBl Mixed results. Matched by: 26/33 non-sovereign plus a further
(2021H1) Sovereign  and | - issuer, three
non-sovereign - currency, sovereign bonds show greenium.
bonds. - maturity,
- sector,
- credit rating.
CBl Mixed results for | Matched by: Two out of four sovereign bond pairs
(2021H2) sovereign. - issuer, indicate negative green premium.
- currency,
- maturity,
- sector,
- credit rating.
Doronzoetal | No  significant | Matched by: Green bonds exhibit specific additional
(2021) premium - issuer, administrative, legal and marketing
- maturity, burdens, which however do not offset
-currency, the benefits from the signalling effect
- payment rank, they produce.
- credit rating.
Fatica et al | Negative Asset’s pricing model | Premium for green bonds issued by
(2021) premium for supranational institutions  and
supranational corporates but no yield differences in
institutions  and case of issuances by financial
corporates. institutions.
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Gianfrateand | Yes, negative | The propensity score | Statistically significant ~ average
Peri (2019) | premium. matching greenium of about 18 bps. The
greenium for corporate issuers is
larger, at 21 bps.
Hachenberg | Mixed results. Matched by: The secondary market trade marginally
and - issuer, tighter for the respective period than
Schiereck - currency, non-green bonds of the same issuers.
(2018) - ranking, Financial and corporate green bonds
- notstructured bonds | trade tighter than comparable non-
- depending on the | green bonds. On the other hand, the
green bond: fixed or | government green bonds trade
floating marginally wider.
- depending on the
green bond: secured or
unsecured,
- issue size is at least
$150 million.
Hyun et al | No robust | Matched by: Controlling for other pricing factors,
(2019) evidence of a | -issuer, having an independent reviewer and a
green premium. | - currency, CBlI certificate significantly reduces the
- rating, green bond premium by about6 and 15

- bond structure,
- maturity (the closest

issue date to the green
bond).

basis points (bps), respectively.

Kapraun and | Yes, negative. Matched by: Credibility plays an important role.
Scheins - issuer, Premium is higher for bonds issued by
(2019) - currency, governments or supranational and for
- coupon type, bonds denominated in dollars or euros.
- seniority (order of
repayment in case of
bankruptcy).
Karpf ~ and | Mixed results. Linear mixed-effects | Issuers of green bonds have
Mandel us municipal | models with random | historically faced a negative premium.
(2018) bonds in the | intercepts In recent years the premium has turned
secondary positive, suggesting that the credit
market. quality of municipal green bonds has
increased.
Ma et al| No statistically | Matched by: The lagging effect between the
(2021) significant - maturity, greenium and stress in financial
evidence of a | -seniority, markets can indicate that sustainable
green premium. | - currency. investments like green bonds are
potentially more immune to systemic
crises.
MacAskill et | Yes. Systemic literature | There is a green premium within 56% of
al (2021) review primary and 70% of secondary market

studies, particularly for those green
bonds that are government-issued,
investment grade, and that follow
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defined green bond governance and
reporting procedures.

Nanayakkara | Yes, negative | The  option-adjusted | Green bonds are traded at a premium of
and premium. spread (0AS) method, | at least 63bps in the global capital
Colombage which measures the | market. The reputation of issuing
(2018) difference in yield | enterprise is a key determinant of the
between a bond with | creditspread.
an embedded option.
Partridge and | Mixed results. Matched by: No evidence in the primary market,
Medda us municipal | - issuer, statistically significant premium in the
(2019) bonds. - use of proceeds, secondary market of 5 basis points by
- issue date, 2018.
- maturity date,
- coupon.
Preclaw and | Yes, negative | OAS Premium at least in the secondary
Bakshi premium. market.
(2015)
Tang and | No significant | Matched by: Increased institutional ownership and
Zhang premium. - issuer improved stock liquidity after green
(2020]) -the yearof issuance. | bond issuance. Green bonds can help
enlarge the investor base because
issuing them can attract more media
exposure and be used by impact
investors to satisfy their investment
mandates.
Zerbib Yes, small | Matched by: A negative premium is more
(2018]) negative - issuer, pronounced for financial and low-rated
premium. - maturity, bonds.
- currency,
- rating,
- bond structure,
- seniority,
- collateral
- coupon type,

- alimited difference in
issue date and size.
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Annex B: Comparison between the characteristics of green and conventional bonds

Name of bond Country of Date of . Outstanding
(BBG ticker) issuance issuance Maturity anfo.unt (€ | Currency
billions)
BW?90654 Corp Austria 31/05/2022 | 23/05/2049 4 EUR
BW892759 Corp Austria 31/05/2022 | 23/05/2049 - EUR
AQ387666 Corp Belgium 05/03/2018 | 22/04/2033 10.43 EUR
AR617235 Corp Belgium 05/03/2018 | 22/04/2033 EUR
FRTR 0.5
06/25/2044 France 23/03/2021 | 25/06/2044 14.18 EUR
Govt
- France
FRTR 1.75
06/25/2039 France 31/01/2017 | 25/06/2039 30.94 EUR
Govt
FRTRD O
06/25/2039 France 24/01/2017 | 25/06/2039 -9 EUR
Govt
BS926229 Corp Denmark 21/01/2022 | 15/11/2031 8.97 DKK
BN398347 Corp Denmark 22/01/2021 | 15/11/2031 68.53 DKK
BM138425 Corp Germany 06/11/2020 | 10/10/2025 5 EUR
BK306463 Corp Germany 10/07/2020 | 10/10/2025 25 EUR
BR243376 Corp Germany 10/09/2021 | 15/08/2031 8 EUR
BP980366 Corp Germany 18/06/2021 | 15/08/2031 31 EUR
20291992 CORP Germany 09/09/2020 | 15/08/2030 8 EUR
BJ948280 CORP Germany 19/06/2020 | 15/08/2030 32 EUR
BP474265 Corp Germany 18/05/2021 | 15/08/2050 10 EUR
ZR097974 Corp Germany 23/08/2019 | 15/08/2050 34 EUR
BP158835 Corp Hungary 28/04/2021 | 28/04/2051 91.20 HUF
- Hungary - - - -
BJ814642 Corp Hungary 05/06/2020 | 05/06/2035 1.50 EUR
- Hungary - - - -
BT572641 Corp Hungary 26/01/2022 | 27/05/2032 105.26 HUF
- Hungary - - - -
BU579727 Corp Hungary 25/02/2022 | 25/02/2032 7.80 JPY
- Hungary - - - -
20392836 Corp Hungary 18/09/2020 | 18/09/2030 4.50 JPY
- Hungary - - - -
BU579676 Corp Hungary 25/02/2022 | 22/02/2029 4.70 JPY
- Hungary - - - -
20392837 Corp Hungary 18/09/2020 | 17/09/2027 15.50 JPY
- Hungary

9 This is an Inflation Linked Coupon Strip. For coupon and principal strips, BBG does not have amounts issued
and outstanding. These types of securities are stripped off government bonds in private transactions, and the

data regarding the amounts is not disclosed.
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BU578917 Corp Hungary 25/02/2022 | 25/02/2027 46.80 JPY
- Hungary - - - -
BS973909 Corp Hungary 16/12/2021 | 16/12/2024 1.00 CNY
- Hungary - - - -
AUS20470 Corp Ireland 17/10/2018 | 18/03/2031 6.85 EUR
- Ireland - - - -
B0383338 Corp Italy 10/03/2021 | 30/04/2045 135 EUR
- Italy - - - -
AP496420 Corp Latvia 17/10/2017 | 17/10/2024 0.02 EUR
- Latvia - - - -
AS442589 Corp Lithuania 03/05/2018 | 03/05/2028 0.07 EUR
- Lithuania - - - -
15094777 Corp | Netherlands | 23/05/2019 | 15/01/2040 10.71 EUR
EKO79941 Corp | Netherlands | 21/02/2014 | 15/01/2040 - EUR
AX451553 Corp Poland 07/03/2019 | 08/03/2049 0.5 EUR
- Poland - - - -
AX451552 Corp Poland 07/03/2019 | 07/03/2029 15 EUR
- Poland - - - -
AR022483 Corp Poland 07/02/2018 | 07/08/2026 1 EUR
- Poland
0?/§UPE4821Corp Spain 14/09/2021 | 30/07/2042 ’.24 EUR
0?/53%332 gorp Spain 04/09/2015 | 30/07/2042 EUR
10243821 Corp Sweden 09/09/2020 | 09/09/2030 20 SEK
- Sweden - - - -
BR898393 Corp EU 19/10/2021 | 04/02/2037 17 EUR
; EU ; ; ; .
BV?719365 Corp EU 12/04/2022 | 04/02/2043 6 EUR
- EU
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