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Fit for 55? An assessment of the effectiveness of the EU COM’s

reform proposal for the EU ETS

THERESA WILDGRUBE

The article analyzes the 2021 EU ETS reform proposal that increases the cap reduction factor and adjusts
the rules of the Market Stability Reserve and the Cancellation Mechanism. It finds that the reform
strengthens the EU ETS but does not fully achieve its intended goals.

1. Introduction
Since its establishment in 2005, the European Emissions Trad-
ing System (EU ETS)" has been reformed multiple times, chang-

ing its underlying incentive structure. The reformed and

»kompakt

Um das neue Klimaziel der EU einer Emissionsreduktion von
mindestens 55 % bis 2030 zu erreichen, hat die Europaische
Kommission im Juli 2021 eine Reform des EU ETS im Rahmen
ihres ,Fit for 55"-Pakets vorgeschlagen. Der Reformvorschlag
beinhaltet eine Anhebung des linearen Reduktionsfaktors
(LRF), eine Anpassung der Einspeiseregeln fiir die Marktsta-
bilitatsreserve (MSR) und die Einfiihrung fixer Schwellwerte
fir die Léschung von Zertifikaten. Ein numerisches Opti-
mierungsmodell des EU ETS mit diskreten Zeitintervallen un-
tersucht den Effekt der Reform als Ganzes und zerlegt den Ge-
samteffekt in die Effekte der einzelnen Reformelemente. Die
Modellergebnisse zeigen einen bedeutsamen Effekt der Re-
form mit einem Preisanstieg um 48 % im Jahr 2021 im Vergle-
ich zur bestehenden Regulierung. Der Reformvorschlag war
also, neben anderen Faktoren, verantwortlich fir den beo-
bachtbaren Preisanstieg in diesem Jahr. Die Wirkung des an-
gehobenen LRF ist substanziell. Die Anpassungen von MSR
und Léschungsmechanismus haben hingegen einen gering-
eren Effekt. Insgesamt starkt die vorgeschlagene Reform den
EU ETS, der angehobene LRF und die angepassten MSR-Re-
geln kénnten ihre gesetzten Ziele jedoch nicht vollstéandig er-
reichen. Der angehobene LRF kdnnte die angestrebte Reduk-
tion der EU ETS-Emissionen von 61 % verfehlen. Die ange-
passten MSR-Regeln kdnnen die Resilienz gegeniiber Schocks
erhohen. Sie kénnen aber gleichzeitig die MSR-Einspeisung
verringern und damit die Fahigkeit der MSR, das Zer-
tifikatsangebot zu regulieren. Die fixen Loschungsschwellw-
erte erhéhen wie beabsichtigt die Vorhersehbarkeit des
Mechanismus. Gleichzeitig wirken sie sich aber auch auf das
Erreichen des Emissionsreduktionsziels aus.
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strengthened EU ETS currently reaches price levels of about 87
Euro per EU allowance (EUA) in May 2023, compared to an av-
erage of 24.9 Euro in 2020 and 5.8 Euro in 2017. While other fac-
tors may influence EUA prices, the EU ETS experienced a sig-
nificant price increase after its 2018 reform. Similarly, the EUA
price levels increased from 25.5 Euro in May to 61.3 Euro in Sep-
tember 2021 after the European Commission (EU COM) an-
nounced its ‘Fit for 55  legislative package in July 2021 (ICE
2023). The package proposes measures to achieve the increased
EU climate targets to at least 55% reduction until 2030 com-
pared to 1990 levels and climate neutrality until 2050 set in the
European Climate Law (European Parliament and the Council
of the European Union 2021). The ‘Fit for 55" package contains
a substantive reform proposal for the EU ETS with three key re-
form elements that aim at strengthening the existing EU ETS:
an increase of the linear reduction factor (LRF), an adjustment
of the intake rules of the Market Stability Reserve (MSR) and an
adjustment of the threshold for the Cancellation Mechanism
(CM) (European Commission 2021e).

The first element, the increase of the LRF, i.e., the rate at
which the EU ETS cap decreases each year, aims at achieving
the new, more ambitious climate target of at least 55% reducti-
on until 2030. In accordance with the impact assessment for the
‘Fit-for-55" package, the EU COM proposed an increase of the
LRF to achieve a 61% reduction of EU ETS emissions compared

to 2005 (European Commission 2021b).

'This article uses the following abbreviations: EU ETS: European
Emissions Trading System; EUA: EU allowance; EU COM: European
Commission; LRF: linear reduction factor; MSR: Market Stability Reserve;
CM: Cancellation Mechanism; TNAC: total number of allowances in
circulation.



In 2015, the EU introduced the MSR with the aim of ad-
dressing imbalances of supply and demand of allowances and
increasing the market's resilience to shocks (European Com-
mission 2021d). It adjusts the annual supply of allowances in re-
sponse of the total number of allowances in circulation (TNAC),
transferring excess allowances into a public reserve or reinjec-
ting allowances from the MSR back into the market (European
Parliament and the Council of the European Union 2015). In
2018, the EU complemented the MSR with a CM rendering al-
lowances invalid if the MSR volume exceeds a pre-determined
threshold (European Parliament and the Council of the Euro-
pean Union 2018). It was further established that the EU COM
should review the MSR within the first three year after it ente-
red into force in 2019 (European Parliament and the Council of
the European Union 2015).

The second element of the proposed EU ETS reform is the
two-fold adjustment of the MSR intake rules. First, an increa-
se of the MSR intake rate is proposed to reduce the number of
allowances in the market that potentially cause a surplus of al-
lowances (European Commission 2021d). Second, a buffer zo-
ne shall reduce threshold effects potentially caused by the re-
gulation in place. The aim of the buffer zone is hence to decrea-
se price volatility (European Commission 2021e). Price
volatility is, among others, induced by abrupt shifts in allo-
wance demand or supply that may lead to sudden changes in
the EUA price levels.

The third proposed change to the mechanisms of the EU
ETS is the adjustment of the CM that limits the amount of allo-
wances in the MSR. The EU COM aims at increasing the pre-

2In addition to the outlined adjustments, the EU COM proposes an
extension of the EU ETS to the maritime and aviation sectors into the
main EU ETS (European Commission 2021e). While both sectors only
have a limited amount of emissions (the aviation and maritime caps are
approx. 24 and resp. 79 million allowances (European Commission
(2020) and European Commission (2021e)), the complex provisions for
their integration into the EU ETS would impact the market outcome in
hard to disentangle ways. For the purpose of clearly decomposing the
individual effects of the three reform amendments outlined above, the
research refrains from including these provisions.

3The EU adopted the reform in April 2023. The adjustments to the MSR
and the CM were adopted as proposed by the EU COM. The final LRF is
4.3% from 2024 to 2027 and 4.4% from 2028 (instead of 4.2%) with cap
rebasings of 90 million in 2024 and 27 million in 2026 (instead of a
single reduction of 117 million allowances in 2024)(European Parlia-
ment and the Council of the European Union 2023). The adopted
reform is hence slightly more ambitious that the initial proposal
discussed in the article at hand.
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Pabstract

To achieve the EU’s new climate target of reducing emissions
by at least 55% until 2030, the European Commission pro-
posed a reform of the EU ETS in its Fit for 55’ legislative pack-
age in July 2021. The reform entails an increase of the linear
reduction factor (LRF), an adjustment of the intake rules for
the Market Stability Reserve (MSR) and the introduction of a
fixed threshold for the cancellation of allowances. A numeri-
cal discrete-time optimization model of the EU ETS assesses
the impact of the reform as a whole and decomposes this im-
pactinto the effects caused by the three individual reform el-
ements. The results show a significant impact of the reform
with 48% higher prices in 2021 compared to the current reg-
ulation. Among other factors, the reform proposal has there-
by significantly driven the observed price increase in 2021.
The impact of the increased LRF is substantial, while the ad-
justments of MSR and Cancellation Mechanism are less im-
portant. While the proposed reform strengthens the EU ETS,
the increased LRF and the adjusted MSR rules do not fully
achieve theirintended goals. The increased LRF may not reach
the intended emissions reduction of 61% for emissions cov-
ered under the EU ETS. The adjusted MSR regulation may in-
crease resilience to shocks. Yet, it may also decrease MSR in-
take, reducing the MSR’s ability to regulate allowance supply.
The fixed cancellation threshold increases the predictability
of the mechanism as intended. However, the changed cancel-
lation volume has repercussions on the achievement of the
emission reduction target.

dictability of the CM by proposing a fixed threshold for cancel-
lation instead of the currently flexible threshold (European Par-
liament and the Council of the European Union (2018) and
European Commission (2021e)).>*

The research at hand analyzes the effects of the reform pro-
posal on the price and abatement paths in the EU ETS. In par-
ticular, it aims to understand how the reform proposal could ha-
ve contributed to the price increase and how the relative impact
of the individual reform elements on price levels is. A focus of
the analysis is on whether the individual reform elements effec-
tively achieve their intended goals: The increase of the LRF aims
atachieving the new, more ambitious climate target. The adjust-
ment of the MSR rules with the introduction of a buffer zone
and a long-term higher MSR intake rate aims to tackle market
imbalances as well as to reduce price volatility in the EU ETS.
The proposal for a fixed cancellation threshold targets the pre-
dictability of the CM.

For this purpose, the research extends a model of the EU
ETS developed in Bocklet et al. (2019) with the latest reform pro-
posal. The discrete-time numerical model optimizes firms' aba-

tement in response to their expectation of the allowance price
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path in the EU ETS. It accurately depicts the EU ETS in its cur-
rent regulation including the MSR and CM as well as the pro-
posed adjustments. Different scenarios that integrate only one
additional reform element help to decompose the aggregate im-
pact of the reform into the effects of the individual reform ele-
ments. By comparing the scenarios with and without the indi-
vidual reform element, the analysis assesses the effectiveness of
the element; i.e., whether it achieves its intended goal.

The analysis finds that the proposed reform achieves a hig-
her predictability of the CM. In the current regulation, in a gi-
ven year all MSR allowances above the previous year's auction
volume are cancelled. The auction volume decreases with the
EU ETS cap but is further adjusted to transfers from and to the
MSR. This flexible approach to allowance cancellation shall be
replaced by a fixed and hence more predictable threshold for
cancellations. However, the reform proposal for the CM does
not ensure reaching the new climate target for 2030. Moreover,
the impact of the proposed adjustment of the MSR intake on re-
ducing allowance surplus and decreasing price volatility is am-
biguous. The model results show how the existing mechanism
for MSR intake induces sudden increases or decreases in the al-
lowance supply, thereby potentially destabilizing the EUA price.
The introduction of the buffer zone smooths allowance supply
as it prevents threshold effects caused by the current regulation.
It hence reduced the probability of supply-induced shocks but
does not address price variability caused by the MSR. Moreo-
ver, it may also reduce MSR intake and cancellation volumes
which is in conflict with the other MSR goal of reducing the
number of allowances in circulation. In any case, the model re-
sults also show that the overall impact of the proposed change
in the MSR intake rules may be low.

The analysis of emissions trading systems builds on the se-
minal work of Hotelling (1931) on the optimal extraction path
of finite resources. Hotelling (1931) shows that, in an ideal set-
ting, extraction adjusts such that gains from extraction develop
with the same rate as gains from alternative investments, that is
the interest rate of capital. Rubin (1996) is the first to apply this
finding to an ETS. His work is fundamental to understand the
nature of an ETS based on an intertemporal allocation of an
overall emissions budget.

Recently, research using numerical models of the EU ETS
emerged that analyzes the dynamics of the regulatory system
and draws conclusions on the efficiency and effectiveness of the
EU ETS and its different reforms. Richstein et al. (2015) and Pe-
rino and Willner (2016) evaluate how the MSR affects price and
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abatement paths and find that the MSR does not fulfil its inten-
ded purpose of increasing market stability. Instead, it increases
price variability. Bocklet et al. (2019) and Quemin and Trotig-
non (2021) analyze the impact of the Cancellation Mechanism.
Beck and Kruse-Andersen (2020) and Schmidt (2020) show that
the CM changes the impact of overlapping national policies
which can reduce emissions in the reformed EU ETS, if imple-
mented early on. Bocklet (2020) analyzes the impact of crises on
the EU ETS and finds that MSR and CM can decrease price vo-
latility in times of crisis.

Osorio et al. (2021) and Pietzcker et al. (2021) analyze the EU
ETS in the context of more ambitious EU climate targets. Both
articles do not consider the 2021 reform proposal. Pietzcker et al.
(2021) assess the impact of a 63% reduction sector of the Europe-
an power sector and find that coal-fired electricity generation
would phase out until 2030. Osorio et al. (2021) analyze market
outcomes under a range of MSR parameters (auction share, th-
resholds and intake rate) and LRF options with a focus on the in-
teractions between both reform elements. They find that an MSR
reform can both lead to significantly more or less cancellation and
that the increased LRF may lead to up to twice the cancellation
volume depending on the applied MSR parameters. In contrast
to Bocklet (2020), they find that cancellation volumes are hard to
predict which leads to high price uncertainty.

There is so far no scientific analysis of the EU ETS reform
proposal within the ‘Fit for 55" package. In preparation of the
proposal, the EU COM conducted an impact assessment analy-
zing different options for reforming the MSR and CM (Europe-
an Commission 2021b). The impact assessment uses a model de-
veloped in Quemin and Trotignon (2019) that is similar to the
model applied in the research at hand. However, the analyzed
options differ from the actual EU COM proposal and the com-
bination of different reform elements inhibits developing a cle-
ar understanding of which effects can be attributed to which in-
dividual reform element. The think tank Sandbag (Sandbag
(2021a) and Sandbag (2021b)) has engaged in analyses of the EU
ETS reform but use simulation with fixed assumption of emis-
sions levels. The contribution of the research at hand to the exis-
ting literature is a comprehensive and transparent analysis of
the proposed reform based on most recent data of the EU ETS
using 2020 values of TNAC and MSR volume. The research ana-
lyzes the overall impact of the proposed reform on abatement
and prices as well as the effectiveness of the individual elements.
For this, an optimization model of the EU ETS is used to de-

compose the total impact of the reform into the impact of the



individual elements, comparing their effects against their inten-
ded aim.

The remainder of this paper is organized as follows: Secti-
on 2 outlines the content of the current EU ET'S reform propo-
sal in detail. Section 3 extends the model developed in Bocklet
et al. (2019) with the proposal. Section 4 introduces scenarios
that decompose the impact of the reform into the effects of the
individual reform elements and presents the model results. Sec-

tion 6 concludes.

2. TheEU ETS in its current regulation and
with the reform proposal

This section explains the EU ETS regulation in detail, contrast-

ing the rules for LRF, MSR and CM in the regulation in place

with the EU COM's reform proposal.

2.1 Linear reduction factor

The EU ETS cap in its current form applies a LRF of 2.2% meant
to achieve an emission reduction of 43% for EU ETS emissions
compared to 2005 levels and a 40% climate target for overall
emissions in the EU compared to 1990 levels for the year 2030
(European Parliament and the Council of the European Union
2018). The LRF is not a percentage rate for the cap to decline but
rather a share of initial emissions, i.e., a fixed number of allow-
ances, by which the cap decreases each year. For an increased
EU climate target of at least 55% reduction until 2030 compared
to 1990 levels, the EU COM proposes a 61% reduction of EU ETS
emissions compared to 2005, in accordance with the impact as-
sessment for the ‘Fit-for-55" package (European Commission
2021b). This is equivalent to an increase of the linear reduction
factor from 2.2% to 4.2% from 2021 onwards (European Com-
mission (2021e)).* The EU COM proposes an one-off reduction
of 117 million allowances to accommodate the possible timeline
of changes to the EU ETS Directive assuming a late implemen-
tation in 2024. °To achieve the EU's new long-term target of cli-
mate neutrality in 2050, the EU ETS needs a LRF of 2.0% from

2031 onward. An extrapolation of the current linear reduction

“In fact, the proposed LRF slightly overachieves the target leading to a
emissions reduction of 62% compared to 2005 levels.

SEuropean Commission (2021e) leaves the exact value for the one-off
reduction option to the year the proposal enters into force but
European Commission (2021c¢) states a reduction of 117 allowances.
This, in turn, indicates a target year 2024 for the proposal to enter into
force with 39 million allowances for every year from 2021 to 2023 in
which the increased LRF is not applied.
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factor of 2.2%, as applied in Bocklet et al. (2019), leads to zero
supply of emissions only in 2058.

2.2 Market Stability Reserve

In 2015, the EU introduced the MSR with the aim of stabilizing
the market by addressing imbalances of supply and demand of
allowances and increasing the EU ETS's resilience to shocks
(European Commission 2021d). The MSR started operating in
2019. It adjusts the annual supply of allowances in response of
the TNAC volume. If the TNAC is higher than 833 million al-
lowances, the auction volume of a year is reduced by a share of
the TNAC. This share is stored in the MSR (European Parlia-
ment and the Council of the European Union 2015). From 2019
to 2023, this share is set to 24%. After 2023, it should decrease
to 12% under the current regulation (European Parliament and
the Council of the European Union 2018).

The EU COM proposes a two-fold adjustment of the MSR
intake rule. First, draft directive 2021/0202 proposes that the in-
take rate from 2024 to 2030 should continue to be at 24%. The
preamble of the proposal for the directive states that the current
intake rate of 12% after 2023 may cause a harmful surplus of al-
lowances. The aim of the increased MSR intake rate is to reduce
the number of allowances in the market. After 2030, the propo-
sal suggests reverting the intake rate from 24% to 12% (Europe-
an Commission 2021d). Second, the EU COM identifies a th-
reshold effect caused by the MSR regulation in place: Once the
TNAC is at 833 million allowances, MSR intake jumps from zero
to 100 (at a 12% intake rate) or 200 million allowances (at a 24%
intake rate). The EU COM proposes a smoother intake rule: Wi-
thin a buffer zone between a TNAC of 833 and 1096 million al-
lowances, only the difference between 833 million allowances
and the actual TNAC is transferred to the MSR. At a TNAC of
834 million allowances, that is only one allowance. Ata TNAC
of 1096 millions allowances, it is 263, which is exactly 24% of
the TNAC. In this way, the buffer zone provision reduces MSR
intake for a general intake rate of 24%. The aim of the buffer zo-
ne is to prevent abrupt spikes in allowance supply, thereby sta-

bilizing EUA prices (European Commission 2021e).

2.3 Cancellation Mechanism

In 2018, Directive 2018/410 introduced a CM rendering allow-
ances in the MSR invalid if the MSR volume exceeds a predeter-
mined threshold. This mechanism endogenizes allowance sup-
ply. While the MSR by itself only shifts abatement in time, the

CM changes the overall allowance budget available to the mar-
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ket based on the firms' abatement behaviour. The current regu-
lation sets the cancellation threshold to the previous year's auc-
tion volume (European Parliament and the Council of the Eu-
ropean Union 2018). In its reform proposal, the EU COM states
that the current mechanism is not predictable enough as the
cancellation threshold depends on the auction level. The auc-
tion supply decreases every year and in addition depends on the
MSR as the number of auctioned allowances is reduced by the
MSR intake. With the proposed reform, the EU COM aims at
increasing the predictability of the CM by setting a fixed thresh-
old for cancellation of an MSR volume of 400 million allowanc-

es (European Commission 2021e).

3. Modeling the EU ETS reform proposal

To assess the impact of the proposed EU ETS reform, the re-
search extends a numerical optimization model of the EU ETS
developed in Bocklet et al. (2019) which is based on the model
of an intertemporal allowance market in Rubin (1996). The EU
ETS model uses discrete annual time steps t=1,2,...T and accu-
rately depicts the EU ETS including the Market Stability Reserve
and the Cancellation Mechanism. The updated model compares
the 2018 regulation with the EU COM's proposal from July 2021
as described in section 2.

This section sets up the optimization problem of firms in a
multi-period emission trading system and derives the market
clearing condition. It further sets up model equations for the
MSR and CM according to the current regulation and the EC's
reform proposal. The section concludes with remarks on the

model implementation and the applied parameters.

3.1 Firms' decision

In the model, Npolluting firms have to buy allowances for their
emissions and hence decide on their level of abatement a(t) or
the number of allowances they buy in each period x(t), respec-
tively.® Firms act rationally and have perfect foresight. Extend-
ing the original model in Bocklet et al. (2019), Bocklet and Hin-
termayer (2020) show that hedging of allowances and myopic
behavior influenced the EU ETS outcome in the past. While
these factors probably continue to play a role in the market be-

havior, the research at hand refrains from transferring the mod-

To simplify the notation, the research assumes identical firms. This is
has no effect on the results as the numerical model uses an aggregate
marginal abatement cost function. See for instance Perino and Willner
(2016) for a similar model with heterogeneous firms.
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el results of Bocklet and Hintermayer (2020) to the here applied
model for two reasons. First, it is likely that bounded rationali-
ty only prevails at low allowance price levels. High allowance
prices increase the stakes for firms in the market. Hence, they
should take a longer-term perspective and reduce costly hedg-
ing. Moreover, the increasing participation of financial actors
should likewise have decreased the impact of hedging and my-
opia. Quemin and Pahle (2023) show that the number of invest-
ment funds in the EUA market increased from under 100 in Jan-
uary 2018 to almost 350 in November 2021. Second, the consid-
eration of bounded rationality elements in firms' behavior
increases the model complexity at the cost of losing transparen-
cy and the ability to disentangle the effects of individual model
elements and assumptions.

Each firm minimizes the present value of its total expendi-
ture which is the sum of abatement costs C(a(t)) and payments

for x(t) allowances at price p(t) discounted at interest rate r.

py=yr 1 1

=01+ N A+ 0!

[Cla®)+p®)x(B)] 1)

The firm can bank the allowances in order to use them at a later
point in time. The individual bank of the firm b(t) cannot be low-
er than zero; that means, a firm cannot emit more than it owns
in allowances. The firm has a constant level of baseline emissions
uthat the firm would have in a hypothetical setup without an
emission trading system. Combined with the intertemporal con-

straint on banking, the minimization problem of the firm is

T 1

T [Ca®) + px(®)]

s.tb®-bt-1) = x() —u+a@) forall t =1,2,.,T @)
bt =20
x®,a®) 0

min a(t),x(t)

The Lagrangean optimization yields the equilibrium condition

Ca@®) = p ®3)

The firm sets its abatement level a(¢)such that the marginal
abatement costs equal the allowance price p(t).

The model assumes a quadratic abatement cost function
C(a(t)) and hence a marginal abatement cost (MAC) function
C’ (a(t)) that increases linearly in abatement a with an exo-

genous cost parameter c:

Cw@®) = ca® 4)



3.2 Market equilibrium

The market determines the allowance price such that the de-
mand of the N identical firms and the supply of allowances are
in equilibrium. Supply can come from the private bank b or the
issuance of allowances I. The path of issued allowances decreas-
es with a linear reduction factor a(t), i.e. I(t)=I(t-1)-a(t) I,. The
regulator issues a share of allowances through auctions I _ (t)
and the remaining allowances for free.

It must hold that aggregated emissions, that is baseline
emissions minus abatement, over time are smaller than aggre-
gated issued allowances plus the initial bank:

Lou—a(®)[u—a(f)] < 2t I(F) + b, forallt = 0,1,..,T (5)
The allowance price develops over time according to the follow-

ing rule, derived from the firm's optimization problem in equa-

tion 2.
p+D-p® _ Z40)
—5o -7 1+ 108 (6)

In a setup in which the total number of allowances is available
at all points in time, the price would increase with the interest
rin line with Hotelling (1931). In the setup of the EU ET'S bor-
rowing is not allowed. y, (t) can be interpreted as the shadow
costs of the borrowing constraint. If firms would optimally
abate less than allowances are available, then the constraint on
borrowing is binding. This occurs when the private bank is emp-
ty, i.e. b=0. In this case the price increases at a lower rate than

Tr.

3.3 Market Stability Reserve

and Cancellation Mechanism
The EU introduced the Market Stability Reserve and the Can-
cellation Mechanism with the aim to stabilize allowances sup-
ply in the EU ETS. The combined mechanism of MSR and CM
adjusts the allowances supply as reaction to the total nu mber of
allowances in circulation TNAC(t)=Nb(t).

According to the EU COM's reform proposal, if at any point
of time tthe TNAC is higher than a threshold £, allowances en-
ter the MSR in the following year instead of being auctioned. Un-
der the 2018 regulation, MSR intake is a share y(t) of the TNAC.
The reform proposal suggests introducing a buffer zone such that
if the TNAC is in a range between £, and 7, , the MSR intake
only amounts to the difference between the TNACand 7, _ . Abo-
ve fup, the intake increases to a share y(t) of the TNAC for both
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the 2018 regulation and the reform proposal. The auction volume
L., (t) decreases by the same amount of allowances. Under both
regulations, if TNAC(t) is below a lower threshold Z,  , Rallowan-
ces from the MSR are added to the auction volume of the follo-
wing year (European Parliament and the Council of the Europe-
an Union (2015) and European Commission (2021d)).”

The CM determines that allowances are cancelled from the
MSR, i.e. are rendered invalid, if the MSR exceeds a limit of
14

cancel”

Under the regulation in place, Z___, is set at the previous
cance
year's auction volume. The proposed reform fixes the threshold

¢

cancel

at 400 million allowances (European Parliament and the
Council of the European Union (2018) and European Commis-
sion (2021d)).

In the model, the endogenous supply of allowances is ex-
pressed by
It = I(t - 1) — «(O] — Intake(t) + Reinjection(t) (7)

The MSR volume is then given by
MSR(t) = MSR(t — 1) + Intake(t) — Reinjection(t) — Cancel(t) (8)
with

yO* TNAC (t — 1) if TNAC(t - 1) > £
0

MP) (9)
else,

Intake(t) = {

for the 2018 regulation and

Intake(t) =
y(®O* TNAC ni(t — 1) if TNAC (t — 1) 2 £,,,,
TNAC (t = 1) = Caone if €4p > TNAC (f = 1) 2 Cones (10)
0 else

for the reform proposal as well as rules for reinjection and CM
of

Reinjection(t) =
RifTNAC (t—1) < 1w A MSR(t) 2 R,
MSR () if TNAC (t - 1) < £),, AMSR(®) < R, 11
0 else,

"The threshold for MSR intake £ zoneis 833 million and the upper
threshold Z upunder the reform proposal is 1096 million allowances.
The intake share y(t )is 24% until 2023 and 12% afterwards under the
regulation in place. The EU COM proposes maintaining y(t) at a level of
24% until 2030. The reinjection is triggered at a lower threshold

¢ low of 400 million allowances and comes at yearly tranches Rof 100
million allowances (European Parliament and the Council of the
European Union (2015) and European Commission (2021d)).
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MSR(t) - fcancel lfMSR(t) > l’ﬂcancel’

(12)
0 otherwise

Cancel(t) = {
3.4 Model implementation and parametrization

The model is implemented and solved by GAMS and CPLEX as a
mixed-integer linear program. The non-linear regulatory decision
rules in both the regulation in place and the reform proposal are
linearized using binary variables and the big-M method.

Following Bocklet et al. (2019), the numerical model uses
an interest rate of r=8%, baseline emissions of u=2000 million
CO,eq. and a cost parameter c=0.75 that leads to costs of the
backstop technology of 150 Euro per ton.

The updated model starts in 2021 for both regulations and
adjusts the cap to account for the withdrawal of installations
from the United Kingdom. The 2021 cap therefore decreases to
1,572 million allowances (European Commission 2021e).

The MSR started in 2019 with an initial endowment of 900
million allowances from backloading between 2014 and 2016
(European Parliament and the Council of the European Union
2015) and 600 million not allocated allowances from phase III
of the EU ETS (European Commission 2015). The starting value
for the MSR volume in 2021 is 1925 million allowances (Euro-
pean Commission 2021a). In 2021, the MSR intake is 333 milli-

on allowances.®

4. Results

This section decomposes the overall effects of the reform into
the individual effects of the different amendments. For this pur-
pose, the research sets up four different scenarios, depicted in
table 1. The 2018 regulation scenario represents the current sta-
tus of the EU ETS with a LRF of 2.2% and the existing imple-
mentation of the MSR and CM as outlined in section 2. The In-
creased LRF scenario updates the climate target of the 2018 reg-
ulation scenario to a LRF of 4.2% until 2030 and of 2.0%
afterwards. The New MSR scenario extends the Increased LRF
scenario by including the new MSR intake rules in accordance

with the ‘Fit-for-55" proposal described in section 2. The Fit for

8n reality, MSR intake is determined for a period from September of
one year to August of the next year. However, MSR volume for the
cancellation mechanism is the end value of each year. To adjust this
MSR intake to a yearly basis, the model uses for 2021 the January to
August 2021 value from 2020's Communication C(2020) 2835 adjusted
by Notice 2020/C 428 1/01 plus an estimate for MSR intake from 2021's
Communication C(2021)3266. The estimate uses the 2020 share of the
September to December intake from the 2020's Communication total
intake.
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» Tab.1/ Scenario Overview

LRF MSR CcM
2018 regulation | 2.2 until 2057 | 7, =833 million EUA MSR >
y=0.12 after 2023 TNAC(t-1)
Increased LRF 4.2 until 2030 ! "
2.0 until 2050
New MSR " Z e = 833 million EUA "
£, = 1,096 million EUA
y=0.24 after 2023
Fit for 55 " " MSR >
400 million EUA

55 scenario includes all three reform elements and thus entails
a CM with a fixed cancellation threshold of an MSR volume

above 400 million allowances.

4.1

To assess the impact of the increased LRF on its own, the In-

Increased linear reduction factor

creased LRF scenario is compared to the 2018 regulation scenar-
io. The increased LRF applied ex-ante, i.e. without MSR move-
ments and cancellations, leads to a 62% emissions reduction in
2030 and climate neutrality in 2050. In total, it causes a reduc-
tion of overall allowance supply by 10,100 million allowances,
or 34.2%, compared to the counterfactual 2018 regulation sce-
nario in which the 2.2% LRF is extrapolated until allowance sup-
ply becomes zero. Fig. 1 contrasts the ex-ante allowance supply
of the two scenarios. It becomes apparent that while the exist-
ing regulation achieves climate neutrality in the EU ETS sectors
in 2058, climate neutrality in 2050 requires a significant reduc-
tion of the allowance cap. With a LRF of 4.2% until 2030, the cli-
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» Fig. 1/Ex-ante allowance supply under the 2018 regulation
and the Fit for 55-proposal
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mate neutrality target for 2050 can be achieved with a lower LRF
of 2.0% after 2030.

Fig. 2 highlights the differences in the model results of the
two scenarios. The tightening of allowance supply leads to an in-
crease of the allowance price over the model horizon. The 2021
price level is 46.4% higher with the new target. Accordingly, aba-
tement is shifted forward and increases proportionally to the
price increase. The emission level reduces to zero already in 2050
under the increased LRF; i.e., firms do not bank allowances for
the time the allowance supply is zero.

The higher price and, hence, abatement level lead to a hig-
her TNAC from 2021 to 2028. This, in turn, triggers more and
longer MSR intake. While under 2018 regulation intake takes
only place in 2021 and 2022, it is prolonged until 2024 in the In-
creased LRF scenario. This leads to a higher cancellation volu-
me with the new target. Notably, the longer intake period leads
to lower auction levels in 2023, thus triggering additional can-
cellation in 2024. The aggregate cancellation volume increases
from 1,945 to 2,355 million EUA, i.e. by 21%. As the rules for
MSR intake and cancellation do not change between the two
scenarios, the MSR volumes after the cancellation in 2023 do not
vary significantly. The higher TNAC in the Increased LRF scena-
rio leads to a later start of reinjection of MSR allowances into the
market in 2028 compared to 2027 in the 2018 regulation scena-
rio. In the long run, the lower allowance supply leads to a qui-
cker depletion of the TNAC such that, after 2028, its level is lo-
wer under Increased LRF than under 2018 regulation.

The increased LRF ex-post misses its aim of a 61% emission
reduction compared to 2005 levels. While the ex-ante cap over-
achieves the targets with a 62% reduction, the resulting emissi-
on level in 2030 only achieves a 58% emission reduction. Not on-

ly use firms allowances from the TNAC in 2030 but the climate
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target year lies moreover in the period of MSR reinjection. In
other words, the MSR impedes the achievement of the climate
target for 2030. This confirm the results from Osorio et al. (2021)
that a LRF of 5.1% would be needed to achieve an emission re-
duction of 63% under the EU ETS.

4.2 Revised MSRregulation
As explained in detail in section 2, the reform proposal suggests
to adjust the current MSR regulation in two ways: First, a buffer
zone shall be introduced to reduce price volatility by enabling a
smooth increase of the intake level instead of the hard thresh-
old of the 2018 regulation. Under the 2018 regulation, MSR in-
take increases for an additional unit of TNAC above the thresh-
old from zero to a significant number. Under the ‘Fit for 55 pro-
posal, intake is in the same case only one allowance - the
difference between the threshold and the TNAC. Second, the re-
form proposes to increase the MSR intake rate from 12 to 24%
with the aim to reduce the number of allowances in the market.
The model results show that the proposed New MSR regu-
lation does not significantly change the MSR intake compared
to the 2018 regulation ceteris paribus. Fig. 3 presents the diffe-
rence in MSR intake between the Increased LRF and the New
MSR scenarios. The intake values under the New MSR decrease
by 0.2% for 2022 and by 0.5% for 2023 as the reform proposal
only takes effect in 2024. Even if the reform proposal took effect
in 2021, MSR intake would only change negligibly as the TNAC
in 2021 is above and in 2022 only slightly under the upper th-
reshold of TNAC. Above this threshold, the two MSR designs
do not differ at a given intake rate. Despite the same intake ru-
le in both scenarios for 2022 and 2023, there is a slight differen-
ce in the intake values that is caused by the firms' expectation of

the change in regulation after 2023.
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» Fig.3/MSRintake under Increased LRF and New MSR

In 2024, the model estimates a decrease from 108 to 57 mil-
lion allowances intake in the MSR induced by the proposed ch-
ange in the regulation. At a TNAC of 897 or 890 million allo-
wances, respectively, in 2023, intake at a rate of 12% in line wi-
th the regulation in place is significantly higher than with an
intake under New MSR (of the difference of the previous year's
TNAC and 833 million allowances). We can, however, not con-
clude that the proposed MSR will in all cases lead to less intake.
For a TNAC above 947 million allowances, the proposed regu-
lation leads to more intake than the current regulation with a
12% intake rate.’ The increase of the intake rate from 12 to 24%
from 2024 onward has in the model no effect as intake in any ca-
se ceases after 2024 due to the low level of TNAC associated wi-
th the more ambitious climate target

Fig. 4 presents the differences between the Increased LRF

and the New MSR scenarios in detail. As the cancellation me-

°At an intake rate of 24% under the regulation in place, in contrast, the
proposed transition zones leads in all cases to a lower intake.
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chanism does not vary between the two scenarios, the lower
MSR intake presented in Fig. 3 translates directly into a cancel-
lation volume that is by 53.7 million allowances lower in New
MSR than in the Increased LRF scenario. In perfect foresight of
the higher allowance supply in New MSR, the price starts at a
slightly lower level. The lower price induces lower abatement in
New MSR compared to Increased LRF in all years. Less abate-
ment leads to alower TNAC from 2021 to 2023. In 2024, the ch-
anged MSR intake rules with less intake in New MSR boost the
TNAC level compared to the Increased LRF but the higher
TNAC levels deplete in the following years because of the lower
abatement. Price levels are identical again once the TNAC and
MSR become zero in 2034 in both scenarios as the abatement
and price levels are determined by the allowance supply. While
the direction of change induced by the proposed adjustment of
the MSR is ambiguous, it is worth noting that the difference in
the results of the two scenarios are lower than 1% and hence neg-
ligible. The adjusted MSR intake rules have no significant im-
pact on the EU ETS market outcome (Fig. 4).

The EU COM states the aim of the buffer zone as reducing
price volatility. Price volatility describes historical price mo-
vements over a longer period that cannot be assessed in a simu-
lation model. We follow the interpretation of Perino and Will-
ner (2016) that the EU COM's concept of market stability rather
refers to the absolute price change in response to shocks, i.e.,
price variability. We can further say that an unexpected change
in allowance supply constitutes a system-inherent shock. Fig. 5
provides a first idea of the impact of the buffer zone on allowan-
ces supply. It shows that, while its introduction in New MSR
smooths allowance supply and hence should reduce price vari-
ability, the effect is only visible in 2024.

To further assess the MSR reform's impact on price variabi-

lity, we can extend the findings of Perino and Willner (2016) to
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» Fig.5/Ex-post allowance supply under Increased LRF and
New MSR

the proposed regulation. The authors find that the MSR in its cur-
rent regulation increases price variability in case of a shock. The
MSR has accordingly a destabilizing effect on the allowance mar-
ket. Independent of our model results, we can conclude from the
findings of Perino and Willner (2016) that a reform reducing the
impact of the MSR must increase the market's resilience, while
the destabilizing effect is more pronounced if the impact of the
MSR is stronger. The impact of the reform proposal is hence am-
biguous as the MSR intake is lower for a TNAC between 833 and
947 million allowances and higher above this level.

Perino and Willner (2016) focus on demand-induced
shocks, e.g., economic crises or overlapping policies. The MSR
reform proposal, however, is not directed at addressing this ty-
pe of shocks. Its intention is rather to reduce the uncertainty re-
garding the level of MSR intake and this objective is achieved.
We can therefore conclude that while the reform proposal may
not increase the general resilience to shocks and even deteriora-
te it, it reduces price variability induced by the MSR intake th-
reshold and hence increases market stability.

We find an ambiguous effect also for the second goal of the
MSR adjustment, the reduction of allowance supply. Introdu-
cing a buffer zone increases allowance supply. This effect may be
offset and even overcompensated by the increase of the intake
rate from 12% to 24%.

Note that there is an inherent trade-off between the two go-
als of the MSR, low price volatility and regulation of allowance
supply. Any deviation from the predetermined allowance cap
that is not fully predictable for market participants may consti-
tute a supply shock that increases price variability. Osorio et al.
(2021) confirm this by computing MSR and cancellation volu-
mes for a range of parameter constellations. They find highly un-

certain results and conclude that these instruments induce un-

61

certainty regarding the allowance price. The proposed adjust-
ment can mitigate but not overcome this trade-off. In the same
vein, Salant (2016) discusses that any sort of additional regula-
tory intervention in an ETS has a destabilizing effect leading to
inefficiently high total abatement costs. In this sense, there is a
trade-off between the small overall positive impact of the pro-
posed adjustments to the MSR and CM mechanisms and the ne-
gative impact of potentially increasing regulatory risk in the

market by again changing the regulation in place.

4.3 Revised Cancellation Mechanism
Regarding the revision of the cancellation mechanism, econom-
ic intuition suggests that a cancellation threshold of 400 million
allowances compared to the previous year's auction volume from
the current regulation would significantly increase the cancel-
lation volume. However, the increase induced by the revised can-
cellation mechanism only amounts to 3.2% of the total cancel-
lation volume. Fig. 6 shows that while in the Fit for 55 scenario
cancellation volumes increase in 2023 and 2024 compared to the
New MSR scenario, the cancellation in 2025 decreases to zero
in both scenarios. With a fixed cancellation threshold, the first
cancellation limits the MSR volume to 400 million allowances
and, in consequence, further cancellation only takes place in
years with MSR intake. As the last year of MSR intake in Fit for
55 is 2024, there is no cancellation after this year. A sensitivity
analysis shows that even an extreme threshold of zero would not
have a significantly higher cancellation volume, as the ‘Fit for 55’
proposal can only enter into force by 2024 and the cancellation
volume depends more on the MSR intake than on the cancella-
tion threshold.

Fig. 7 presents the differences between the New MSR and
the Fit for 55 scenarios in detail. The expectation of a higher can-
cellation volume leads to higher prices and consequently more

abatement in the Fit for 55 scenario. The lower cancellation in
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» Fig. 6/ Cancellation volume under New MSR and Fit for 55
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New MSR leads to a higher remaining MSR volume after the
cancellation and allows for a two years longer reinjection peri-
od from 2028 to 2033, instead of 2031 in Fit for 55.1

The model results show that the proposed fixed cancellati-
on threshold of 400 million allowances leads to a higher cancel-
lation volume compared to the current threshold which is de-
fined by the previous year's auction level. This is not necessarily
the case under other circumstances. In the model setup, there is
no additional MSR intake after 2024 and, hence, cancellation
only takes place in 2023 and 2024, both under the 2018 regula-
tion and the proposed reform. While the cancellation volume in
the first years is in all cases higher under the proposed fixed can-
cellation threshold of 400 million allowances, there could be ad-
ditional cancellation under the 2018 regulation but not under
the proposed reform later in the case of an MSR volume below

400 and a previous year's auction level that is even lower.

°This explains the spike in the price difference as the reinjection allows
for a longer maintenance of a Hotelling price path in New MSR.
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» Fig. 8/ Achieved versus target reduction
for 2030 in the four scenarios
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4.4 Scenario comparison

To understand the impact of the individual reform elements, this
subsection compares the four scenarios regarding the model re-
sults for emission reduction, EUA prices and cancellation vol-
ume. Fig. 8 shows that all scenarios significantly fall short of the
61% climate target of 2030. While this is not surprising for the
2018 regulation scenario that aims at a reduction of 43%, the in-
creased LRF can only partially close the gap. The adjusted MSR
and CM have only a minor additional impact on the 2030 abate-
ment level.

Fig. 9 indicates the impact of the reform elements on the
2021 allowance price level. While the reform as a whole increa-
ses price levels by 48%, 46 percentage points of these can be at-
tributed to the increased LRF. In New MSR, the proposed MSR
rules decrease the price level by one percentage point as the MSR
intake is lower than in Increased LRF. The increased cancellati-
on volume in the Fit for 55 scenario increases the 2021 price le-
vel by only 3 percentage points.

While the impact of the MSR and CM adjustments on abate-

ment and price levels are minor compared to the impact of the in-
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» Fig.9/Decomposition of changes in 2021 price level into the
individual reform elements
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» Fig. 10/ Decomposition of changes in cancellation volume in-
to the individual reform elements

creased LRF, all three reform elements have significant effects on
the aggregate cancellation volumes. Fig. 10 shows how the total
increase in cancellation volume of 563 million allowances can be
attributed to the different elements of the reform proposal. The
main share of the increase (410 million allowances) stems from
the increased LRF. The proposal for an adjusted MSR regulation,
in contrast, reduces the overall cancellation by 54 million and the

new CM rules lead to an increase of 217 million allowances.

5. Discussion of critical model assumptions

The model results may to a large extent depend on critical mod-
el assumptions. This section discusses how model results would
change if these assumptions were relaxed and under which re-
al-world circumstances this might be the case. Baseline emis-
sions may change over time in response to the development of
the economy or to overlapping policies. The impact of changed
baseline emissions on the ETS outcome and on the effect of the
reform proposal depends on two factors: the duration of the
change in baseline emissions (temporary or permanent) and the
market's anticipation of these changes. In the case of a sudden
economic crisis or a similar shock baseline emissions may drop
abruptly but also recover quickly. In consequence, the TNAC
might increase to levels above 833 million allowances and there
might be an additional phase of MSR intake. In this case, all al-
lowances transferred to the MSR are automatically cancelled un-
der the proposed CM. Under the current regulation, the impact
of a short-term crisis is less clear as the cancellation depends on

the previous year's auction level, i.e., the timing of the demand

""More generally speaking, economic crises can take different shapes of
recovery. See Bocklet (2020) for an analysis of different types in the con-
text of the EU ETS..
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shock. Thus, the proposed adjustment increases predictability
of the CM also in this case.

Overlapping policies or long-term changes in the structure
of the economy may affect the level of baseline emissions more
permanently than economic crises. For instance, higher levels
of RES or lower electricity demand reduce baseline emissions.
The identified effects would be more pronounced but go in the
same direction as for a temporary baseline emissions shock. Ho-
wever, particularly with overlapping policies, it is likely that
market agents anticipate these effects. In this case, the price and
abatement paths would adjust already before the change occurs.
Anticipated overlapping policies that reduce baseline emissions
can therefore decrease price and abatement levels along the en-
tire EU ETS horizon and even lower the cancellation volume
compared to a benchmark without the overlapping policies. Ro-
sendahl (2019) and Schmidt (2020) provide analyses of this
so-called New Green Paradox. The proposed adjustment of the
MSR and CM rules cannot overcome this problem.

The model results further depend critically on the assump-
tion of the functional form of the MAC curve. The slope of the
MAC curve determines how abatement is distributed over
time. The model uses a smooth synthetic MAC curve with a li-
near slope. This assumption may not hold in reality, as Hinter-
mayer et al. (2020) indicate. We can qualitatively assess the ef-
fect of deviations from this assumption. An overall steeper or
flatter linear MAC curve is equivalent to a change in backstop
costs and has no impact on the distribution of abatement over
time, as Bocklet et al. (2019) show. If, however, only the low-
cost segment of the MAC curve becomes flatter, for instance
induced by a smaller gas-coal-spread for electricity generati-
on, while the costs of abatement options in the high-cost
MACC segment are unchanged, firms would frontload abate-
ment efforts. This, in turn, would increase TNAC, MSR intake

and cancellation volumes.

6. Conclusion

The research at hand applied a discrete-time optimization mod-
el of the EU ETS to assess the impact of the EU ETS reform pro-
posed in the ‘Fit for 55" package of the European Commission
as a whole and to decompose the effects of the three main re-
form elements. The model results show a significant impact of
the reform with 48% higher prices in 2021 under the proposed
reform than under the 2018 regulation. This indicates that mar-
ket participants expected the reform to enter into force and this

drove the 2021 price increase significantly. The results show that
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the increased linear reduction factor has by far the largest im-
pact on the EU ETS market outcome, driving 46 percentage
points of the 48% price increase. In comparison, the adjustment
of the MSR intake rules and the CM has only a smaller impact
of together two percentage points.

The model results indicate that the proposed adjustment of
the EU ETS mechanisms strengthen the EU ETS as key instru-
ment of EU climate policy. The reform raises the climate ambi-
tion of the EU ETS and increases the predictability of the can-
cellation mechanism. Nevertheless, the achieved improvements
may be of limited impact. The adjusted MSR intake leads to a si-
gnificant change only in 2024 as there is no further MSR intake
afterwards under the old and new MSR rules. Similarly, the fi-
xed threshold for cancellation leads only to a higher cancellati-
on volume in its introduction year 2024. Further cancellation
would only take place if there was additional MSR intake. This
is not the case under the model configurations. The increased
LREF reinforces the low impact of the MSR and CM it decreases
TNAC levels. The increased climate targets may render the other
proposed reform elements unnecessary.

The reform may not fully achieve its goals. The model re-
sults show that the increased linear reduction factor does not en-
sure the achievement of the new climate target for 2030. The
emissions level in the target year may be higher as firms may use
their banked allowances and allowances from the MSR may be
reinjected into the market. While this may not be a serious flaw
of the EU ETS from an economic point of view, it is a drawback
for a reform labeled ‘Fit for 55°. Furthermore, the impact of the
proposed adjustment of the MSR intake on reducing allowance
surplus and decreasing price volatility is ambiguous. The intro-
duction of the buffer zone smooths allowance supply as it pre-
vents threshold effects caused by the current regulation. Howe-
ver, it may also reduce MSR intake and cancellation. Decreasing
price volatility through the buffer zone may hence be in conflict
with the other MSR goal of reducing the number of allowances
in circulation.

The underlying reason of the inability of the reform to
achieve its goals is the hybrid nature of the EU ETS combining
elements that orient towards an overall emissions budget and
others that focus on the achievement of annual emissions tar-
gets. While the intertemporal nature of emissions trading sys-
tem inhibit precisely targeting annual emissions reductions, the
uncertainty induced by the MSR and Cancellation Mechanism
further complicates this endeavour. EU ETS reforms need to

constantly balance both approaches that are partially in con-
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flict. While economic theory favors a budget approach, politi-
cal commitment problems as well as providing optimal incen-
tives for innovation and learning by doing favor a system with
annual targets. Further research is needed to understand the
optimal balance between the two approaches. In particular, the-
re is still a lack of understanding how allowance supply in emis-
sions trading systems should be regulated in order to ensure op-
timal abatement paths beyond the Hotelling rule of resource

extraction. 8
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