
u n i ve r s i t y  o f  co pe n h ag e n  

National Climate Policies and the European Emissions Trading System

Silbye, Frederik; Sørensen, Peter Birch

Published in:
Nordic Economic Policy Review

DOI:
10.6027/Nord2019-012

Publication date:
2019

Document version
Publisher's PDF, also known as Version of record

Citation for published version (APA):
Silbye, F., & Sørensen, P. B. (2019). National Climate Policies and the European Emissions Trading System.
Nordic Economic Policy Review, 2019(12), 63-101. https://doi.org/10.6027/Nord2019-012

Download date: 22. maj. 2023

https://doi.org/10.6027/Nord2019-012
https://curis.ku.dk/portal/da/persons/peter-birch-soerensen(2ea16574-8915-4912-9787-0e69a011945d).html
https://curis.ku.dk/portal/da/publications/national-climate-policies-and-the-european-emissions-trading-system(36c93f82-b203-4f6d-96f5-94297e5a8a77).html
https://doi.org/10.6027/Nord2019-012


63
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Barriers and Opportunities
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Trading System
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Abstract

We set up a model of the European Emissions Trading System (ETS) to evaluate 
the prospects for the system after the recent reform. Our simulations indicate 
that the current allowance surplus may not disappear before the 2050s. They 
also show that the mechanics of the new Market Stability Reserve imply that an
nulment of allowances by an EU member state may be largely ineffective, where
as national emission reductions can permanently reduce EUwide CO2 emissions. 
We suggest that the next ETS reform should include a floor and a ceiling for the 
price of emission allowances.
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1. Introduction 

Economists have long pointed out that the costs of cutting global 
greenhouse gas emissions may be reduced by allowing internation
al trade in emission rights. The Emissions Trading System (ETS) in 
the European Union is so far the most important attempt to reap 
the gains from trade in CO2 emission allowances, accounting for 
over three quarters of international carbon trading. The ETS covers 
the energy sector and energyintensive industrial emitters, repre
senting about 45 percent of total greenhouse gas emissions in the 
EU (European Commission 2017).

 
Despite the existence of the ETS, member states of the European 
Union offer extensive government support for renewable energy, 
including various investment subsidies as well as feed-in tariffs 
and feedin premiums for renewablesbased electricity production. 
Many economists3 have been highly critical of the overlapping reg
ulations implied by the combination of national subsidies to renew
ables and the EUwide capandtrade system for the ETS sector. 
The critics argue that national subsidies do not benefit the climate 
since the total emissions from the ETS sector are capped and that 
they increase the cost of meeting EU climate policy targets by pre
venting the crosscountry equalization of marginal abatement cost 
that the free trade in emission allowances would otherwise bring 
about.

 
On the other hand, many observers have argued that the current 
large surplus of ETS emission allowances keeps the allowance price 
below the level needed to spur a quick transition to renewable en
ergy. According to these critics, the allowance surplus implies that 
member state subsidies to renewables within the ETS sector will in 
fact reduce total emissions in the short and medium term and may 
help to pave the way for a reduction in total allowance supply.4 

 
Against this background the present paper seeks to answer four 
questions: (1) Has the ETS fulfilled its mission so far? (2) What  
are the prospects for the European carbon market after the latest  

3 Böhringer et al. (2008), Eichner and Pethig (2009), Böhringer et al. (2009a, 2009b), 
Boeters and Koornneef (2011) and Heindl et al. (2015) to name but a few.
4 See, e.g., Sandbag (2016a) and the Danish Council on Climate Change (2017).
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reform of the ETS in 2018? (3) Are member state policies aimed 
at reducing national emissions from the ETS sector ineffective? (4) 
How can the future performance of the ETS be improved?

 
Our analysis has three main implications: First, despite the 2018 
ETS reform aimed at reducing the surplus of emission allowances 
and driving up the allowance price, the allowance surplus is like
ly to persist for several decades in the absence of further reform. 
Second, because the 2018 reform endogenizes the total supply 
of emission allowances, national policy measures that reduce the 
demand for emission allowances can reduce total European emis
sions permanently and not just temporarily. Third, the welfare cost 
of cutting total emissions can be reduced by introducing a mini
mum and a maximum price of ETS emission allowances.

 
The present paper extends the analysis in Silbye and Sørensen 
(2017), which was written before the recent agreement on reform 
of the ETS. Like us, Perino and Willner (2017), Beck and KruseAn
dersen (2018), Carlén et al. (2018) and the National Institute of 
Economic Research (2018) evaluate the effects of the reform us
ing simple partial equilibrium simulation models of the ETS. We go 
beyond these studies by taking into account the recent spike in the 
allowance price, which we interpret as a consequence of increased 
investor confidence in the ETS. 

 
The paper is organized as follows: Section 2 sketches the history 
of the ETS and offers a brief evaluation of its performance so far. 
Section 3 sets up a simple partial equilibrium model of the emis
sions trading system, and Section 4 uses the model to evaluate the 
implications of the 2018 ETS reform for the future evolution of the 
allowance supply, actual emissions and the allowance price. In Sec
tion 5 we use the model to estimate the effect on emissions of two 
alternative national measures to reduce emissions from the ETS 
sector: cutting domestic emissions in the ETS sector versus an
nulment (or purchase) of ETS allowances by the domestic govern
ment. Section 6 discusses options for further reform of the system, 
while our main conclusions are summarized in Section 7.
 



66
Nordic Economic  

Policy Review

2. A brief history of the European Union Emissions 
Trading System5

Before considering the consequences of the latest ETS reform, it is 
instructive to highlight the performance of the system so far. This 
section provides a brief history.

2.1  The mechanics of the ETS
The ETS covers about 45 percent of CO2 emissions in the EU. The 
system applies to CO2 emissions and equivalent amounts of nitrous 
oxide and perfluorocarbons from installations in energy-intensive 
industrial sectors.6 By April 30 of each year, registered firms in the 
ETS sector must surrender emission allowances corresponding to 
their emissions in the previous calendar year. Allowances can be 
freely traded across the EU, and a significant share of allowance 
trades is handled by banks and financial institutions using allow
ances as financial assets.

 
Phase I of the ETS was a pilot stage covering the period from 2005 
until the end of 2007. Emission allowances in this phase were dis
tributed freely and could not be banked for use in subsequent phas
es. Phase II coincided with the compliance period 20082012 under 
the Kyoto Protocol. Since the beginning of Phase II, allowances can 
be banked for use in later phases. The system is currently in Phase 
III covering the period 20132020. From the start of Phase III, a sig
nificant and growing share of allowances is being auctioned rather 
than allocated free of charge to emitting companies.

2.2  The emissions cap versus actual emissions
Figure 1 shows the aggregate emissions cap along with the actual 
verified emissions and the cumulative surplus of unused allowanc
es over the period 20082017. In addition to the allowances issued 
by the EU, firms in the ETS sector were allowed to use a total of 
almost 1.5 billion so-called offset units from the Kyoto Protocol's 
 
 

5 This section draws on Gronwald and Hintermann (2015), Ellerman et al. (2016), and 
the Danish Council on Climate Change (2017) who offer more detailed accounts of 
the history of the ETS.
6 Since 2012, emissions from intraEU aviation have been included as well, but this 
sector has a separate emissions cap.
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flexible mechanisms during Phase II.7 This has contributed signif
icantly to the cumulative allowance surplus illustrated in the dia
gram. Another major factor behind the surplus was the fall in en
ergy demand caused by the Great Recession in 200809 and the 
subsequent European sovereign debt crisis. National subsidies to 
renewable energy have likewise contributed to falling demand for 
emission allowances. The cumulative allowance surplus fell slightly 

7 These offsets are certified emission reductions under the Clean Development 
Mechanism and emission reduction units from Joint Implementation in Annex B 
countries.
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Figure 1 Allocations, emissions, and allowance surplus in the EU ETS

Note: Backloading implied that 400 Mt, 300 Mt, and 200 Mt of allowances 
were held back from the market in 2014, 2015, and 2016, respectively. The 
backloaded allowances will be placed in the coming Market Stability Reserve 
(MSR) from 2019. They are included in the allowance surplus shown by the 
dashed line in the figure.
Source: Carbon Tracker Initiative (2018).
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in 2014 and 2015 as some allowances were withheld from the mar
ket through an ad hoc measure labelled as backloading. The current 
allowance surplus roughly corresponds to one year of emissions.

In the current Phase III the total amount of allowances issued under 
the ETS is reduced linearly at an annual rate of 1.74 percent of the 
average emissions cap in Phase II. In Phase IV, which will cover the 
period 20212030, the annual linear reduction of the cap will be 2.2 
percent. In addition, the European Council and the European Par
liament agreed in the spring of 2018 to establish a socalled Market 
Stability Reserve (MSR) from 2019 to gradually absorb part of the 
allowance surplus.8 Section 3 describes the detailed mechanics of 
the MSR which will significantly change the dynamics of the ETS.

2.3  Evolution of the price of allowances
Figure 2 illustrates how the spot price of ETS allowances has 
evolved. The allowance price has been quite volatile. Towards the 
end of Phase I, the price collapsed to zero as it became clear that 
the nonbankable allowances issued during this phase would ex
ceed total accumulated emissions. During the first half year of 
Phase II the allowance price reached its previous peak of around 30 
euros per ton, but then the Great Recession quickly drove the price 
down to around 1015 euros. As the European sovereign debt crisis 
deepened in 2011 and 2012, the price was pushed further down to 
around 56 euros.

 
After rising a bit during 2015, the allowance price came back to  
56 euros in 2016 and hovered around that level throughout the 
first half of 2017. However, beginning in late 2017 and continuing 
during 2018, the price rose sharply and reached a level of around 25 
euros in September. Recently, the price has dropped slightly but it 
still exceeded 20 euros in December 2018. 

In an empirical study based on data for the ETS for the period from 
January 2008 to October 2013, Koch et al. (2014) found that only 
about 10 percent of the variations in the allowance price could be 
explained by changes in fundamentals such as fossil fuel prices,  

8 The decision to establish the MSR from 2019 was actually made already in 2014, but 
the recent agreement between the Council and the Parliament includes an important 
tightening of the rules for the MSR. 
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expected future economic activity, subsidies to renewables, and 
additions to the allowance supply from the Kyoto Protocol's flex
ible mechanisms. The authors suggest that changes in the allow
ance price may have been driven mainly by shifts in market confi
dence in the willingness of policy makers to sustain the ETS. We 
shall return to this possibility below when we discuss the potential 
reasons for the 2018 price surge.

2.4  Has the ETS fulfilled its mission so far?
Critics of the ETS would answer ‘No’. They point out that the aver
age level of the allowance price has so far been much lower than 
expected when the ETS was introduced, so the capandtrade sys
tem has not provided a sufficient incentive to replace fossil fuels by 
carbon-free sources of energy. The insufficient incentive is further 
weakened by the fact that the allowance price has been highly vol
atile, creating great uncertainty about the profitability of develop
ment of and investment in green energy technologies. Against that 
background, critics of the ETS see national taxes on fossil fuel use 
and national subsidies to renewable energy within the ETS sector 
as a reasonable response to the fact that the ETS in itself has not 
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Figure 2 The spot price of ETS allowances (monthly averages)

Note: Last price quote retrieved on December 17, 2018.
Source: Market data from European Energy Exchange AG.
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been able to drive the transition to green energy at the pace need
ed. The critics argue that such national policy measures will in fact 
reduce total European emissions since the ETS cap on total emis
sions is nonbinding due to the large allowance surplus.

 
On the other hand, defenders of the system argue that the ETS is 
working as intended in the basic sense that actual emissions do not 
exceed the emissions cap reflecting the political level of ambition 
regarding emissions reductions. According to the defenders, the 
substantial amount of trade in emission allowances indicates that 
the ETS also fulfills its purpose of reallocating abatement efforts 
towards emitters with the lowest marginal abatement costs, thus 
helping to reduce the total costs of emissions reductions. The de
fenders point out that the existence of an allowance surplus does 
not necessarily indicate that the ETS is inefficient. On the contra
ry, by saving allowances for future use when the emissions cap is 
expected to be tighter, firms are able to smooth their abatement 
costs over time, thus reducing the present value of costs. Finally, 
defenders of the ETS argue that the large allowance surplus and 
the resulting low allowance price is due in large part to the national 
subsidies to renewables which prevent a crosscountry equalization 
of marginal abatement costs and will not succeed in cutting total 
emissions in the long run when the emissions cap becomes binding.

3. A simple partial equilibrium model of the ETS9

To analyze the effects of the 2018 ETS reform and the impact of 
alternative national climate policies we set up a model of the al
lowance market which accounts for the rules governing the supply 
of emission allowances. The model determines time paths for the 
evolution of the allowance price and CO2 emissions from the ETS 
sector, given the time path for the annual issue of new allowanc
es and the impact on allowance supply of the new Market Stabili
ty Reserve (MSR) taking effect from 2019. This section provides a 
 

9 The model is identical to the one in Silbye and Sørensen (2017) except that here 
we explicitly lay out its microfoundations in the Appendix. After having finished the 
development of the model, we became aware of the papers by Perino and Willner 
(2016, 2017) who use a very similar model, but with a different calibration leading to 
different conclusions. We discuss the relationship of our work to theirs in the final 
part of Section 4.
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nontechnical presentation of the model, while the details can be 
found in the Appendix.

3.1  The demand for emission allowances
Emissions and, thus, demand for allowances come from many dif
ferent companies and subsectors within the ETS sector. Instead of 
modelling emissions using a bottomup approach that considers 
each subsector separately, we model one representative firm. As 
explained in the Appendix this approach leads to a linear emissions 
function of the form

        (1) 

where  is the actual emission of CO2 in year t and, thus, the 
amount of surrendered allowances,  is the emission in year t in 
the absence of the ETS,  is the allowance price in year t, and  is 
a parameter that measures the price responsiveness of emissions. 

 
The specification in (1) allows for downward shifts in the emissions 
level even without ETS. This is due to progress in energy efficiency 
and in the relative efficiency of green energy technologies. To ac
count for such factors which tend to reduce emissions at any given 
allowance price, we assume that emissions in the absence of ETS  
( ) fall by a constant z percent per year.

 
By choosing the simple approach of a representative firm and a 
linear emissions function we cannot replicate the finer details of 
actual emissions, e.g., the kink when gas replaces coal on the elec
tricity merit order. However, it allows us to look into the far future 
without having to make dubious guesses about the technologies 
to come.

3.2 The supply of emission allowances
New allowances are issued each year at a declining rate. If the rate 
to be used in the coming Phase IV is extrapolated, the last new 
allowances will be issued in 2057. Some allowances are auctioned 
by the EU member states whereas others are allocated freely; how
ever, this distinction is not relevant to the model as the marginal 
opportunity cost of emitting CO2 is the same whether the emitting 
firm must pay for an allowance or refrain from selling one from its 
own stock of allowances.
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From 2019 the issuance of new allowances will be adjusted by the 
MSR mentioned in Section 2. A fraction of 12 percent of the total 
allowance surplus in the market must be withheld from the yearly 
auctions and transferred to the MSR if the surplus exceeds 833 mil
lion tons of CO2, which is almost half the current surplus.  According 
to the recent agreement on ETS reform, this fraction is raised to 24 
percent until the end of 2023. The rules for the MSR also stipulate 
that allowances amounting to 100 million tons of CO2 (or the entire 
remaining reserve if this is smaller than 100 million tons) must be 
released from the reserve and auctioned whenever the allowance 
surplus falls short of 400 million tons.

 
From 2023 there will be a cap on the amount of allowances that 
can be held in the MSR. Allowances above the cap will be automat
ically and permanently annulled. The cap will equal the amount of 
allowances that was auctioned during the previous year (by reg
ulation, auctioned allowances amount to 57 percent of all issued 
allowances).

 
Taking the workings of the MSR into account, the allowance surplus 
at the end of a given year equals the surplus in the preceding year 
plus the MSRadjusted issuance of new allowances and minus emis
sions. Each year, the European Commission makes an official count 
of the surplus to be used for the calculation of the MSR transfers.

3.3 The equilibrium allowance price
The representative firm of the model will only hold allowances for 
later use if it expects the allowance price to increase at a rate equal 
to or above the firm’s required rate of return. Since any expected 
price increase above the required rate of return will make it very 
attractive to hold allowances, the demand for allowances will raise 
the current allowance price until the expected future increase in 
the price no longer exceeds the required return. In market equilib
rium the actual price increase must thus equal the required rate of 
return, which therefore determines the price path as long as the 
allowance surplus in the market is positive. Note also that the al
lowance price will be positive only if the market expects that the 
surplus will vanish in some future period  so that allowances be
come scarce. 
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For a given choice of  the model finds the initial price that bal
ances total demand and supply up until year . This suggests one 
explanation why the allowance price rose significantly from 2017 to 
2018: The ETS reform that was finally agreed upon in March 2018 
involves a substantial initial transfer of allowances to the MSR and 
introduces the automatic and permanent annulment of allowances 
above the cap, so forwardlooking market agents will expect that 
the allowance surplus will vanish sooner than previously believed, 
generating increased demand today and higher prices.  

 
Ideas for tightening of the MSR rules were discussed in public well 
before the final agreement on the ETS reform, so the reform was 
anticipated to some extent by the market. This helps to explain why 
the price started to go up already in late 2017. But since the final 
reform agreement following several years of hard bargaining re
solved some of the uncertainty regarding the future of the ETS and 
probably increased market confidence in the system, it seems likely 
that holding allowances for future use or sale is now seen as a less 
risky investment. In that case the reform has lowered the risk pre
mium included in the required rate of return, thereby providing an 
additional force that can drive up the allowance price.

3.4  Measuring the effects of national climate policies
In Section 5 we will use our model to analyse the effects on EU-wide 
emissions of two types of national climate policy: An annulment 
of emission allowances undertaken by an EU member state, or a 
policy measure such as a national carbon tax or a national subsidy 
to renewable energy that reduces the demand for ETS emission 
allowances in a member state.

A member state can implement the annulment policy either by 
abstaining from auctioning some of the emission allowances 
that have been allocated to it or by purchasing allowances in the 
market and withdrawing them from circulation. If the current 
supply of allowances were a binding cap on current emissions (i.e. 
if there were no allowance surplus), an annulment of, say, 1 million 
ton of allowances would immediately lead to a corresponding fall 
in emissions. However, in the current market situation with an 
allowance surplus, an annulment of allowances will only reduce 
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emissions to the extent that it drives up the price of allowances. 
In this case we may measure the impact on emissions by the 
Coefficient of Emission Reduction (CER) defined as
 
          
                

(2)

The superscript S in  indicates that we are considering a re
duction in the supply of emissions allowances. The subscript t,H 
means that this reduction is undertaken in year t and that we are 
considering its total effect on the accumulated emissions up until 
some future year H representing the time horizon of policy makers. 
For example, if , an annulment of 1 million tons of 
emission allowances undertaken in 2020 will only reduce the total 
accumulated emissions over the period from 2020 to 2050 by half 
a million tons. Note that (i) if the supply of allowances were fully 
exogenous and (ii) the accumulated emissions exceed the accumu
lated issues of allowances in finite time, then the CER defined in (2) 
would always be 1 if the policy horizon is sufficiently long, i.e. if  
is sufficiently large. In other words, the annulment of an allowance 
would then always reduce the accumulated emissions by a similar 
amount even in the presence of a temporary allowance surplus. 
 
However, from 2019 the allowance supply will in fact become en
dogenous due to the complex mechanics of the MSR described 
above. The cap on the MSR raises the possibility that annulment 
of allowances by individual member states may be partly offset by 
fewer annulments of allowances held in the MSR. In that case the 

 defined in (2) will be smaller than 1 no matter how long the 
time horizon is.10

 
A member state policy such as a subsidy to renewable energy or 
a carbon tax that reduces the demand for emission allowances 
in year  by one unit can be modelled as a unit reduction in the  

10 The CER will also be smaller than 1 if condition (ii) is violated, i.e., if the allowance 
surplus never goes away, say, because rapid technical progress in green energy 
technologies drives the demand for allowances to zero as described in Scenario 2 in 
Silbye and Sørensen (2017).
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exogenous variable  in (1). By analogy to (2), the Coefficient of 
Emission Reduction associated with such a policy is defined as

       

(3)

The Dsuperscript on the lefthand side of (3) indicates that we 
imagine any type of policy that reduces the demand for ETS emis
sion allowances. There is a tight link between the coefficient  
defined in (2) and the coefficient  specified in (3).  The link 
may be explained as follows: According to (1) the demand for allow
ances reacts in a symmetric way to increases and decreases in the 
allowance price, so  does not only measure the accumulated 
fall in emissions caused by a unit cut in the supply of allowances; it 
also measures the accumulated increase in emissions generated by 
a unit increase in allowance supply.  A one ton increase in the supply 
of allowances has the same direct impact on the allowance surplus 
as a fall in the demand for allowances of one ton, so both policies 
will have the same effect on the allowance price. Hence the fall in 
the allowance price induced by a unit fall in allowance demand will 
increase the accumulated emissions by the amount . The net 
effect on accumulated emissions of a policy that initially reduces 
emissions by one ton (thereby reducing the demand for allowances 
by one ton) will therefore be equal to . In other words, we 
have the relationship  , where the number 1 on the 
righthand side of the equation measures the initial fall in emis
sions, while  measures the offsetting subsequent increase in 
emissions caused by the fall in the allowance price.11   

3.5  Timing of emissions
The  can be used by policy makers to evaluate the climate im
pact of various national policy initiatives. However, the  meas
ures accumulated emissions and is indifferent to the timing of those 
emissions within the policy horizon. Yet the prospect of a longlast
ing allowance surplus within the ETS gives reason to believe that 
emission cuts are being postponed for too long from a social per
spective. In that case emission cuts have a lower social value the 
further into the future they are undertaken. The argument runs as 
follows: Cost-minimizing firms will abate emissions up to the point 

11 This result is proved mathematically in Silbye and Sørensen (2017).
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where their marginal abatement cost equals the allowance price. 
Ideally the allowance price should equal the Social Cost of Carbon 
(SCC), defined as the present value of the future damage costs 
caused by the emission of an extra ton of CO2. Many Integrated 
Assessment Models of the interaction between the economy and 
the climate system imply that, under an optimal climate policy, the 
SCC rises over time at a rate equal to the growth rate of GDP (see, 
e.g., Golosov et al. 2014, and Hassler et al. 2016). But when there 
is a surplus of emission allowances, the allowance price will rise at 
a rate equal to the required rate of return which will almost surely 
exceed the rate of economic growth since it is likely to include a 
considerable risk premium. Hence the marginal abatement cost will 
rise at a rate exceeding the growth rate of the SCC, indicating that 
too little abatement is undertaken in the short run and too much is 
postponed until later. To account for this distortion, policy makers 
may want to assign a lower value to emission cuts that occur at a 
later point in time. This can be done by applying a discount rate to 
future emission cuts, as suggested by Silbye and Sørensen (2017). 
Such a procedure is in line with the extensive literature on the so
called Green Paradox of climate policy sparked by the contribution 
by Sinn (2008) which assumes that postponing emissions is socially 
desirable.12

 
As a pragmatic alternative to discounting, one may simply choose 
to ignore emission cuts occurring beyond some chosen policy ho
rizon H. This is the approach adopted here. If instead one applies 
a discount rate to future emission cuts, it will only strengthen our 
conclusion below that national climate policies which reduce the 
demand for emission allowances are generally more effective than 
a policy of annulling allowances at the EU member state level (see 
Silbye and Sørensen 2017). 

 
4. The effects of the 2018 reform of the ETS

We use a calibrated version of our model of the ETS to evaluate 
the effects of the 2018 reform on the likely evolution of the future 
allowance surplus and the future CO2 emissions from the sector. 
The main change in the system is the new Market Stability Reserve 

12 See, e.g., Gerlagh (2011) and van der Ploeg and Withagen (2012).
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taking effect from 2019. The introduction of the MSR from that 
year was agreed upon already in 2015, but without a cap on the 
total allowances held in the reserve. The 2018 agreement on the 
rules for ETS introduced the cap on the MSR and raised the rate 
of transfer of surplus allowances to the MSR from 12 percent to 24 
percent in the period 201923.

 
To highlight the effects of these separate elements of the MSR, we 
will compare two scenarios: one in which the MSR follows the rules 
agreed upon in 2015, and one in which the reserve evolves according 
to the final rules decided in 2018. In both scenarios we assume that, 
starting from the beginning of Phase IV in 2021, the issuance of 
new emission allowances is reduced linearly at an annual rate of 2.2 
percent of the average emissions cap in Phase II (up from the 1.74 
percent annual reduction during Phase III), since this tightening of 
the system has been planned for a long time. Thus our analysis fo
cuses on the effects of the MSR and assumes that the 2.2 percent 
annual reduction of new allowance issues will be maintained until 
the last allowance is issued in 2057.

4.1  Calibrating the model
We first calibrate the model to the market situation in 2017, setting 
the required expected annual return on allowances ( ) equal to 10 
percent corresponding to the assumption made in the simulations 
by Perino and Willner (2016) and Sandbag (2016b). This is rough
ly in line with the study by Neuhoff et al. (2012) who found that 
the marginal investors holding ETS allowances as a speculative in
vestment required expected returns in the order of 1015 percent. 
It should be noted that a large portion of the allowance surplus is 
held by utilities and industry for hedging purposes and presumably 
at much lower required rates of return. In an extended version of 
the model we have allowed for a continuum of required returns, but 
this does not alter results significantly as the required return of the 
marginal investor is fairly stable. Our price sensitivity parameter  
in (1) is set equal to 2.2, implying that a rise in the allowance price of 
one euro causes a drop in emissions amounting to 2.2 million tons 
of CO2.  Again, this accords with the assumption made in Sandbag 
(2016b) which is based on the price response of the market to date 
and studies of marginal abatement cost curves. 
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The parameters  and  are then calibrated so that the model 
reproduces the 1,754 million tons of CO2 emissions and the aver
age allowance price of 5.8 euros per ton of CO2 observed in 2017, 
assuming that the market in 2017 correctly expected the linear 
annual reduction of new allowance issues to be raised to 2.2 per
cent from the start of Phase IV and that it expected the MSR rules 
agreed upon in 2015 to be activated from 2019. The resulting cali
bration is 0.0236 and  Mt. With this calibration based 
on the rules expected to prevail prior to the 2018 reform, the model 
predicts an average annual fall in emissions of 2.6 percent over the 
period 20172030, roughly identical to the average annual reduc
tion of 2.5 percent observed between 2005 and 2017.

4.2 Effect of the 2018 ETS reform
Using this calibration we can illustrate the impact of the new MSR 
rules in the 2018 reform by comparing Figures 3 and 4 below. Fig
ure 3 depicts how emissions and the allowance surplus available 
to the market would have evolved (according to our model) if the 
MSR rules agreed upon in 2015 had been maintained. We see that 
the MSR would have absorbed a large part of the allowance sur
plus that would otherwise emerge. The allowance surplus in Figure 
3 peaks in 2018 and falls steadily in the subsequent years, part
ly because of the gradual fall in the issue of new allowances, and 
partly because of transfer of surplus allowances to the MSR. Still, 
the allowance surplus does not disappear until 2056. Moreover, the 
annual release of 100 Mt of allowances from the reserve when the 
surplus falls below 400 Mt means that annual emissions of 100 Mt 
continue all the way up until 2090, due to an enormous allowance 
reserve accumulated until 2037 when the MSR peaks at around  
5 Gt.
 
Figure 4 shows the predicted evolution of the allowance market 
following the 2018 ETS reform. The model simulation underlying 
Figure 4 accounts for the strong increase in the allowance price ob
served between 2017 and 2018 as shown in Figure 2. Our model 
can explain this price hike if we assume that the ETS reform led to 
a reduction in the required rate of return  from 10 percent to 7.44 
percent. A fall in the required rate of return of this magnitude does 
not seem implausible, since the 2018 reform must have strength
ened investor confidence in the future of the ETS, as discussed in 
Section 3. From Figure 4 we see that the new ETS rules will imply 
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a large transfer of allowances to the MSR in the years after 2019 
followed by a big chunk of automatic annulments in 2023. Accord
ing to our model the MSR will continue to absorb allowances for a 
twentyyear period until 2039, but from 2050 until 2053 the MSR 
will release allowances as the allowance surplus falls below the lev
el of 400 Mt triggering releases. Again, the surplus is predicted to 
disappear around the mid2050s.

 
Due to the new annulment mechanism a significant amount of al
lowances in the MSR will be annulled from 2023 until 2039, which is 
also the year where the allowance surplus becomes so small that 
the MSR uptake stops. Since allowances transferred to the MSR 
are taken from the annual flow of auctioned allowances determin
ing the allowance cap in the reserve, the ending of the MSR uptake 
after 2039 causes a temporary increase in the allowance cap which 
triggers a cessation of annulments until 2043. In that year the pre
vious year’s newly issued auctioned allowances fall to a level that 
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Figure 3 Evolution of emissions and allowance surplus with the MSR rules 
from 2015

Source: Own calculations based on the model described in Section 3.
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reactivates the cap, resulting in a new round of annulments in the 
period 20432049. 

Note that the 2015 MSR rules would not have reduced the total ac
cumulated volume of emissions but would only have shifted some 
emissions further into the future. By contrast, due to the new an
nulment mechanism, the 2018 ETS reform does reduce the accu
mulated emissions from 43,571 Mt to 38,597 Mt, representing an 
11 percent cut. Nevertheless, it is striking that even after the 2018 
reform the allowance surplus is still expected to persist until the 
mid2050s as market participants react to the anticipated greater 
future scarcity of allowances by cutting their current emissions so 
as to save more allowances for future use.

4.3 Comparison with previous quantitative studies of ETS 
reform
In contrast to the picture painted in Figure 3, Perino and Willner 
(2016) predict that the allowance surplus under the 2015 MSR rules 
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Source: Own calculations based on the model described in Section 3.    
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would have disappeared already in 2036, even though they use 
a partial equilibrium simulation model of the ETS very similar to 
ours. The reason for the difference is that they choose a value of 
our parameter  (the price sensitivity of allowance demand) which 
is roughly nine times as high as in our calibration. Moreover, they 
assume that businessasusual emissions are constant over time  
(  in our notation).   If we had used their bvalue, our calibration 
method would also have delivered a zvalue close to zero. However, 
Perino and Willner’s high value combined with their assumption 
that   implies an average annual fall in emissions of less than 
one percent over the period 2017-2030. We find this implausible 
since the observed annual fall in emissions was 2.5 percent from 
2005 to 2017 and since setting  implicitly ignores the rapid 
technical progress in green energy technologies. Perino and Will
ner base their calibration of  on a study by Landis (2015, Table 4), 
but the carbon price sensitivity of emissions in that study is derived 
from simulations with a computable general equilibrium model, so 
the resulting price sensitivity incorporates a host of general equi
librium effects that should not be included in an estimate of the 
parameter  in a single emissions equation like (1). 

 
In a subsequent paper, Perino and Willner (2017) simulate the ef
fects of an MSR annulment mechanism like the one included in the 
2018 ETS reform. Again, they foresee a relatively fast drop in the 
allowance surplus, which implies that the annulment mechanism 
will be activated in a much shorter time span than in our 2018 re
form scenario in Figure 4. Their simulation does not replicate the 
observed sharp increase in the allowance price from 2017 to 2018 
as they maintain a 10 percent required return. However, if we use 
their high value in our model, but allow for adjustment of the 
rate of return in order to replicate the current high allowance price, 
we get a result much closer to the one in Figure 4; that is, the allow
ance surplus disappears as late as 2050 and falls below the critical 
833 Mt limit in 2032 compared to 2022 in Perino and Willner (2017) 
and 2038 in Figure 4. The speed at which the allowance surplus 
declines, especially how fast it drops below the 833 Mt triggering 
a stop to the MSR uptake, is crucial for the effects of the climate 
policies considered in Section 5.

 
In a study undertaken on request from the Swedish government, 
the National Institute of Economic Research (2018) presents sim
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ulations of the effects of the 2018 ETS reform based on two dif
ferent model versions. In the first version, which is presented as the 
base case, emissions are totally insensitive to the allowance price 
and fixed at a high constant rate (emissions only decrease if there 
is a shortage of allowances in the given year). It is not surprising 
that this setup reduces the allowance surplus quite rapidly; it drops 
below 833 Mt in 2024 and reaches zero in 2034. The second model 
version is very similar to the one set up by Perino and Willner and 
by us. The allowance surplus in this version is reduced much more 
slowly and stays above 833 Mt until 2039. Thus, the second version 
produces results that are closer to ours than to those in Perino and 
Willner (2017).

 
To study the effects of the 2018 ETS reform, Beck and Kruse-An
dersen (2018) construct their own partial equilibrium model of the 
allowance market. The demand for emission allowances is derived 
from the behaviour of a representative firm which maximizes the 
present value of its profits given by a profit function which is in
creasing in the level of emissions and in the relative efficiency of 
technologies for renewable energy production. The model allows 
the increase in this relative efficiency to be decreasing over time. 
Calibrating the model to match the ETS market situation in 2017, 
the authors project that the 2018 reform will imply an evolution 
of emissions and of the allowance surplus very similar to the one 
depicted in Figure 4. 

 
The impression left by these studies and by our own analysis is that 
the projected evolution of the future allowance surplus hinges on 
the assumptions regarding technical progress in abatement tech
nologies (as reflected in our parameter ), the required rate of re
turn ( ), and the price sensitivity of emissions ( ). However, cali
bration of at least one of these parameters to replicate today’s 
market situation seems to narrow the range of possible outcomes 
and points in the direction of a longlasting allowance surplus. 

5. Effects of alternative climate national policies

Many EU member states have strived to reduce emissions from 
their ETS sectors through policies that reduce the demand for 
emission allowances such as national subsidies to renewable  
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energy and, in some cases, carbon taxes or energy taxes that do not 
exempt the ETS sector. Under an alternative national policy, fol
lowed until recently by the Swedish government under the name of 
utsläppsbromsen ('the emission brake'), a member state govern
ment may purchase ETS allowances and withdraw them from the 
market with the purpose of tightening the EUwide emissions cap. 
A reduction of the emissions cap may also be achieved if the gov
ernment abstains from auctioning some of the emission allowanc
es allocated to it. In fact, several EU Member States will be allowed 
to meet part of their 2030 greenhouse gas reduction target for the 
nonETS sector by auctioning fewer allowances in the ETS sector. 
Importantly, emission allowances that are cancelled as part of this 
so-called flexibility mechanism for meeting the non-ETS reduction 
target will still be counted as part of the total allowance surplus 
which may trigger an annulment of allowances due to the new cap 
on the MSR. By contrast, a national purchase and subsequent an
nulment of allowances that is not part of the non-ETS flexibility 
mechanism faces the risk that the resulting fall in the allowance 
surplus will cause fewer automatic annulments of allowances in 
the MSR.

 
We will now use our model of the ETS to compare the effects of 
such national climate policies on the EUwide CO2 emissions. A pol
icy such as subsidies to renewables or a carbon tax that reduces the 
demand for allowances can be modelled as a onetime downward 
shift in our parameter  in the emissions function (1). We will re
fer to this type of policy as demand reduction. A national annul
ment policy such as the Swedish utsläppsbroms may be modelled 
as a onetime reduction in newly issued allowances, which triggers 
subsequent endogenous changes in the MSR uptake and release 
of allowances as well as changes in the number of MSR allowanc
es that are automatically annulled. We will refer to this policy as 
annulment. Finally, we may model a national annulment of allow
ances under the specific rules of the non-ETS flexibility mechanism 
as a onetime reduction in newly issued allowances issues without 
affecting the allowance surplus used to calculate net transfers to 
the MSR. We will label this policy FM annulment.

5.1 Effects of national climate policies on CO2 emissions
Table 1 shows how effective the three alternative national climate 
policies are in reducing the accumulated CO2 emissions within the 
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ETS, measured by the Coefficients of Emission Reduction defined 
in (2) and (3). The table highlights the great importance of the new 
annulment mechanism in the MSR. For example, the accumulated 
emissions in 2060 (by this year all allowances in the system have 
been surrendered or annulled) will be reduced by 94 percent of the 
emissions cut achieved through a national policy measure that re
duces the demand for allowances in 2020. In other words, since this 
policy measure will increase the allowance surplus, thus increasing 
the number of allowances transferred to the MSR and thereby 
causing more allowances to be permanently cancelled, only 6 per
cent of the initial cut in emissions will be offset by higher emissions 
elsewhere in the ETS sector.

Figure 5 provides a breakdown of the emission effects from a 1 ton 
reduction in the demand for allowances in 2020. The initial 1 ton 
emission reduction in 2020 falls slowly over time (solid dark blue 
graph) as lower allowance prices raise emissions in the subsequent 
years, reaching a total reduction of 0.94 ton in 2060. This number 
matches the total automatic annulment of allowances by 2060 in 
the MSR (dashed light blue graph). In 2060, the total annulment 
equals the total net uptake to the MSR (solid light blue graph), 
since any allowance that has not left the MSR by 2060 must have 

Policy 
horizon 
(H)

Demand reduction in year t

               

Annulment in year t

               

FM annulment in year t

               

t = 2020 t = 2025 t = 2030 t = 2020 t = 2025 t = 2030 t = 2020 t = 2025 t = 2030

H = 2030 1.00 0.99 1.00 0.00 0.01 0.00 0.09 0.06 0.01

H = 2040 0.99 0.96 0.94 0.01 0.04 0.06 0.25 0.22 0.18

H = 2050 0.97 0.91 0.83 0.03 0.09 0.17 0.59 0.56 0.52

H = 2060 0.94 0.83 0.66 0.06 0.17 0.34 1.11 1.08 1.05

Table 1 Coefficients of Emission Reduction after the 2018 ETS reform

Note: The table considers marginal policy experiments where national climate 
policy reduces demand by 1 ton of CO2 in a single year; alternatively 1 allowance 
is annulled. FM refers to the specific rules if the annulment is used to meet the 
country’s obligation in the nonETS sector. The numbers show the aggregate 
reduction in emissions occurring up until year H. 
Source: Own calculations based on the model described in Section 3.
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been annulled by the MSR cap. The increase in the MSR uptake fol
lows from a larger allowance surplus (dashed dark blue graph). 

Table 1 reveals that the accumulated emissions reduction in 2060 
declines if the demand reduction is undertaken in 2025 or 2030 
rather than in 2020. The reason is that a later policy year leaves 
a shorter period of time for the extra unused allowances to be 
soaked up by the MSR where they will end up being annulled. Re
member that allowances are transferred to the MSR until 2039. 
Therefore, a demand reduction in 2040 will have no lasting effect 
on emissions, i.e. , as the automatic annulment in the 
MSR after 2039 becomes fixed.

 

Figure 5 Change in emission reduction, allowance surplus, net MSR uptake, 
and MSR annulment following a one ton national demand reduction in 2020

Note: The table considers marginal policy experiments where national climate 
policy reduces demand by 1 ton of CO2 in a single year; alternatively 1 allowance 
is annulled. FM refers to the specific rules if the annulment is used to meet the 
country’s obligation in the nonETS sector. The numbers show the aggregate 
reduction in emissions occurring up until year H. 
Source: Own calculations based on the model described in Section 3.
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By contrast to the demand reduction measures, an annulment of 
allowances undertaken by an individual EU member state in 2020 
will only reduce the accumulated emissions in 2060 by 6 percent 
of the initial annulment, since the annulment of allowances under
taken at the member state level will be largely offset by fewer an
nulments of allowances held in the MSR as the initial drop in the 
allowance surplus will cause fewer transfers of allowances to the 
reserve. The reduction in emissions increases if the annulment is 
postponed, since this will leave a shorter time span during which 
the cut in allowance supply at the member state level is counter
acted by fewer annulments of allowances held in the MSR.   

 
Instead of pursuing a general policy of annulment of the type de
scribed above, EU member states can choose (within limits set by 
the EU) to undertake annulment of emission allowances under the 
so-called flexibility mechanism. Such annulments will not reduce 
the recorded allowance surplus that governs the dynamics of the 
MSR, so this policy will in fact succeed in reducing emissions consid
erably in the long run, as shown in the last three columns in Table 
1. Indeed, with CER values for  above 1, emissions are re
duced by more than the initial annulment. The reason is that even 
though the annulment does not affect the recorded allowance sur
plus used to calculate the transfer to the MSR, the actual surplus 
of allowances available to the market is reduced, leading to higher 
allowance prices and lower emissions. This then increases the fic
tional allowance surplus used for the MSR uptake which increases 
the uptake as well as the automatic annulment in the reserve. 

 
Still, we see that for policy horizons up until 2050, annulment under 
the flexibility mechanism is much less effective in cutting emissions 
than a policy that reduces the demand for allowances. Hence, if 
policy makers give high priority to reducing emissions fast, this type 
of allowance annulment is not effective.

 
In summary, if the supply of emissions allowances were a fixed 
number over the planning horizon, reducing this number would be 
an effective way to reduce emissions while reducing the demand 
for allowances would be ineffective. By contrast, if the supply over 
the planning period depends on demand, like after the ETS reform, 
demand-reducing policies are effective while annulment policies by 
individual countries are not.
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Table 1 only addresses the emission effects of the various policy 
measures. A full ranking must also take the cost side into account. 
The strong increase in the allowance price in 2018 has made allow
ance annulment significantly more expensive. At the same time 
prices of renewable energy continue to fall. These observations in
dicate that expansion of renewable energy will typically be a more 
cost-effective way to cut EU-wide emissions than annulling allow
ances. In Silbye and Sørensen (2018) we show how our formulas 
for the CER can be used to estimate the social cost-effectiveness 
of alternative national climate policies, drawing on the economic 
theory of consumer and producer surplus. For example, using the 
results in Table 1 plus Danish data on the cost of off-shore  wind 
energy, we find that expanding the latter type of renewable energy 
involves a much lower social cost per unit of emissions reduction 
than annulment of allowances (including under the flexible mecha
nism) for any policy horizon.

5.2  Sensitivity analysis     
The overall impression from Table 1 is that national subsidies or 
carbon taxes to promote renewable energy are generally more ef
fective in reducing CO2 emissions from the ETS sector than annul
ments of allowances undertaken by individual member states, at 
least when undertaken well before 2040. This subsection considers 
how robust this conclusion is to changes in key parameters.

 
The sensitivity of our results to a stronger response of emissions to 
the allowance price is illustrated in Table 3 where we have set our 
price sensitivity parameter  at a value almost nine times as high as 
in our baseline scenario in Table 1, thereby following the assumption 
in Perino and Willner (2016, 2017).13  We see that even with this sig
nificant parameter change, a policy that reduces the demand for 
allowances is still a far more effective way of reducing emissions 
than annulment of allowances at the national level, unless the an
nulment is undertaken within the flexibility mechanism (which only 
allows annulments within fairly narrow limits) and policy makers 
adopt a rather long time horizon. Note, however, that Table 2 only 
shows results for policy undertaken in 2020. For instance, the long 

13 As mentioned in Section 4, when we raise the value of b, we recalibrate the other 
parameters in the model so that is still reproduces the initial market situation.
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run  for a demand reduction in 2030 changes from 0.66 to 
0.23, which is more substantial. Again, this emphasizes that the 
policy timing matters.

Table 3 shows the effects on the Coefficients of Emission Reduction 
of assuming a significantly lower required rate of return r than in 
our baseline case. The rate of 2.92 percent in the table was derived 
from the same twostep calibration procedure as the one used in 
our baseline: In the first step we assumed  and  and 
calibrated the values of  and  to enable the model to reproduce 
the emissions and the average allowance price observed in 2017 
before the latest reform. In the second step we reduced the value 
of  from 4 to 2.92 percent to enable the model to explain the al
lowance price hike between 2017 and 2018. We see that the low re
quired rate of return and the implied lower rate of allowance price 
increase during the long phase with an allowance surplus makes an 
annulment policy even less effective compared to a policy of de
mand reduction, as the effect of a lower  is more than offset by 
an increase in the calibrated value of . However, if the annulment 
exploits the flexibility mechanism, it becomes more effective than 
the demand reduction in the very long run.

Policy 
horizon 
(H)

Demand 
reduction in 2020

          

Annulment 
in 2020

     

FM annulment  
in 2020

 

b = 2.2 b = 19.8 b = 2.2 b = 19.8 b = 2.2 b = 19.8

H = 2030 1.00 0.97 0.00 0.03 0.09 0.23

H = 2060 0.94 0.86 0.06 0.14 1.11 1.13

Table 2 Coefficients of Emission Reduction after the 2018 ETS reform: 
Sensitivity to the price response of emissions (b) for a policy change in 2020

Note: The table considers marginal policy experiments where national climate 
policy reduces demand by 1 ton of CO2 in 2020; alternatively 1 allowance is 
annulled. FM refers to the specific rules if the annulment is used to meet the 
country’s obligation in the nonETS sector. The numbers show the accumulated 
reduction in emissions occurring up until year H.
Source: Own calculations based on the model described in Section 3.
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The quantitative effects of alternative national climate policies 
reported above are rather similar to those found by Beck and 
Kruse-Andersen (2018) even though they use a different model of 
the ETS. Like us, they estimate that the MSR continues to soak up 
allowances until late in the 2030s in combination with a binding 
MSR cap that makes the annulment mechanism operative. On this 
basis they conclude that a national policy of demand reduction will 
be far more effective in reducing emissions than annulment of al
lowances at the national level (when annulment is not undertaken 
as part of the flexibility mechanism), as long as the national policy 
measures are undertaken during the 2020s. However, if a signif
icant part of the national policy measures are implemented at a 
later point in time, a national annulment policy may become more 
effective than a policy that reduces the demand for allowances.

 
The National Institute of Economic Research (2018) also acknowl
edges that national demandreducing policies may reduce the 
accumulated EUwide CO2 emissions due to the new MSR annul
ment mechanism, but because their base case assumes a much 
faster elimination of the allowance surplus than we do, the NIER 
projects that the surplus drops below 833 Mt in the mid2020s 
whereby the MSR uptake ceases. They therefore argue that, rather 
than undertaking demandreducing policies, it will be more cost 

Policy 
horizon 
(H)

Demand reduction 
in 2020

        

Annulment 
in 2020

 

FM annulment in 
2020

 

r = 2.92% r = 7.44% r = 2.92% r = 7.44% r = 2.92% r = 7.44%

H = 2030 1.00 1.00 0.00 0.00 0.23 0.09

H = 2060 0.99 0.94 0.01 0.06 1.40 1.11

Table 3 Coefficients of Emission Reductions after the 2018 ETS reform: Sensi-
tivity to the required rate of return (r) for a policy change in 2020

Note: The table considers marginal policy experiments where national climate 
policy reduces demand by 1 ton of CO2 in 2020; alternatively 1 allowance is 
annulled. FM refers to the specific rules if the annulment is used to meet the 
country’s obligation in the nonETS sector. The numbers show the accumulated 
reduction in emissions occurring up until year H. 
Source: Own calculations based on the model described in Section 3.
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effective if the Swedish government purchases ETS allowances in 
the market and postpones their cancellation until allowances are 
no longer transferred to the MSR to secure a longrun reduction in 
total allowance supply. We find this idea intriguing, since it would 
seem to imply that a national policy of general annulments could 
be designed to generate the same effects as annulment under the 
flexibility mechanism. However, since the NIER base case does not 
allow for the underlying trend towards lower emissions, we believe 
that they significantly underestimate the time it will take for the 
allowance surplus to vanish. In our baseline scenario the MRS up
take continues until the end of the 2030s, so the revised utsläpps-
broms proposed by the NIER would not have a significant impact 
on emissions until after that time. The NIER proposal is in principle 
identical to purchasing and annulling allowances in the future but 
announcing it today. It is, however, questionable whether a mem
ber state can commit to such a policy in a credible way. The NIER 
proposal might by perceived by the market as more credible since 
money is put on the table right away, but the member state still 
has an ex post incentive to sell its allowances rather than annulling 
them when promised.  

 
To wrap up, the model’s prediction for the year when the allowance 
surplus drops below 833 Mt is of crucial importance for the policy 
implications. If this year arrives significantly earlier than predicted 
by our model, allowance annulment becomes more effective and 
demand reduction less effective. However, our sensitivity analy
sis suggests that our overall conclusions are robust to significant 
changes in key parameters. 

6. Proposal for an efficiency-improving  
ETS reform

While the substantial trade in emission allowances within the ETS 
suggests that the system has helped to reduce the aggregate EU
wide costs of cutting emissions, the system has also been criticized 
for failing to deliver a sufficiently high and stable carbon price. This 
criticism ultimately led to the 2018 ETS reform which will funda
mentally change the mechanics of the ETS, as we have seen above. 
In a recent paper, Gerlagh and Wan (2018) argue that the future 
cancellation of ‘excess’ allowances in the Market Stability Reserve 
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will in fact stabilize allowance prices and bring the ETS close to the 
theoretically optimal way of regulating a stock pollutant like CO2 by 
ensuring an automatic reduction of allowance supply when a large 
allowance surplus signals that current marginal abatement costs 
are low. However, since the cancellation mechanism in the MSR 
only works with a lag, we believe it may fail to deliver the desired 
degree of allowance price stability that will significantly reduce the 
uncertainty regarding the profitability of investment in green ener
gy technologies. 

 
In a recent paper, Karp and Traeger (2017) propose a ‘smart’ cap
andtrade system under which the total cap on CO2 emissions per 
period would be , where Q is the number of emission ‘certifi
cates’ issued by the regulator, and  is the amount of CO2 that 
the holder of a certificate is allowed to emit. This ‘redemption func
tion’  is an increasing function of the price p of the tradable cer
tificates, so emissions are automatically allowed to increase when 
certificate prices are high (signaling high marginal abatement 
costs), and vice versa. Such a system would serve to stabilize the 
price of emitting a ton of CO2 which would be given by  and 
could be calibrated – via the calibration of the redemption function 

  to attain the degree of price stability deemed optimal by pol
icy makers.

 
However, in practice the complicated MSR rules praised by Gerlagh 
and Wan and the sophisticated smart cap advocated by Karp and 
Traeger may not be sufficiently transparent to market participants 
to establish the desired confidence in future carbon prices. Moreo
ver, the prospect of a large and longlasting allowance surplus in
dicated by our analysis (despite the recent ETS reform) suggests 
that the average future allowance price may not be sufficiently 
high to serve as a main driver of the green transition in Europe. 

 
For these reasons we believe that when the next opportunity for a 
reform of the ETS arises, the complex and opaque MSR rules should 
be replaced by a price floor and a price ceiling for ETS allowances.  A 
large strand of literature, starting with the contribution by Roberts 
and Spence (1976), has suggested that a mixed system combining 
tradeable emissions allowances with a minimum and a maximum 
allowance price would be more efficient than a pure emission tax 
scheme or a pure capandtrade scheme. In practice such a mixed 
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system could be implemented through an auctioning procedure 
for emission allowances that includes a minimum price as well as 
a maximum price. If the bidding price of allowances hits the price 
floor, the issue of allowances is reduced to the degree needed to 
sustain the minimum price, and if the bidding price hits the price 
ceiling the allowance issue is expanded to prevent the allowance 
price from exceeding the maximum price. As Roberts and Spence 
showed, such a mixed system is more efficient because it imposes 
a penalty scheme on polluters which approximates the marginal 
damage cost curve better than a pure tax scheme or a pure cap
andtrade system. Over the years numerous authors have advocat
ed variants of the mixed system proposed by Roberts and Spence, 
sometimes including only a price floor or a price ceiling.14 In short, 
the price floor and the price ceiling serve as safety valves that pre
vent the allowance price from drifting too far away from the true 
marginal social cost of pollution, thereby helping to reduce the wel
fare loss from imperfect information about abatement costs.

 
One might fear that an ETS reform involving a floor and ceiling for 
the allowance price may run into other difficulties raised by EU law 
and politics such as those mentioned by Hepburn et al. (2016). It 
would be important that a floor and a ceiling is not seen as a meas
ure ‘primarily of a fiscal nature’, since that would require an unlikely 
unanimous approval in accordance with article 192 §2 of the Lis
bon Treaty. Since the current rules for the ETS already have fiscal  
implications which would not be fundamentally changed by a tran
sition to the mixed system described above, we find it hard to see 
why a transition to such a system with limit prices on auctioned al
lowances should trigger article 192. A second and potentially more 
serious obstacle is that the mixed system would require agreement 
on the minimum and maximum allowance prices by a qualified ma
jority of EU member states.  Perhaps the greater transparency of 
a system with explicit minimum and maximum prices is harder to 
agree on than the setting of the thresholds for the uptake, release, 
and annulment of allowances in the MSR.

 

14 Contributions to this literature include Weitzman (1978), McKibbin and Wilcoxen 
(1997), Pizer (2002), Jacoby and Ellerman (2004), Newell et al. (2005), Murray et al. 
(2009), Burtraw et al. (2010), Fell (2016), and Kollenberg and Taschini (2016) among 
many others. Hepburn (2006) provides a thorough review of the many issues involved 
in designing a mixed system.



93
National Climate Policies and the European 
Emissions Trading System

Another concern is the one voiced by Salant (2016) who points out 
that uncertainty about the future rules for the ETS creates higher 
costs of achieving a given target for emissions reductions. A pro
posal for further reform of the system following years of hard bar
gaining over the MSR rules recently agreed could create renewed 
uncertainty which could reduce the efficiency of the market for al
lowances. However, since the recent ETS reform does not address 
the problem of price instability in the most direct and effective 
way, and since the ETS is likely to operate for several decades to 
come, we expect that the debate on the design of the system will 
continue. In any case, the new rules for the ETS agreed in 2018 do 
not seem sufficiently ambitious in the light of the 2015 Paris Agree
ment which will require all regions in the world to undertake much 
faster emissions reductions than currently planned if the target 
of keeping global warming well below two degrees Celsius is to be 
met. We therefore anticipate that new opportunities for reform of 
the ETS will arise in the future.

 
Finally, one might worry that since fossil fuel prices and ETS allow
ance prices could be negatively correlated, limiting the fluctuations 
of the allowance price could actually increase the volatility of the 
consumer price of energy. However, the study by Koch et al. (2014) 
found no significant relationship between coal prices and the al
lowance price and actually found a positive relationship between 
the price of natural gas and the allowance price, as a higher gas 
price induces a shift to more CO2intensive coalbased energy tech
nologies that drives up the demand for allowances. Moreover, the 
relative profitability of investment in green energy technologies 
rather than investment in fossilbased technologies depends on 
the carbon price and not on the absolute level of energy prices. For 
these reasons we believe that an ETS price floor and ceiling will in 
fact reduce energy price volatility and benefit investors in renewa
ble energy.

7. Conclusions

The analysis in this paper leads to four main conclusions:
 

First, in the absence of further reform the surplus of emission al
lowances within the ETS is likely to persist for several decades. For a 
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long time the system will therefore work differently than a textbook 
capandtrade system with a binding cap.

 
Second, the new Market Stability Reserve taking effect from 2019 
is a fundamental change to the system that will endogenize the to
tal supply of emission allowances. As a consequence, national policy 
measures undertaken in the short to medium term that reduce the 
demand for allowances will permanently reduce total EUwide emis
sions.

 
Third, for an EU member state that wishes to take the lead in cli
mate policy by annulling emission allowances, such a policy is highly 
ineffective if allowances are annulled in the short to medium term.

 
Fourth, when the next occasion for reform of the ETS arises, policy 
makers should turn the system into a mixture of price and quantity 
control by introducing a minimum and a maximum price of emis
sion allowances. This will improve the efficiency of the system and 
make the complex and nontransparent rules for the Market Stability  
Reserve redundant. 
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Appendix

This appendix lays out the mathematical details behind the model 
presented in Section 3.

A.1  Deriving the emissions function
A representative ETS firm wishes to minimize the present value 
of its expenses on emission allowances and abatement of its CO2 
emissions. At the beginning of year one, this present value ( ) is 
given by

 (A1)

where  is the real allowance price,  is the firm’s acquisition of 
emission allowances during the period,  is its total real abate
ment cost,  is the real discount rate,  is the time period, and  
is the firm’s planning horizon. The total abatement cost is assumed 
to increase more than proportionally with the volume of emissions 
abated, so the marginal abatement cost is positive and increasing. 
Assuming a quadratic abatement cost function for simulation pur
poses, we have
 

 
  

(A2)

where  is the actual emission of CO2, and  is the emission in the 
absence of ETS. The amount of emission allowances held by the 
firm in excess of its current emissions is denoted by . This allow
ance surplus evolves as

    (A3)

where  measures the allowance surplus at the end of period . The 
constraint in (A3) that the allowance surplus can be positive but 
cannot be negative reflects the features of the ETS that banking 
of allowances for future use is permitted whereas borrowing of fu
ture allowances to cover current emissions is not. The firm chooses 

 and  so as to minimize the present value of its costs given  
by (A1) subject to the constraints (A2) and (A3), taking the current 
and rationally expected future level of the allowance price as given. 
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Inserting (A2) and the first equality in (A3) into (A1) and multiply
ing by minus one, we can write the Lagrangian for this nonlinear 
programming problem as

 (A4)
 

where the ‘s are the KuhnTucker multipliers associated with the 
inequality constraints. The first-order conditions for maximization 
of (A4) with respect to  and  are

   
 (A5)

 
(A6) 

 
 

In addition, an optimal solution must satisfy the complementary 
slackness conditions
  

 
(A7)

Rearranging (A5), we get

 (A8) 

which is equation (1) in Section 3.

A.2 Evolution of allowance prices
From (A7) we see that  if . It then follows from (A6) that
  

 
(A9)

If , (A5) implies that   in which case we see from (A6) 
that

     (A10)
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A.3 Mechanics of the MSR
Let  be the number of allowances released from the MSR 
in the year considered and let  be the number of allowances 
transferred to the reserve. If the allowance surplus at the end of 
year zero is  and  is the issuance of new allowances, the cumu
lative surplus at the end of year  will be 

              (A11)

A fraction of the allowance surplus must be transferred to the MSR 
if the surplus exceeds 833 million tons of CO2. The transfer is based 
on the surplus recorded (almost) two years earlier,15 and the frac
tion to be transferred is 24 percent until the end of 2023 and 12 per
cent in the subsequent years. With endofyear dating of stocks, 
we thus have

 

(A12)

 
Allowances amounting to 100 million tons of CO2 (or the entire re
maining reserve if this is smaller than 100 million tons) must be 
released from the reserve whenever the allowance surplus record
ed (almost) two years earlier falls short of 400 million tons. If the 
stock of allowances held in the MSR at the end of year  is 
we therefore have
 

                 (A13)

From 2023 there will be a cap (denoted by ) on the amount of 
allowances that can be held in the MSR. Allowances above the cap 
will be permanently annulled. The cap will equal the amount of al

15 More precisely, if the allowance surplus at the end of year t exceeds 833 Mt, the 
transfer of a fraction of the excess amount to the MSR takes place from the start 
of September of year t+1 until the end of August in year t+2, so there is an almost 
twoyear long time lag before the full transfer is completed. For ease of exposition, 
(A12) assumes a full twoyear lag, but our simulation model correctly accounts for 
the actual time lag.
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lowances that was auctioned during the previous year. This amount 
is equal to 57 percent of newly issued allowances in the previous 
year plus any release of allowances from the reserve in the previous 
year (since releases must be auctioned) and minus any transfers of 
allowances to the reserve in the previous year (since these must be 
taken from the flow of new allowances that is auctioned). Hence 
the cap evolves as

 

             

(A14)

The cumulative reserve in the MSR at the end of year  can now be 
written as

      
(A15)

A.4  Equilibrium
The equations (A8) through (A15) specify the model. A price path 

 satisfying these conditions makes up an equilibrium, 
which can be found by an appropriate algorithm. 
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