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Kyoto and Beyond
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Introduction

The Intergovernmental Panel on Climate Change (IPCC) has currently finalized its Fourth Assessment 
Report (AR4). AR4 consists of three working groups and Working Group III assesses options for limiting 
greenhouse gas emissions (GHG) and otherwise mitigating climate change (IPCC, 2007).

Chapter 11 in the report from Working Group III presents issues of mitigation from a cross-sectoral 
perspective, among them the macroeconomic costs. As there is substantial literature on these issues, the 
review necessarily had to be relatively short. Therefore, this paper provides some more information on 
the costs of abating GHG emissions in Europe based on studies assessed in chapter 11. We focus on how 
these costs vary across countries, how they depend on U.S. rejection of the Kyoto Protocol and how they 
vary under different emissions trading schemes. Our review is based on macroeconomic studies (top-
down approaches), and gives costs in the short and medium term, i.e., for the Kyoto period (2008-12) 
and beyond (up to 2030).  �ote that we do not focus on induced technological change, pre-ta�� levels or�ote that we do not focus on induced technological change, pre-ta�� levels or 
double dividend in this survey, but we refer to AR4 for such considerations.AR4 for such considerations.

While the Third Assessment Report (TAR) of the IPCC (IPCC, 2001) also gave cost estimates for Eu-
rope, there have been several developments in mitigation studies since then. Modeling of events such as 
the U.S. and Australian rejection of the Kyoto Protocol are included, and there has also been an evolution 
of models and modeling leading to more refined estimates of mitigation costs. 

Abatement Costs 

An important development since TAR has been additional detailed studies of abatement costs for 
individual countries in Europe within consistent models. Viguier et al. (2003) provides a comparison of 
four model estimates of the costs of meeting Kyoto targets without trading based on the 1998 burden 
sharing agreement. Two of the models, EPPA and GTEM, are CGE models, while the two others, POLES 
and PRIMES, are partial equilibrium models with considerable energy sector detail. In EPPA, the Scan-
dinavian countries and �etherlands have the highest domestic permit prices, ranging from 385US$/tC 
to 217US$/tC. Italy and France have permit prices of about 140US$/tC, while the lowest prices are in 
Germany and the United Kingdom, 119US$/tC and 91US$/tC. The domestic carbon price and costs of 
abatement vary across the models. Viguier et al. (2003) e��plain differences among model results in terms 
of baseline forecasts and estimates of abatement costs. Germany, for e��ample, has lower baseline emis-
sion forecasts in both POLES and PRIMES, but at the same time higher abatement costs. The net effect is 
that domestic carbon prices are estimated to be lowest in Germany in POLES and PRIMES while EPPA 
and GTEM find lower costs in the United Kingdom. Overall, the two general equilibrium models find 
similar EU-wide costs, in between the estimates of POLES and PRIMES.

Viguier et al. (2003) continue to discuss the differential consequences across European countries. They 
find that other measures of cost—welfare and GDP losses—generally follow the pattern of domestic car-
bon prices. The welfare effects of meeting Kyoto are lowest for Germany and highest for �etherlands. 
Terms of trade generally improve for European countries, e��cept for the United Kingdom and Denmark, 
the former owing to its position as a net e��porter of oil and the latter owing to its very low share of fuels 
and energy-intensive goods in its basket of imports. The results presented are for no trade, and, therefore, 
gives some indication on which country may sell or buy permits in a system of tradable permits. 

While the former study did not focus on permit trading, tradable permits and costs of CO2 abatement  
are studied in Böhringer and Löschel (2002). They use a large-scale static CGE model of the world 
economy to analyse the costs of Kyoto in different scenarios. Emission reductions in 2010, compared to a 
baseline scenario, is found to be 16.6 % for the EUR region (EU15+EFTA). 
For the CEA region (Eastern Europe without former Soviet Union) it is -
4.21%. With no emission trading, the welfare change for EUR is -0.18% 
relative to the baseline. The CEA e��periences a significant increase in wel-
fare, of 0.29%, due to improvements in terms of trade. Welfare improves 
when trade in emission rights are introduced between Anne�� B countries; 
for EUR to -0.11%, for CEA to 0.87%. However, welfare in both regions 
goes down if the U.S. does not participate and there is no trade in emission 
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rights. Higher fossil fuel demand in the U.S. due to non-participation has important implications for 
spillovers from international energy markets, leading to a worsening of the terms of trade for energy 
importing countries. In this case - without trade in emissions - the welfare change relative to the baseline 
is -0.22% for EUR and 0.16% for CEA.    

The impact on compliance costs from the U.S. rejection of the Kyoto Protocol is analysed further by 
Manne and Richels (2004). They use the MERGE model, which is an intertemporal general equilibrium 
model of the world economy with endogenous technology diffusion. 2010 is the first commitment pe-
riod, and it is assumed that Anne�� B countries reduce emissions by an additional 10% per decade starting 
in 2020. For the U.S., the constraint in 2020 is assumed to be the same as if it had adopted the Protocol. 
Emission permits are tradable. For Western Europe the percentage GDP loss of the Kyoto Protocol in 
2010 is about 0.4%. Mitigation costs during the first commitment period appear to be slightly lower than 
they would be with U.S. ratification, due to lower permit prices, but not as low as they would be in the 
absence of banking. Banking means that hot air is deferred for later use, which gives a higher permit 
price.

The importance of alternative emissions trading schemes on macroeconomic costs is analyzed in Cap-
ros and Mantzos (2000). Costs for the EU15 are studied using the PRIMES model. The Kyoto Protocol 
target of 8% emissions reduction for the EU15 is implemented in 2010. Each member state has an op-
erational domestic trading scheme and achieves individually its specific target under the Burden Sharing 
Agreement. Three cases considering different sets of sectors engaged in EU-wide emissions trading are 
analyzed; energy suppliers, energy suppliers and energy intensive industries, and all sectors. The study 
also includes a case with full emissions trade between Anne�� B countries and an international permit 
price of €17.7/tCO2. 

In a reference case without EU-wide trading, the total compliance costs for the EU is about €9 billion 
yearly in 2010 (1999 prices), or 0.075% of GDP. In the EU-wide trading cases the price of emission per-
mits is about €33/tCO2 and the compliance costs falls the more sectors included in the trading scheme. 
The lowest cost of about €4.6 billion is found in the Anne�� B trading case. Costs and gains from trading 
for individual member states vary greatly over the scenarios according to the states’ specific targets and 
marginal abatement costs. Belgium, Finland and the �etherlands have the highest marginal abatement 
costs, while France and Germany have the lowest.

Emissions trade in the EU is regulated by the European Emissions Trading Scheme (ETS). Using 
the DART model Klepper and Peterson (2004) finds that savings from introducing the ETS can only 
be achieved if the cap on emissions is distributed between the ETS sectors and the rest of the economy 
in such a way that the different abatement costs are taken into account. This implies a relatively small 
allocation of the total reductions to the ETS sectors. Also, even if the accession countries do not supply 
hot air in the ETS market, they contribute substantially to the cost savings by offering low-cost abate-
ment options. 

The authors study this further in Klepper and Peterson (2006), and e��amine the implications of the 
current �ational Allocation Plan (�AP) under different assumptions about CDM and JI. There are strong 
distortions having the ETS e��ist parallel to other policy measures in the non-ETS sectors. The �APs 
drive a large wedge between the allowance price in the ETS and the implicit ta�� necessary for reaching 
the Kyoto targets in the non-ETS sectors. While the use of CDM and JI drives down the allowance price 
in the ETS by one third and reduces the wedge between implicit ta�� outside the ETS and the allowance 
price, the distortions created by �AP cannot be eliminated. This has implications for welfare costs. Also 
the supplementary condition that requires that the major part of the emission reductions be realized 
domestically, has large implications for the efficiency of the EU climate strategy. Whereas the current 
policies will give a welfare loss of close to 1% in 2012 relative to “business as usual”, an unrestricted 
trading in project credits and allowances would result in an allocation where the Kyoto target can be met 
with hardly any welfare costs.  

Reduction in emissions beyond the Kyoto Protocol is analyzed in Bollen et al. (2004). They assess 
possible macroeconomic consequences of a 30% reduction in GHG emissions for industrialized nations 
in 2020, compared to 1990 levels, using an applied general equilibrium model called WorldScan. It is 
assumed that in 2010 all countries form a global policy coalition. The emission quota allocation is ini-
tially based on 2010 levels, but converges to equal emission levels per capita in 2025. This gives a joint 
emissions-reduction target for the industrialized nations of 30% in 2020. Compared to no climate agree-
ments this gives emission reductions for the industrialized nations of just over 50% from 2020 levels. 
A global unrestricted emission trading system is used to achieve the targets. In the post-Kyoto scenario 
the reduction in national income for EU25 is 0.6% compared to the baseline in 2020. The majority of 
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this loss is due to imports of emission permits with a price of €17/tCO2. The costs of implementing the 
Kyoto Protocol in 2010 are found to be a 0.3% reduction in national income for the EU25. The reason 
that the costs in the two scenarios do not differ more is that in the Kyoto Protocol scenario Russia uses its 
market power as a major supplier of emission rights, while in the post-Kyoto scenario emissions trading 
is assumed to be competitive. The costs of the post-Kyoto scenario depend heavily on the size of the co-
alition. In two alternative scenarios, one without the participation of Africa and Asia, and one with only 
Anne�� I countries, the national income reductions are 1.8% and 3.1%, respectively.

Marginal Abatement Costs and Permit Prices

There have been several studies calibrating a permit price in a European market for tradable permits. 
This price will be the same as the equalised marginal abatement cost for the trading countries if there are 
no restrictions on trade. An early study is IPTS (2000), which calculates the clearing price in the EU mar-
ket in 2010 to be 49 €/tCO2 using the POLES model. Trading reduces the EU abatement costs by 25%, 
or 0.05% of the Union’s 2010 GDP, however, the authors note that this is an underestimation of the gains 
because the non-trading case already assumes that the countries/regions (si�� in the model) already have 
reduction in greenhouse gas emissions in an optimal manner. All countries/regions gain from trading, 
and the main sellers of quotas are Germany and the UK, while the region “Rest of EU �orth” (Austria, 
Belgium, Denmark, Finland, Ireland. Lu��emburg, �etherlands, and Sweden) is the major buyer.

A more recent study using the POLES model is Criqui and Kitous (2003) who analyse the effect of 
the ETS on costs of meeting the Kyoto Protocol for Europe, given that the U.S. stays out of the Proto-
col. Given the Kyoto targets and no emission trading within Europe, marginal abatement costs (MAC) 
vary substantially between countries, from $4 to $253, with the highest MAC in Sweden, Denmark and 
Austria, and with the lowest MAC in Germany, UK, Belgium, Lu��emburg and Finland. With trading, 
the MAC’s equalize and there is an allowance price of 26 €/tCO2, and the total compliance costs are re-
duced by almost 60%. Including JI and CDM credits in the European trading scheme reduces the allow-
ance price. The lower the level of competition for JI and CDM credits from other countries, the greater 
is the volume of credits purchased by the trading European countries and the lower is the price of the 
corresponding allowances. Without any competition from non trading European countries and the other 
Anne�� B countries on the JI and CDM credits market, the allowance price collapses from 26 €/tCO2 to 
less than 5 €/tCO2, and the annual compliance costs are reduced by another 60%. If other participating 
Anne�� B countries carry out JI and CDM projects, the allowance price increases to 10.5 €/tCO2, and the 
compliance costs doubles.

Holtsmark and Mæstad (2002) study permit prices for GHG emissions under three alternative trading 
regimes with a static partial equilibrium model, given a U.S. ratification of the Kyoto Protocol. Particular 
attention is devoted to the EU proposal on how much hot air a country can sell and on how much of the 
abatement a country must conduct domestically. In 2010 the Anne�� B countries meet the Kyoto Proto-
col, implementing national tradable permit systems. With free trade, marginal abatement costs across 
regions are equal to the international permit price of 16US$/tC. With limits to trade, the price rises to 
26US$/tC. For most countries this is the marginal abatement cost, as they are not restricted by the trad-
ing limits. Countries that are restricted on the e��port (import) side will have lower (higher) marginal 
abatement costs. Most Eastern European countries, as well as Greece and Spain, have zero marginal 
abatement costs. When there are no emissions trading, marginal abatement costs differ substantially 
among countries. Countries with zero abatement cost in the limits to trade case also have zero costs with 
no trade. �et importers, such as USA, Canada, Japan and most countries in Western Europe, e��perience 
marginal abatement costs above 26US$/tC, while countries like Germany and France face costs around 
18-19US$/tC.

The effects on the permit market after the U.S. withdrawal from the Kyoto Protocol are followed up 
by Holtsmark (2003), who also studies the role of Russia. Russia is a strategic player as a dominant seller 
of permits. It is also a major supplier of oil and gas, and a high permit price will reduce the demand for 
fossil fuels. Thus Russia faces a dilemma with the respect to its two roles. The analysis applies a static 
partial equilibrium model that emphasizes the links between the fossil fuel market and a market for 
emission permits under the Kyoto Protocol. With a fully competitive permit market, e��cess supply over 
demand drives prices down to zero. Permit prices rise to 9.6€/tC when Former Soviet Union (FSU) acts 
as a cartel in the permit market. By including CDM the supply of permits increases and gives a price 
fall from 9.6 to 3.4€/tC. When the FSU ma��imizes its total profits by taking into consideration the effect 
permit price has on oil and gas prices, permit price drops from 3.4 to 2.3€/tC.
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Conclusions

Even if the actual cost numbers from the policy analysis differ among the studies, due to different 
models and different assumptions, there are still some qualitative lessons to be learned. The costs of 
committing to the Kyoto Protocol may not be very high in Europe. A U.S. rejection of the Kyoto Pro-
tocol may increase the cost of commitment in Europe if there were no emissions trade or other fle��ible 
mechanisms, due to terms of trade effects. The costs will also vary across countries, with France, the 
United Kingdom, and Germany facing lower costs and Scandinavian countries and the �etherlands gen-
erally facing higher costs. However, with international emissions trading, the U.S. rejection may actually 
lower costs for Europe due to a lower permit price. However, the permit price and also the costs will de-
pend on restrictions to trade and the possible e��ercise of market power in the emission permit market. 
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Careers, Energy Education 
and Scholarships Online 
Databases

IAEE is pleased to highlight our online ca-
reers database, with special focus on gradu-

ate positions.  Please visit http://www.iaee.
org/en/students/student_careers.asp for a list-
ing of employment opportunities.

Employers are invited to use this database, 
at no cost, to advertise their graduate, senior 
graduate or seasoned professional positions to 
the IAEE membership and visitors to the IAEE 
website seeking employment assistance.  

The IAEE is also pleased to highlight the 
Energy Economics Education database avail-
able at http://www.iaee.org/en/students/eee.
aspx  Members from academia are kindly in-
vited to list, at no cost, graduate, postgraduate 
and research programs as well as their univer-
sity and research centers in this online data-
base.  For students and interested individuals 
looking to enhance their knowledge within the 
field of energy and economics, this is a valu-
able database to reference.

Further, IAEE has also launched a Schol-
arship Database, open at no cost to different 
grants and scholarship providers in Energy 
Economics and related fields.  This is avail-
able at http://www.iaee.org/en/students/List-
Scholarships.aspx   

We look forward to your participation in 
these new initiatives.


