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PREFACE 
 
Japan and Europe face considerable economic challenges in managing their economies so 
as to meet the carbon constraints resulting from their compliance with the Kyoto Protocol. It is 
imperative that they comply in fashions that minimise the costs of doing so, and which ideally 
will trigger and support innovation; this in turn may provide some competitive advantage in 
emerging carbon reducing technologies. The use of market based instruments is regarded by 
many as the key mechanism for creating a price signal that encourages cost effective 
responses, and at the same time gives firms the flexibility and the incentive to be creative and 
innovate in meeting the challenge. There are two market-based instruments. The first is 
emissions trading, whereby supply of allowances is allocated to emitters, and firms are 
allowed to buy and sell these, on the basis that at year end they have sufficient allowances to 
cover their emissions. The price signal ensuing from the trading tells emitters that reduction 
will ‘release’ allowances which they can sell, and increase in emissions requires expenditure 
to purchase more allowances. The second is a tax or charge on emissions, which gives 
emitters a similar price signal. In addition to these economic instruments, voluntary or 
negotiated agreements have emerged as a complement, whereby firms or groups of firms 
address their environmental performance typically be agreeing to meet some combination of 
emissions target or management processes. These can be combined with the use of market-
based instruments either formally, or in some less direct fashion. The objective of the UCD 
Dublin work is to analytically examine the European experience in these three areas, so as to 
draw insights and lessons which may be useful to those in the Japanese policy process who 
have responsibility for integrating greenhouse gas policy and economic policy such that 
competitiveness and the Kyoto targets are both advanced. 
   
Europe has led the world in the development and implementation of a ‘domestic’ emissions 
trading scheme for greenhouse gas emissions, focused initially on carbon dioxide emitted by 
power generation and heavy industry. This scheme has now been operating for 12 months. 
This experience is of interest to Japan for at least two reasons: emissions trading is a key 
policy instrument for addressing compliance with the Kyoto ceilings, and lessons from the 
European experience will be relevant as Japan considers creating its own domestic scheme; 
secondly, the European model is likely to be an important precedent-setting template as 
others begin to develop their own approaches, and as countries begin to trade with each 
other in the Kyoto period. In particular, understanding the allocation process, and the 
evolution of allowance price is likely to be useful in these regards. 
 
Europe has also led in the development of two policies that have been mobilised to shape 
behaviour in the automobile (passenger car) industry. The first is a basket of fiscal (tax) 
measures that impose charges on the cars themselves at the time of purchase (registration 
tax) and annually (circulation tax) thereafter, and on the fuel used (excise duties). There is 
considerable variety across the ‘old’ 15 Member States of the European Union as regards 
scope, rates, application etc. This diverse European experience provides an interesting and 
useful test bed, which can be used to examine the effectiveness of these instruments in terms 
of influencing performance as regards greenhouse gas emissions. This is of particular interest 
for Japan, because the auto industry is the main source in the growth of emissions, and there 
is policy debate and consideration as regards using a carbon tax to address this challenge. 
Insights from Europe can be helpful in informing this debate. The second experience of note 
is the European automobile manufacturers (ACEA) agreement with the European 
Commission in 1999 to reduce the average CO2 emissions intensity from new cars over 1995-
2008 by 25%, to 140g/km, which was subsequently extended to include manufacturers from 
the US, Korea and Japan. Understanding how this agreement works, its implications, and 
especially potential links to the use of fiscal instruments – the latter can either facilitate or in 
effect hinder meeting the voluntary targets – is important for those in the Japanese policy 
process and for the automobile sector in Japan. As regards voluntary or negotiated 
agreements, Japan is a global leader in the use of international environmental management 
standards such as ISO 14001. These are also becoming the norm in Europe, and the 
interesting question is: does a company which is already in such a scheme have some 
advantage when it is subsequently required to participate in a mandatory emissions trading 
scheme? The European experience on the interface between emissions trading and voluntary 
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schemes provides some interesting and encouraging insights in this regard for both European 
and Japanese policy makers.  
 
The work on these themes continues, so that the presentation in March 06 in Tokyo will 
embody further work. In particular, the analysis directed at understanding the interface the 
causes of the allowances prices in the emissions trading market will be considerably 
advanced. There have been delays in getting access to relevant data for 2005, but his 
problem has now been solved, and this analysis will be available for the March 06 meeting. 
There will also be further work on understanding the impact and effectiveness of fiscal and 
voluntary measures directed at the automobile sector.   
 
In chapter 1, we summarise some key findings, and the issues they raise for Japan. In the 
subsequent three chapters, the detailed analyses underpinning these findings are presented. 
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CHAPTER 1 SOME KEY POINTS AND ISSUES FOR JAPAN 
 
The European Union is a pioneer in the development and implementation of mechanisms to 
integrate environment and economy generally, and climate change in particular. Key 
mechanisms in this regard are emissions trading and fiscal measures, supported by voluntary 
and negotiated agreements. 
 
1.1 The Trading innovation 
 
The European Union Emissions trading Scheme (EU ETS) has involved transferring in the 
order of 6.6 billion European Union allowances (EUA) expressed as tonnes of CO2 free to 
>11,000 installations in power generation and energy intensive heavy industry in the 25 
Member States.  It will operate for 3 years – 2005 – ’07 - on a pilot basis, followed by 5 years 
in full operation.  This transfer has an asset value (@ €20 per tonne) of about €132 billion 
(18480 billion Yen). Volume of trades amounted to ~ €5 billion (700 billion yen) in 2005. A 
futures market emerged once it was clear that the EU ETS was going to come into being, with 
trading underway in early 2004, although the market did not commence officially until January 
2005.  This market provides our ‘trading DNA’ with an opportunity to flower, and provides a 
clear an unambiguous price signal expressing the view that the capacity of our planet to 
absorb greenhouse gasses is a scarce resource. It puts faith in markets as the key to 
progress on climate change. 
 
 Four of the 25 Member States - Germany, UK, Poland and Italy - account for 56 per cent of 
the total EU allocation. Allocation of allowances was highly decentralised, being undertaken 
by each Member State following guidance of the European Commission. It was based on 
historical emissions, typically the average of a couple of recent years.  In broad terms, utilities 
were left short, while other sectors had most of their needs met, and the new member States 
(EU10) are expected to be sellers and the original 15 Member States – ‘EU15’ - to be buyers. 
The costs of trading are low – a couple of Euro cents per tonne – and there is an active and 
growing number of traders, brokers and exchanges. Price initially was very responsive to 
perceptions as regards the supply of allowances coming into the market as a result of the 
national allocation plans (NAP). When they were judged by the market to be very indulgent, 
this triggered selling and prices fell and vice versa. More recently, the relative price of fuels 
seems to have been especially influential; in particular, the sharp rise in the price of natural 
gas relative to coal encouraged utilities to switch to (more carbon intensive) coal, but this 
requires them to buy more allowances and this rise in demand puts upward pressure on CO2 
allowance prices. There has been some ‘pass through’ of the cost of allowances to the price 
of electricity and other outputs in the scheme, but the main competitive effect seems to be 
born by electricity intensive smelters who were not included in the scheme and so did not 
benefit from free allowances, but are carrying the costs of higher electricity prices. 
 
 The EU ETS is likely to continue after 2012, mainly because large assets have been 
transferred to industry for free, and are unlikely to be given up easily, an entire trading culture 
and community which will become increasingly influential has now been formed, and the 
decisions at the COP/MOP in Montreal imply that the global pressure to take cost effective 
action will continue after 2012. A key question that remains is whether EU ETS and the 
associated price signal will engender an ‘innovation dividend’ for Europe. The expectation is 
that innovation should be stimulated and engender investment in new and creative responses, 
but it remains to be seen if the relatively short time horizon – 3 years for the pilot, and 5 years 
for the next commitment period – allows sufficient horizon to encourage such investment and 
give Europe the edge in other areas that it now holds in regard to wind power. 
 
  The next step in our work is analysing the evolution of market price and traded volume to 
establish statistically robust relationships between weekly allowance prices, prices of key 
fuels including in particular coal and gas prices, electricity prices, weather and other variables, 
with a view to better ‘explaining’ allowance prices given that the  ‘noise’ of supply 
expectations via the NAPs has been removed (at least until the allocation process re-
commences for the 2008 – 2012 period). 
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Issues for Japan 
For Japan this experience has many potential lessons: 
 

• It demonstrates that it is possible to create a market quickly that ‘takes off’ with 
relatively little effort. Industry adapts very quickly, and attention moves from the boiler 
room to the board-room as the implications of the price signal become clear. So if 
Japan decided that this route was a useful one to take, there is now a ‘road map’ 
showing how to do it quickly and effectively, which will complement the lessons 
emerging from Japan’s voluntary scheme. 

 
• The main challenge is in allocating allowances, and history (past emissions) is the 

easiest guide to follow. But there is consideration of auctioning some of the 
allowances in the next round –see below. 

 
• The price per tonne – about €20 – will be a key indicator of the price for CDM and JI 

products, and for the country to country trades that will characterise the Kyoto phase, 
as countries buy allowances to meet their targets. This means that Japanese 
business and government interests who must engage with these markets will benefit 
from understanding what drives the allowance price and what the prospects might be 
in this regard, even if Japan itself decides not to go the emissions trading route itself. 

 
• . The ‘winners’ are those who are in the ET scheme, and who have benefited from 

free allowances, while the losers in Europe are electricity intensive sectors that are 
not, i.e. firms most adversely affected are those who are not in the scheme, but have 
to buy in more expensive electricity. If Japan were to launch its own mandatory 
scheme, who is in and who is out has considerable implications for competitiveness. 
Smelters not in the scheme who anticipated this situation and invested themselves in 
electricity production and/or combined heat and power have managed to hedge 
themselves against the competitiveness effect. Some of those who did not do so are 
likely to be in difficulty. 

    
• Consumers in Europe have so far not objected to the price effects, but such 

opposition may yet emerge. The European Commission is encouraging Member 
States to avail of a provision in the Directive that allows them to auction up to 10 per 
cent of their allowances to do so for the 2008-’12 period.  This revenue could then be 
used to counter some of the perverse equity effects. However this is likely to be 
opposed by industry, and this issue would also arise in Japan. 

  
• The free allocation of allowances can be regarded in part as a subsidy for innovation. 

In effect the scheme pays those innovators who can come up with carbon reduction 
technologies to do so. Jeffrey Immelt, General Electric’s (GE) chief executive, argues 
that Europe already has a lead in innovation in some energy technologies: America is 
the leading consumer of energy. However, we are not the technical leader. Europe 
today is the major force for environmental innovation. The EUETS will accentuate this 
advantage. In addition to its lead in technologies, Europe also has now developed a 
lead in the ‘soft’ business of trading and finance, with many exchanges competing 
vigorously, and creating a human capital stock of knowledge in this area that will give 
them a competitive edge as trading becomes global. For Japan the issue is how to 
ensure that it does not become a laggard in these rapidly growing areas.  

 
1.2 Fiscal Instruments and the Negotiated Agreement with the Automobile (passenger 
car) industry 
 
The European Commission has negotiated an agreement with the auto industry, including 
Japanese manufacturers, which obliges manufacturers to develop more fuel-efficient cars in 
order to meet the average CO2 emissions target of 140g/km per car in 2008. This agreement 
applies to the ‘old’ EU15 Member States – it does not include the new Member States that 
joined the Union in May 2004.  
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The last monitoring report of the Negotiated Agreement (NA) shows that new passenger car 
CO2 emissions have been reduced from 186g/km to 164g/km in 2003. While this represents a 
reduction of 11.8%, it demonstrates that there is still a significant amount to be done for the 
passenger car to reach a CO2 emissions target of 140g/km in 2008/9. Furthermore, the 
Commission has stated that it would like a fleet average CO2 emissions target of 120g/km to 
be reached by 2012. 
 
When we met auto industry leaders from Toyota and Honda in 2005, they made the point to 
us that they could produce very carbon efficient and attractive cars, and put them on the 
market, but the extent to which they are purchased by consumers depended to a very 
substantial degree on national governments and the shape of their tax policies. European 
Union countries impose a range of taxes on cars. These include: 
 

- At the time of purchase, a registration tax, and value added tax which is 
based on the before tax sale price of the car 

- An annual circulation tax 
- Excise duties on fuel (diesel and petrol). 

    
 
The average CO2 emissions intensity of the new passenger car fleet is determined by the 
fleet composition, which reflects the types of cars purchased in the market. The passenger 
car fleet is made up of a large number of different car models. In Europe, a key variable is the 
choice of engine as regards fuel type –diesel engines are much more carbon efficient than 
petrol. The key research question is, can these taxes be designed and implemented to 
support the achievement of the negotiated agreement target, by in effect shaping the 
decisions of consumers in this direction? Although there are some minimum tax levels 
mandated at EU level, in effect fiscal measures are determined at a national level and hence 
there are 15 different vehicle and fuel tax regimes across EU15. In a parallel development, 
the EU Commission has proposed to abolish registration taxes – imposed on new car 
purchase - and to replace existing vehicle tax regimes with a circulation tax solely based on 
CO2 emissions. 
 
The CO2 emissions intensity of any particular fleet composition is the result of a number of 
supply-side, demand-side variables and socio-economic factors. This work attempts to model 
these variables over the period 1995-2004, in order to determine the drivers of CO2 emissions 
intensity in the EU. Ordinary least squares (OLS) regressions are used, first to determine the 
relationship between demand and socioeconomic variables with vehicle sales registrations, 
and in a second model to examine the influence of all variables on the passenger car CO2 
emissions intensity across all Member States. Where possible, data for all variables was 
collected for each Member State for each year between 1995-2004. The 15 “old” Member 
States are analysed, since tax information has been collected for these Member States over 
the period and these are the countries included in the negotiated agreement between the 
automobile manufacturers and the EU Commission, as adopted in 1999. 
The results of the regressions are the following: 
Total new car sales: The price of petrol, the level of circulation tax for diesel vehicles, Gross 
National Income (GNI) per capita, the percentage rural population and the population density 
significantly affect the number of vehicles sold. Of these, the price of petrol and the level of 
circulation tax for diesel vehicles are the policy relevant variables, which can be manipulated 
by national governments.  
The ratio of petrol to diesel cars sold: The level of circulation tax and registration tax for both 
petrol and diesel cars, and the population density and percentage rural population are 
significant in the estimation of the ratio of petrol to diesel new cars sold in each country. Here, 
registration tax and circulation tax are policy relevant variables.  
CO2 emissions intensity: The petrol to diesel fuel price ratio, the circulation tax and 
registration tax for petrol and diesel cars, the average price of a petrol car, interest rates, the 
GNI per capita, the average engine size and vehicle mass determine the fleet average CO2 
emissions intensity. Of these variables, the fuel price ratio is observed to have the greatest 
influence. 
CO2 emissions intensity regression including time: A time trend is observed in this regression 
where CO2 emissions intensity decreases over time, which is not accounted for by the other 
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significant variables in this regression - the fuel price ratio between petrol and diesel, the 
percentage rural population, the population density, the average engine power, the GNI per 
capita, circulation tax for diesel cars, registration tax for petrol and diesel cars, and the 
average petrol car price. 
CO2 emissions intensity with dummy variable for NA period: The following variables were 
found to have a significant effect- the dummy for year during of the NA period, the fuel price 
ratio, the average engine size, the average vehicle mass, interest rates, GNI per capita, 
circulation tax for petrol and diesel, registration tax for petrol and diesel, and average petrol 
vehicle price. This indicates that there is a reduction in CO2 emissions intensity between 
2000-2004 not explained by the other variables but could be a result of the NA. 
 
From a policy perspective it does appear that there is a trend of lower CO2 emissions intensity 
over time and this may be attributed to the negotiated agreement and labelling scheme. While 
this occurs over the whole period 1995-2004, there is also observed to be a significant 
difference (-12.85g/km) between the periods 1995-1999 and 2000-2004 in CO2 emissions 
intensity of the fleet. This again implies that the NA has had an effect on CO2 emissions 
intensity. 
 
Issues for Japan 
 
These analyses require further work, but sufficient insight has been gleaned to raise the 
following issues: 
 

• Many of the EU15 countries are – like Japan – facing an ‘overshoot’ on their Kyoto 
obligation, and this will require governments to go out and buy allowances in the 
Kyoto period, funded by the general tax payer. This in turn will start a debate as to 
whether domestic tax systems can be re-configured to reduce the overshoot and the 
ensuing tax burden. This issue is especially germane for the automobile sector, 
because it is the main source of rising greenhouse gas emissions in both Japan and 
Europe, and therefore will be perceived by Ministries of Finance as the main source 
of the tax burden being imposed on the general public. The question will be raised – 
why should the  - typically perceived as relatively rich - owners of ‘gas guzzling’ 
carbon emitters be subsidised by their poorer fellow citizens? This in turn will 
heighten policy attention focused on the tax mix applied to the sector, and its re-
calibration to improve carbon performance. The strategic question for Japan is 
whether this debate will be relevant here, and what is the most productive and useful 
response, both in terms of the Kyoto target and the competitiveness of the auto 
industry and economy.  

   
• Although progress is being made towards meeting the negotiated agreement target of 

an average carbon efficiency of 140gm per kilometre by 2008, it is slow, and 
accelerated progress will be needed to achieve the target. Is this likely to be 
achieved? What are the implications for Japanese industry? 

 
• In the absence of achieving the target via the negotiated agreement, the strategic 

options at EU level are to accept failure and take no action, mandate the standard 
with the force of law, along the lines of the CAFÉ standard in the US, but without the 
exclusions, or to encourage and facilitate Member States – especially the major car 
producers – Germany, France, Italy, UK – to impose taxes and charges that yield a 
consumer mix that meets the standard. Which option is likely to be acted upon, and 
which is likely to be most beneficial to Japanese producers? 

 
• Although we have not yet completed the work, it is clear that it is possible to construct 

a mix of fiscal incentives that would meet both the current target of 140 gm/km, and 
the proposed target of 120 gm per kilometre. The EU requires that information on the 
carbon efficiency of all cars be available to purchasers. While the UK is the only 
member state that so far has followed to its logical conclusion this information policy 
by basing the circulation tax thereon, a re-calibration of car taxes towards a carbon 
base is likely to be more widely adopted as the financial implications of exceeding the 



 11

Kyoto target become clearer to Ministries for Finance – see discussion above.  What 
are the competitive and market share implications of such a policy mix emerging?2   

• There is likely to be an innovation dividend for firms that manage to produce cars that 
meet style, speed and safety requirements while simultaneously meeting carbon 
emission reductions. The Japanese industry seems very well placed to capture this 
dividend, but the competition to do so will be intense.   

 
1.3 Positive Synergies between compliance with voluntary environmental management 
systems (e.g. ISO 14001) and Emissions Trading. 
 
We analysed data on all of the 106 Irish installations (~60 companies) included in the 
European Union Emissions trading scheme (EUETS) to assess whether the participation in 
voluntary schemes, notably ISO 14001, ISO 9001 and in a mandatory regulatory ‘command 
and control’ scheme, namely the Integrated Pollution Prevention and Control (IPPC) scheme, 
enhance the effectiveness of assessment, monitoring and reporting of greenhouse gas 
emissions. These companies must establish independently validated and certified estimates 
of their greenhouse gas emissions for each installation. Applications for Greenhouse Gases 
(GHG) Permits including estimates of CO2 consumption for 2002 and 2003 were submitted, 
and the subsequent verification of these data by site inspectors from the Irish Environmental 
Protection Agency took place during the first months of 2005. 
 
We compared the performance of the companies in the different schemes in terms of these 
key requirements for the creation of an emissions trading scheme. In addition, the procedures 
adopted by these companies are identified to find the most effective procedures for the 
management of greenhouse gas in EUETS.  
  
We used publicly available data on management of greenhouse gases emissions from the 
Application Forms for GHG Permits (IRL ETS 001/2) as well as the status of participation in 
the voluntary schemes ISO 14001, ISO 9001 and in the mandatory regulatory IPPC scheme 
for the 106 Irish installations included in EUETS.  
 
 Our results indicate that: 
 
 Firms certified by ISO 14001 and ISO 9001 estimate their CO2 emissions more accurately 
(the gap between externally verified and self-reported emissions is smaller) than firms who do 
not participate in these voluntary schemes. This result is not surprising given the Plan-Do-
Check-Act methodology for continuous environmental and quality management improvements 
of these schemes and their strict requirements concerning documentation, monitoring, and 
measurement of processes.  
 
At the other extreme, IPPC companies show statistically higher gaps between reported and 
verified CO2 emissions than those companies who do not belong to this regulatory scheme. 
Furthermore, the proportion of IPPC companies who needed to submit a Greenhouse Gas 
Emissions Permit Data Amendment Form after inspection of their 2003 CO2 emissions was 
higher than was the case for non-IPPC installations. 
 
Overall, the data do not show evidence of strategic behaviour by which installations would 
over report their emissions to obtain more permits. On the contrary, firms tend to underreport 
their CO2 emissions and there are not significant differences across schemes. Directive 
2003/87/EC is clear in its requirement of independently validated and certified estimates of 
greenhouse gas emissions for each installation. A strategy of over reporting is only justified in 
the absence of external inspection. 
 
In terms of the specific procedures for the management of greenhouse gases in EUETS, 
companies within any scheme (voluntary of mandatory) tend to have calculation or 
measurement methods in place (procedure M4). Among companies participating in voluntary 

                                                 
2 It is interesting to note how competitive Japanese firms are in the rapidly expanding Irish market, with the top four shares of the market 
in 2005 (% of total market in brackets) being as follows: Toyota (14.13), Ford (11.89), VW (8.53) and Nissan (8.01). 
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schemes, ISO9001 companies tend to have more procedures. However, it is not obvious from 
the data which are the key procedures to effectively manage greenhouse gas emission data.   
 
Issues for Japan 
 

• As the global leader in the use of voluntary approaches to environmental 
management, the results for Japan are very encouraging. It means that if it were to 
introduce an emissions trading scheme, the high level of voluntary compliance means 
that estimation of emissions and engagement with the trading scheme could be quick 
and relatively inexpensive in terms of transactions costs.  

 
• It is interesting that the Irish experience at least indicates that participation in a 

mandatory command and control scheme does not yield any such dividend. For 
Japan, it implies that its emphasis on voluntarism as regards environmental 
management systems is well placed.  

 
• As noted earlier, it is likely that some European firms will capture an ‘innovation 

dividend’, financed in part by the revenue yielded by reducing emissions in the EU 
ETS. Can Japanese firms capture the same dividend as a result of their voluntary 
schemes, or will they lose out in this regard to firms in Europe who are in EU ETS 
and can immediately capture a cash payoff for such innovation? 
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CHAPTER 2 THE EUROPEAN UNION EMISSIONS TRADING SCHEME (EU ETS) - 
EVOLUTION OF THE EUROPEAN ALLOWANCE MARKET IN TERMS OF PRICE AND 
VOLUME DEVELOPMENT 
 
2.1 Introduction 
 
The European Commission has developed a Union wide emissions trading scheme with the 
aim of helping Member States achieve part of their emissions targets under the Burden 
Sharing Agreement in a cost effective and flexible manner. The 1st of January 2005 saw the 
EU ETS officially come into operation. Associated with the development of the EU ETS has 
been the development of the allowance market – the allowance is the official unit of the 
trading scheme. While the trading scheme officially started in January this year, a “futures 
market” for CO2 allowances has been in existence since November 2003. Over the course of 
the last 26 months the price of allowances in this market have evolved significantly, with quite 
sharp oscillations in price over this period. In this chapter we track these price changes, and 
discuss possible reasons for the movements. An unusual feature of this market has been the 
fact that establishment of the total supply of allowances has been largely decentralised to 25 
Member States; with these supply decisions unfolding over time. Perceptions about the 
volume of supply coming to market appear to have been key influences in shaping price 
responses over most of the pre-“January” 05 period, but now (January 06) judgements on 
energy commodity prices – notably oil, power, natural gas and coal – appear to be shaping 
allowance market judgements more and more. There have been no problems with liquidity or 
with price discovery. There are several brokers operating in the market and prices are 
reported daily on the Point Carbon website.3 We start by describing a few relevant features of 
the European Emissions Trading Scheme, then focuses on the National Allocation Plans and 
the overall supply & demand situation. We then address the trends in price of allowances, 
linked to the phenomena that are plausible explanations of the price changes observed. The 
chapter ends with a few overall conclusions.  
 
 
2.2 The European Emissions Trading Scheme 
 
The Directive enabling the European Union Emissions Trading Scheme (EUETS) to come 
into effect was approved in 2003.4 It is a cap and trade scheme.  In the pilot phase (2005-
2007) trading will be confined to carbon dioxide (CO2) emissions from combustion 5 
installations with a rated thermal input in excess of 20 MW (except municipal or hazardous 
waste incinerators), oil refineries, production and processing of ferrous metals, manufacture 
of cement (capacity > 500 tonnes/day), manufacture of lime (capacity > 50 tonnes/day), 
ceramics including brick, glass, and pulp, paper and board (>20 tonnes per day). Member 
States may, with the approval of the Commission and a committee of the Member States, 
lower the thresholds that apply and from 2008 extend emission trading to include other 
sectors and gases.  The units traded are allowances, expressed as tonnes of CO2 per year,  
for a given vintage or year, held by installations. 
 
The allocation of allowances is decentralised, with Member States preparing National 
Allocation Plans (NAPs) for the installations within their jurisdiction. Allowances are free, but 
Member States may auction a maximum of 5 per cent of their total national allocation.6 The 
biggest challenge faced in operationalising the EU ETS scheme has been the development of 
the National Allocation Plans7 (NAPs). Annex III of the emissions trading Directive specifies 
the criteria for the implementation and development of National Allocation Plans. To assist 
Member States in developing their plans and successfully implementing the Annex III criteria 

                                                 
3 See www.PointCarbon.com 
4  Directive 2003/87/EC of the European Parliament and of the Council establishing a scheme for greenhouse gas emission 
allowances trading within the Community and amending Council Directive 96/61/EC.  
5  The scope of “combustion” is the subject of an ongoing dispute between the Commission and some Member States.  The 
Commission has adopted a broad interpretation encompassing all forms of oxidation of fuel.  A more narrow interpretation is adopted 
by UK, Germany and others, which requires the resultant energy to be “exported” to another device.  France is currently adopting the 
most restrictive interpretation requiring that the combustion take place in an “energy industry”. 
6 Only Denmark, Ireland and Lithuania have availed of this facility.  
7  A Member State’s NAP details the total quantity of allowances that it intends on allocating to its covered sectors and the 
methodology on which the allocation will be based.   
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the Commission provided Member States with guidance on this subject.8 In all, Annex III 
contains 11 criteria relating to the National Allocation Plan. These are:  

• consistency with Member State Kyoto commitments,  
• consistency with assessments of actual and projected progress towards fulfilling 

Member State contributions to meeting overall EU targets;  
• consistency with potential to reduce emissions; 
• consistency with other legislation;  
• non-discrimination between sectors or companies;  
• information on the manner in which new entrants will be able to begin participating in 

greenhouse gas emission trading;  
• information on whether early action by participants will be provided for in the initial 

allocation process and if so how this is to be taken into account;  
• the manner in which new clean technology including energy efficient technologies, 

are taken into account;  
• provision for comments to be expressed by the public, and taken account of in the 

plan;  
• a list of installations covered by the Directive, and the allocation to be made to each; 

and 
• The plan may contain information on the manner in which the existence of 

competition from outside the EU will be taken into consideration. 
 
Within three months of receiving a NAP the Commission must decide whether to accept or 
reject the NAP. The Commission has the right to reject a plan in its entirety or certain aspects 
of it. The Commission’s decision was based on whether it felt that a NAP was consistent with 
the Annex III criteria and the guidelines that it established for the implementation of these 
criteria.  
 
2.2.1 The National Allocation Plans 
The NAP process is central to the development of the allowance market because it 
simultaneously creates the potential supply of and demand for allowances in the emissions 
trading market. Table 2.1 shows the overall quantity of allowances that Member States will 
allocate to participating installations within their state for the 2005 – 2007 period. Member 
States are ranked on the basis of their share of the overall allowance budget for the first 
trading period. The allowance allocation that an installation receives will influence the role that 
they are likely to play in the market: 

• sellers of allowances because their allocation is generous, 
• buyers of allowances because their allocation is insufficient, 
• neutral role because their allocation is sufficient. 

 
So who will be the main buyers and sellers of allowances in the market? While only an in-
depth analysis of individual NAPs will reveal exactly who the sellers and buyers of allowances 
in the market will be, it is expected that two groups will broadly fulfil these roles. Eastern 
Europe is expected to be a major source of allowances, as the accession countries which 
joined the EU last May are all well on course to meet their Kyoto targets (as a result of 
economic contraction in the early 1990s which automatically lead to reduced emissions) and 
were therefore able to be generous in allocating allowances to their companies covered by 
the EU ETS. In spite of approximately 75 per cent of the 6.5 billion allowances issued for the 
first phase of the EU ETS going to the power-generating sector, sentiment within this sector is 
that the allocations received are largely insufficient to ‘cover’ their emissions.  As a result, 
installations from this sector are expected to be the major buyers in the market over the 
course of the 2005 – 2007 period. 
 
 
 
 
 

                                                 
8 Communication from the Commission on guidance to assist Member States in the Implementation of the criteria listed in Annex III to 
Directive 2003/87/EC Council establishing a scheme for greenhouse gas emission allowances trading within the Community and 
amending Council Directive 96/61/EC, and on the circumstances under which force majeure is demonstrated.  
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Table 2.1 Member State Ranking According To Their Share of Total Allowance Volume 
Allocated under the NAP Process.9 
Member State Allowance 

Allocation 
Share of Total 
EU Allocation  

No. of 
Installations 

Kyoto Target 

Germany 1,497.0 22.8 % 1,849 -21%* 
United Kingdom 736.0 11.2 % 1,078 -12.5%* 
Poland 717.3 10.9 % 1,166 -6% 
Italy 697.5 10.6 % 1,240 -6.5%* 
Spain 523.3 8.0 % 819 +15%* 
France 469.5 7.1 % 1,172 0%* 
Czech Republic 292.8 4.4 % 435 -8% 
Netherlands 285.9 4.3 % 333 -6%* 
Greece 223.2 3.4 % 141 +25%* 
Belgium 188.8 2.9 % 363 -7.5%* 
Finland 136.5 2.1 % 535 0%* 
Portugal 114.5 1.7 % 239 +27%* 
Denmark 100.5 1.5 % 378 -21%* 
Austria 99.0 1.5 % 205 -13%* 
Hungary 93.8 1.4 % 261 -6% 
Slovak Republic 91.5 1.4 % 209 -8% 
Sweden 68.7 1.1 % 499 +4%* 
Ireland 67.0 1.0 % 143 +13%* 
Estonia 56.85 0.9 % 43 -8% 
Lithuania 36.8 0.6 % 93 -8% 
Slovenia 26.3 0.4 % 98 -8% 
Cyprus 16.98 0.3 % 13 - 
Latvia 13.7 0.2 % 95 -8% 
Luxembourg 10.07 0.2 % 19 -28%* 
Malta 8.83 0.1 % 2 - 
Total 6,572.4 100.0 % 11,428  
* = Member of the EU – 15 prior to the accession of 10 new Member States on the 1st of May 
2004. 
 
 
2.3. Allowance Market Development10 
 
Once it was clear that there would be an EU-wide emissions trading scheme, a futures market 
emerged to allow participants to buy forward. The analysis focuses on the 2005 vintage EUA 
with a forward contract delivery date of December 1st 2005. The analysis of 2005 vintage 
European Union Allowances (EUAs) runs from the 7th of November 2003 until the 1st of 
December 2005, the date on which all 2005 forward contracts in the brokered market (OTC) 
were expected to be delivered. While forward contracts also exist for both 2006 and 2007 
vintage EUAs, with respective delivery dates of the 1st of December 2006 and 2007, we have 
focused solely on the 2005 forward market because nearly all market activity prior to 
December 1st 2005 was for 2005 vintage allowances. Since the first exchange entered the 
market in March exchanges on average have facilitated 21 per cent of monthly market activity. 
In addition there is currently a lack of accessible detailed information on the actual functioning 
of the allowance markets exchanges. In Figure 2.1 the trends in the prices discussed below 
are presented. It is useful to identify fifteen phases to this evolution. 
 
2.3.1 Phase 1: November 7, 2003 – February 19, 2004 
At the start of this price analysis one tonne of CO2 with a 2005 delivery date cost €12. 
Between November 7th 2003 and January 23rd 2004, the allowance price remained pretty 
much range bound between 12 and 13 euros per tonne, with the price peaking at €13.20 per 
                                                 
9 Since the Commission approved the Italian NAP the Government let it be known in November 05 that they intended on reducing the 
allocation budget by an additional 10 million allowances per year over the course of the first trading period. As of January 06 the 
United Kingdom was still waiting to here whether or not the Commission would allow it to allocate an additional 20 million allowances 
to heat and power sector for 2005 – 2007.  
10  I am very grateful to Point Carbon for providing the database for this analysis. See Appendix 1 for the allowance market 
development analysis methodology.  
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tonne on January 23rd 2004 (since trading of 2005 EUAs first began this was the highest price 
achieved to date for one tonne of CO2)11. Following a generally bullish trend in the previous 
few months, prices appeared to stabilise in and around the €13 mark between mid January 
and mid February.  
 
 
2.3.2 Phase 2: February 20 – April 30, 2004 
However, from February 20th to April 30th 2004 the price of an allowance declined sharply to 
an all time low of €6.90. It is important to note that this time period covered the final weeks 
before the EU-15 had to submit their NAPs to the Commission on March 31st and the weeks 
immediately following the submission deadline. During this time, uncertainty surrounding the 
development of NAPs, especially those of the big players such as Germany, Italy and Spain, 
was cited by many market analysts as being one of the primary reasons for the decline in 
price. Mid March witnessed two events that contributed to the continued downward movement 
in price. A row between the Economy and Environment Ministries in Germany over what the 
cap on German industry should be led many to worry that the German cap might be less 
stringent than had previously been expected. A less stringent cap by the Germans would 
reduce scarcity in the market. As the biggest emitter in Europe, the German NAP was seen 
by many as being a major factor in determining the degree of allowance scarcity in the EU 
market. In addition to this, the vote by the European Parliament to adopt a version of the 
Linking Directive, allowing CDM credits to be used in the EU ETS from 2005, further added to 
the conviction that the EU market would not be dramatically short of allowances during its 
pilot phase. Only five NAPs were submitted to the Commission by the March 31st deadline, 
with many traders blaming the continuing uncertainty over the allocation process as their main 
reason for not getting involved in the market12.  
 
The continued fall in price during April was partly explained by the weaker than expected 
NAPs that had been submitted to the Commission13. The Italian NAP, submitted on April 20th, 
was a major disappointment to many market observers. As the third largest emitter in the EU 
scheme Italy’s NAP will have large implications for the initial supply and demand of 
allowances in the market. The Italian allocation process systematically over allocated 
allowances to participating Italian installations. Late April 2004 also saw the adoption of the 
Linking Directive by the European Parliament. In the April 30th edition of Point Carbon’s 
“Carbon Market Europe”14, Stuart Jones, Business Development Manager at Accord Energy - 
the trading arm of UK utility Centrica, believed that “the approval of the Linking Directive, the 
apparent generous allocations by governments around the EU as well as rumours of a softer 
UK stance on emissions reductions” were all responsible for the continuing decrease in the 
allowance price. Supporting Jones’ belief that national allocation plans were partly the reason 
for the declining price, James Blunt, a broker with Spectron, explained, “given how the EU 
allowance market does not really have any specific fundamentals to base pricing on, then a 
key price driver currently has to be market sentiment based on NAPs”. With many NAPs 
being perceived as being generous this will tend to drive price down, as scarcity no longer 
becomes an issue. On the continuing declining price, Peter Vis of the European Commission 
expressed the view that the Commission would be concerned if the price of an allowance was 
to drop below  €5/tonne. Speaking in Carbon Market Europe on April 30th Vis stated “that it 
would be detrimental to the scheme as a whole if the price provides no incentive to change 
behaviour”. This signal from Brussels was seen as having some interesting implications. On 
the one hand many companies would now had an incentive to keep the price above €5 to 
avoid the tightening of their NAPs during the reviewing process, whilst companies facing tight 
NAPs had an incentive to drive price below €5 in order to tighten their competitors NAPs. 
 
 
 
 
 
 

                                                 
11 During the week of January 23rd the UK became the first European Member State to publish a draft of its NAP. 
12 Austria, Denmark, Finland, Germany and Ireland were the 5 countries to submit their NAPs to the Commission on time. 
13 By the end of April Italy, Luxembourg, the Netherlands and Sweden had submitted NAPs to the Commission. 
14 See www.PointCarbon.com  
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Figure 2.1 2005 EUA Price Development15  

EUA Price Development, Nov '03 to Dec ' 05
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2.3.3 Phase 3: May 1 – June 30, 2004 
However, the Commission’s concerns over a continuing falling price were allayed. From the 
end of April the allowance price increased steadily to a price of €10 by mid June16. A number 
of events since the 30th April were given partial responsibility for the turnaround in the 
direction of allowance price. The 6th of May saw the UK submit its revised NAP to the 
Commission. Given that the UK had been the first Member State to publish a draft NAP back 
in late January the publication and submission of its revised version attracted a lot of attention. 
While the revised NAP was not very different from what was being predicted in the weeks 
running up to its submission, i.e. that the UK Government would increase the allowance 
allocation from the level it had set in January, comments by Environment Minister Elliot 
Morley at a press conference after the UK had submitted its NAP had an almost immediate 
impact on the allowance market with the price increasing. Morley claimed that the 
Commission had already told some governments that their NAPs were unacceptable, 
characterising some of the NAPs as being “unrealistic” and branding the Italian one “a 
problem”. Morley’s comments whether sanctioned by Brussels or not, were seen as going a 
long way in restoring belief that NAPs actually might be rejected, and that Member States 
might have to impose tougher emission targets on their companies. Expectation of a ‘robust’ 
allowance price in the EU trading scheme had been waning as one Member State after 
another published generous allocation plans. This changing expectation was evident in the 
dramatic drop in price from mid February to the end of April. However, by the end of May the 
price decline was reversed. Comments from Margot Wallstrom (the then European 
Commissioner for the Environment) expressing the Commission’s disappointment over the 
NAPs already submitted and its intention to commence infringement proceedings against 

                                                 
15 This graph is based on week-on-week market closing price obtained from Point Carbon’s “Carbon Market Europe” 
16 €10 was the closing price on the 18/06/04.  
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those Member States who had become lax over their NAP development and submission was 
seen as a strong signal from the Commission, given that it had earlier committed to not say 
anything about the allocation plans until the evaluation process was over. By early June price 
had increased for a fifth week running.  Some market analysts and commentators found this 
run of increasing price somewhat confounding as there appeared to be no market 
fundamentals driving the price. Prior to this price increase the allocation process was seen as 
the primary price driver in the market but analysts pointed out that price now seemed to be 
unattached to the direction of the allocation process. As a consequence this led to rumours 
that the price hike since early May was primarily explained by speculation that some market 
players by trading up and attempting to manipulate price were trying to throw the Commission 
off the scent of overly generous NAPs. The price hike culminated in the market price closing 
at €10.00 on the 18th of June.  
 
 
2.3.4 Phase 4: July 1 – August 31, 2004 
The biggest event in terms of market development over the summer months was the long 
awaited Commission announcement on its decision as to whether or not to accept or reject a 
batch of eight NAPs. July 7th saw the Commission deliver its verdict. The market was bearish 
for all of that week, both in the run up to the announcement and in its aftermath. Trading 
started at  €8.95 on the Monday, while the last trade done on Thursday went through at €7.85, 
a price decline of €1.10 in the space of four days. The market had already started trading 
downwards a couple of days before the Commission’s announcement, primarily responding to 
rumours that no cuts would be made in the German NAP. The days and hours before the 
announcement saw a very nervous market, with the majority of that weeks trades going 
through before the Commission press conference announcing its verdict. Trading activity was 
very quiet in the hours following the announcement. The price only really started to drop after 
the market received the news that the NAPs went through with no or few questions asked. 
535,000 tonnes were reported traded in the brokered market in July, compared to 577,000 
tonnes in total in the first 6 months of the year17. The value of the traded volume came close 
to €4.5million.   
 
As August is generally associated with the holiday season in the trading world, it was widely 
anticipated that there would be relatively little trading and price activity during the month, at 
least in comparison to the previous months. The market followed this belief for the first half of 
the month, with very little trading activity and price range-bound between €8.65 and €8.75. 
Speaking on the relative inactivity of the market, Paddy Shord of GFI18 commented that 
“much of this relative inactivity could be put down to a lack of any new fundamental news and 
the thinning of trader numbers as the summer holidays take hold”, continuing “it was also the 
case that with [trading] levels having been pretty static recently some traders were wary of 
simply putting on a position for the sake of it and instead were waiting for the market to break 
out ”. The decrease in volume was not seen as significant, and the market was expected to 
continue maturing in September. Supporting this view, Benedikt von Butler at Evolution 
Markets commented that “as companies prepare for emissions trading and traders return from 
summer vacation, it is expected that the market will return to former levels by mid-September 
at the latest”. However, the August trading slump that was predicted by most was not as 
consistent as expected. Mid August saw the market break out with prices trading up to €8.90 
very quickly, a level that was sustained until the end of the month. The price rise was 
attributed to a firm gas price and a declining coal price19. According to one anonymous trader 
“A softening coal price whilst gas is strong helped push the EUA price”. 
 

                                                 
17 See Figure 2.2 – Volume Traded in the EUA Market 
18 GFI is an inter-dealer brokerage 
19 This was the first time that movements in energy prices were reported as contributing to a movement in the price of carbon. The 
rationale for this is the role of interfuel competition. In the manufacturing, energy and power generating sectors a highly developed 
capability exists for short-term switching between natural gas and other fuels. Fuel switching behaviour is driven by competition and 
profits. Companies will often switch from one fuel to another, even only for a few days, to benefit from a sudden shift in relative fuel 
prices. In addition, there is potential for system-wide fuel switching in the power-generating sector, whereby a coal or oil fired plant is 
brought on-line to replace a gas-fired plant. The existence of such fuel-switching capability means that there is a strong link between 
gas demand and prices and the prices of oil products and coal. For a given set of competing fuel prices, gas demand will fall as gas 
prices rise. A falling demand for gas results in an increase in the demand for coal. Since coal is much more carbon intensive than gas, 
as companies and utilities switch to coal to take advantage of the relative price difference their will naturally be an increase in CO2 
emissions. To cover their increased CO2 emissions companies and utilities must enter the allowance market to purchase allowances 
to cover this short position.  
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2.3.5 Phase 5: September 1 – November 25, 2004 
Figure 2.2 shows the total volume traded in the EUA market for each month since July 2004. 
Trading volume rose in the first few days of September, with more than 100,000 tonnes 
traded in the brokered market by the 2nd of September.  After having sustained a price level 
just below €9/tonne for several previous weeks, the market price started moving south in early 
September, where it traded in the range €8.50 - €8.60. However, by late September the price 
once again started to gravitate back towards the €9 level with the market closing at €9 on 
October 1st, a level not reached since the beginning of July and a barrier that the market has 
failed to break since June 18th. September was a significant month in terms of market 
development; not only was it a month of record traded volume, but more importantly 
September witnessed the decision by Russia to ratify the Kyoto Protocol. Russian ratification 
was hugely important to the development of the European market as it created increased 
certainty for companies in the EU ETS. Not only did it guarantee entry into force of the 
Protocol but also more importantly it secured the future of the international carbon market20. 
By the end of September 2004 just over 1.2 million tonnes had been traded in the brokered 
market in that month. To put this in perspective, in January 2004 the total volume of EUAs 
traded in the brokered market was 25,000 tonnes, and by July this figure had risen to a 
monthly brokered volume of 535,000 tonnes. Clips of 10,000 tonnes were traded much more 
frequently during September and by the end of the month the “10,000 clip” had replaced the 
“5,000 clip” as the standard traded clip size.  
 
Figure 2.2 Volume Traded in the Brokered EUA Market21  

Monthly Volume Traded in the Brokered EUA Market, July '04 - Dec '05
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In addition to the decision by Russia to ratify the Protocol, some market commentators 
suggested that September’s increased activity was caused by the news of a possible increase 
in the Czech NAP of some 13 million tonnes and the possibility of France reallocating its 7.3 
million tonne “growth reserve” to existing installations. However, many market analysts 
reckoned that it seemed more accurate to point to the fact that after a long, quiet August 
market players were simply eager to get started again. Added to this was the fact that there 
now appeared to be more companies becoming involved in the market. According to James 
                                                 
20 Within an hour and a half after the news had broke about Russia’s decision to ratify, 100,000 allowances were traded. The price 
moved up 15 cents. However, players were still reluctant to point to this as the major reason for the upward trend in prices. Concerns 
over allocation plans, influx of new players and positions in the power market were also cited by participants 
21 The volumes shown in Figure 2 are based on two sources of data. The volumes shown for June through to November are 
approximations based on volume data obtained from Point Carbon’s weekly Carbon Market Newsletter – www.PointCarbon.com. The 
volumes shown for December through to May are based on daily traded volumes in the forwards market. These volumes are obtained 
on a daily basis from the Market Price section of the Point Carbon website – www.PointCarbon.com.   
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Emanuel of Evolution Markets, “there is a market saying that ‘liquidity creates liquidity’”. He 
said that this was due to market amplification dynamics whereby an increase in activity 
attracts new interest in the market, thereby creating still more activity. 
 
For most of October and November there was relative stability in the market, with prices 
range-bound between €8.75 and €8.85. For four weeks running (Oct. 29th – Nov 19th) the 
market closed at €8.75. The Commission’s announcement of its verdict on another batch 
NAPs on the 20th of October failed to impact on the market. The market was quiet beforehand 
in anticipation of what was to come, but even though the cuts in the allocation plans were 
relatively large, they did not provide a strong enough signal for the market to react. A week 
after the Commission’s verdict, an announcement by the UK government of its intention to 
add a significant quantity of allowances to its NAP had more of an impact on the market than 
the Commission’s decision. Following the announcement allowance price fell from €8.70 to 
€8.55 very quickly. However, the fall proved to be limited, as by close of trade the following 
day the market was back at its closing level of the day preceding the UK announcement, 
signalling that it would take quite some efforts – or news of some size – to move the market. 
The reasons for the almost immediate bounce back were two fold. Firstly, the UK defended its 
new allocation plan on the grounds that its business as usual emissions projections were now 
significantly greater than before and the net result of this revision would be a greater 
reduction in GHG emissions. According to James Emanuel “Although this line was received 
by the market with scepticism, the market remained confident that the Commission, who will 
need to vet the change before it takes effect, would not approve it if it is not confident that the 
UK case is bona fide”. Further evidence to support the belief that it would take quite some 
effort or news to move the market was seen in early November when the EU market 
experienced very little movement in spite of the coal, gas, EU and UK power markets all 
experiencing a very volatile week. Responding to this, Jamie Power at GFI noted, “that whilst 
in the future these markets will affect the EU ETS market more and more it was surprising 
that with people looking for directional pointers that the price of 05 allowances remains 
unchanged”. Even a drop in oil prices in mid-November failed to move the market. 
 
October and November saw similar volume traded in the brokered market, with November’s 
total beating that of October 2004 by only 45,000 tonnes. In October 2,380,000 tonnes were 
traded with this figure rising to 2,425,000 tonnes in November. These traded volumes 
ensured that the sharp upward trend in market liquidity that was seen in September continued 
into the winter.  Traded volume growth was significant in the beginning of October, but slowed 
down somewhat towards the end of the month. Uncertainty over the Commission’s 
assessment of eight additional NAPs, and the consequences of the decisions when it was 
made, the UK decision to increase its allocation and a lack of volatility in the price level were 
all pointed to as reasons why trading activity decreased as the month went on. From mid 
October there was a significant increase in market activity in the volumes of 2006 and 2007 
vintage allowances being traded. 
 
 
2.3.6 Phase 6: November 26 – December 31, 2004 
Late November, early December saw a significant drop in price, the first real price movement 
in two months. Associated with this price movement was a significant increase in volumes 
traded compared to earlier in the month.  A sharp rise in activity was associated with the fall in 
price. While most clips that went through during this volatile period were relatively small, the 
market still saw over one million tonnes traded over the last five days of the month. The 
sudden dip in price came as a bit of a surprise as the price had remained stable at well above 
€8 for 2 months through a couple of seemingly significant decisions by the European 
Commission and the UK Government. Market players pointed to the move in US oil price, 
surges in the gas and power curves and a reallocation of some 600,000 tonnes annually from 
industry to energy in the Flemish allocation plan as the main movers, as this inspired some 
companies to sell aggressively. According to a report in Carbon Market Europe on the 3rd of 
December (2004) late November saw reports of some new companies entering the market, 
although not in significant numbers22. It appeared as if the majority of companies preferred to 
wait until the scheme was officially launched on January 1st, or even until the allowances had 

                                                 
22 See December 3rd edition of Carbon Market Europe – www.PointCarbon.com  
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finally been issued by February 28th before testing the water. Uncertainty over important 
NAPs, most notably the Polish, Italian and Czech plans, as well as the proposed changes to 
the UK NAP, added to people’s unease about entering into the market for the first time. In 
terms of price levels, mid December witnessed an interesting development in the market, with 
players moving away from the 5-cent market for the first time in market history. A number of 
trades in the brokered market went through at €8.57/t, €8.52/t and €8.47/t for the first time. 
December 24th 2004 saw the market for 2005 EUAs close at €8.50. December (1.8 million 
tonnes traded) unlike October and November failed to break the 2 million tonne mark in terms 
of total monthly traded volume. The total amount of allowances reported traded in 2004 was 
9,148,000. 78 per cent of the volume was 2005 EUAs, 9 per cent 2006 EUAs and 13 per cent 
2007 EUAs. Point Carbon registered 779 over-the-counter (OTC) trades throughout the year, 
worth a total of €79.2 million. 
 
 
2.3.7 Phase 7:January 1 – January 31, 2005 
The arrival of 2005 signalled the formal launch of the EU ETS starting Tuesday, the 4th of 
January. TFS23 brokered the first deal of 5,000 tonnes of 2005 allowances at €8.40/tonne. 
While this historical trade was not the biggest, it represented a symbolic moment for the 
European carbon market. Speaking after the historical trade, TFS broker John Molloy said 
that “the first trade of 2005 should be highlighted as much more than simply a symbolic 
pointer as to the official start of the EU ETS which has been actively traded since early 2003 
on a forward basis”, continuing that “it should be considered further proof that the EU ETS 
has a strong position in the global drive to reduce greenhouse gas emissions”. In the first 
three days of market activity 885,000 tonnes were reported traded in the brokered market, 
with the 6th of January seeing 545,000 tonnes traded in the one day, a new market record. 
The volume traded in the first week of January ensured that EU ETS trading broke through 
the 10 million tonne barrier since trading began in March 2003. After the first weeks trading of 
the New Year the market price for 2005 EUAs closed at €7.75, the lowest price level since 
mid July (’04).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
23 TFS is the London based Traditional Financial Services brokerage.  
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Figure 2.3 Weekly Price Development and Associated Traded Volume EUA24  

Weekly EUA Price & Volume Development (Brokered Market) 
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The second week of trading in the New Year saw the market price for 2005 EUAs continue to 
drop. January 13th saw the market close at €6.75/tonne, a whole euro lower than the previous 
week. The second week of trading was the most liquid to date in the scheme’s history, with 
just over 2 million tonnes reported traded. Monday the 10th of January saw over 1 million 
tonnes traded in a single day for the first time25. Market players pointed to falling fuel prices 
and continuing mild weather, causing CO2 production to drop and market sellers to sell 
aggressively as a consequence of this, as the primary reason for the continuing fall in price. 
Speaking to Carbon Market Europe on the 14th of January Benedikt von Butler at Evolution 
commented that “ most traders attribute the drop in prices to the record mild winter weather 
and rain in the Nordic region which filled up the reservoirs which lead to a significant drop in 
power prices. Generators can therefore cheaply buy power and sell allowances out of their 
allocation”. In relation to the recent significant price movements not been driven by political 
news, he noted how “this is a good indicator that the legal and political framework of the EU 
ETS is stabilizing and other parameters [are] stepping to the foreground. Weather as well as 
power and fuel prices will increasingly interact with the daily emissions market, as emissions 
prices are an important parameter for power generators to optimise their production”. 
 
By the end of January a little less than 6.4 million tonnes had been traded in the brokered 
market – some two thirds of the total volume traded in 2004. The high price volatility in the 
first half of the month spurred a lot of extra activity, with the market experiencing its first ever 
one million allowance day in the period when the price crashed from €8.38 to €6.84 within the 
space of 8 days26.  Liquidity was highest in the second week of the month when over two 
million tonnes were traded in the market. It was more than halved the week after – with a lack 
of reasons to trade quoted as the main reason – but bounced back to levels significantly 
higher November and December after that, as the early New Year mild weather gave way to 

                                                 
24 The traded volumes represented in figure 2.3 are for trades covering all three EUA vintages. While it is impossible to obtain 
information on the exact breakdown of weekly traded volume, we have been informed by Point Carbon that the vast majority of trades 
seen in the forward market up until the years end have been for 2005 vintage EUAs.   
25 Since the 10th of January there have been 10 days when in excess of one million tonnes have been traded in the market. To date 
(20th May, ’05) the largest volume traded in a single day was 2.3 million tonnes on the 22nd of March ’05.  
26 January 10th saw one million allowances traded for the first time in the market. The price crash referred to took place between 
January 3rd and 11th  
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colder weather. Two main factors were posited for the high activity in January. With January 
came the symbolic start of the ETS, which in itself was a market driver. In terms of price and 
volume development, the mild weather played a crucial role. The milder than normal weather 
meant that the demand for energy was less than normal which resulted in lower than normal 
CO2 emissions. As a result, players (heat and power generators) started selling allowances to 
the market. In addition, companies with a long position were afraid that the price could down 
as a result of this and wanted to sell before that happened causing the price to drop too 
rapidly. After the early mild spell in January temperatures dropped later on in the month. On 
the whole, January was colder than average in many Member States. However, the price did 
not recover completely, partly because players from the coldest countries, such as Spain, had 
not yet come to the market. The price movements of January demonstrated that while 
fundamentals such as weather and fuel prices are likely to play an increasingly important role 
in the determination and development of European carbon prices in a market which to date 
has been mostly policy driven, they at this stage did not fully explain price movements. 
January was quiet on the political signals front. 
 
  
2.3.8 Phase 8: February 1 – February 28, 2005 
February continued the ETS record setting that took place during January. With just over 7.8 
million allowances traded in February, a new monthly traded volume record was set. 
Throughout the month the market price went on a bull run, as the month opened at €7.15 and 
closed at €9.64. This bull run can be seen in figure 2.3 (Weekly Price Development and 
Associated Traded Volume EUA) for the month of February. Point Carbon’s day-to-day 
volume weighted assessment showed that at the close of trading on each day of the month, 
the market price had ended higher than the previous trading day’s price27. The price increase 
came as a result of several bullish signals. The European Commission rejected the amended 
revised UK NAP, saying that legally it had already approved London’s plan, and that it could 
not change that decision. Had the Commission approved the amended revised NAP an 
additional 20 million allowances allocated to UK participants over the first phase. Following 
the Commission’s decision Point Carbon reported that this helped create a real demand in the 
market, especially among UK power companies28. The rejection of the UK NAP caused a 
change in sentiment, which was further strengthened by rumours that the Commission was 
going to demand larger cuts in the Polish NAP than was previously expected.  After a mild 
start to the year, February saw most of Europe faced with freezing cold temperatures. While 
Estonia, France, Greece, the Netherlands and the Nordic countries saw less power demand 
than usual on an aggregated level for this time of year despite the falling temperatures, all 
other EU Member States witnessed their utilities run their plants harder than usual to meet 
consumer demand. As a result of this, CO2 emissions soared across the continent. Fuel 
prices spiked violently across the board in February as a result of adverse weather conditions. 
As temperatures dipped significantly coal, gas and gasoil prices rose with UK gas prices 
increasing over 10 per cent for front month gas. German power prices were also seen to 
increase significantly as generators struggled to cover the increased demand that was a 
result of the freezing temperatures. The net result of this was that many power generators 
across Europe were forced to emit more CO2 than their allowance allocation permitted them 
to. As a result, demand for EUAs increased as many of these power generators were forced 
to come to the market place to cover their shortfall. The best example of this was seen in the 
case of Spain. The weather in Spain had been bad since the start of the year resulting in 
many power generators finding themselves short. Coal-fired installations used 14 per cent of 
their total 2005 allocation in January alone, and the weather got worse in February. Market 
sources speaking in the February 25th edition of Carbon Market Europe claimed that the last 
week of February saw some Spanish players entering the market and purchasing significant 
allowance volumes in order to cover their position. On the role of weather in influencing EUA 
price development, Atle Christiansen (Head of Analysis at Point Carbon) commented that 
“developments over the last few weeks have clearly shown that weather is a key price 
determinant, with EUA prices climbing on the back of continuing cold spells across Europe. 
That said, there’s also a delay in the response-time, meaning that a couple of cold days won’t 
in itself trigger a bull run”.   
 
                                                 
27 See Appendix 1 
28 See February 18th edition of Carbon Market Europe at www.PointCarbon.com 
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2.3.9 Phase 9:March 1 – March 31, 2005 
The increase in price seen in the market during February continued throughout March. The 
market opened the month in the high €9s with the final volume weighted assessment valuing 
a ’05 EUA at €14.26. While the market ended the month over €4 up on what it opened, the 
market was characterised by a lot of intra-day price volatility with day to day closing prices 
varying by more than €1 on a number of occasions29. It is worth noting that forward contracts 
for delivery in December 2005 traded over a €5.36 range during the course of the month30. In 
March some movement was finally seen in the allocation process. As has been the case thus 
far with political decisions/announcement having an immediate impact on EUA price, the 
Commission’s March 8th announcement was no different. The 8th of March saw the 
Commission gives it decision on the Polish NAP. Poland had proposed to allocate 286 Mt 
annually. However, the Commission decided to reduce this figure to 239.1 Mt a year. The 
impact of this was that Poland had to cut its proposed NAP by 16.4 per cent, similar to several 
other countries in Central and Eastern Europe. On the back of the EC’s decision on the Polish 
NAP prices jumped from €9.70 to €10.30 within half an hour of the announcement. It was the 
first time the EUA 2005 price had broke the €10 mark since March 2004.The market had been 
busy in the run up to the announcement as market players were expectant of a cut in the 
Polish NAP. However, the size of the Polish cut surprised many EU-15 market players to the 
extent that the EUA price went through the roof once the announcement had been made. 
That afternoon, huge volumes were traded in the market place. By market close on March 8th 
almost 1.3 million allowances had been traded that day. When the Commission made its 
announcement the price was €9.70, 24 hours later and trades were being brokered at the 
€11/tonne price. The decision by the Commission to cut the Polish allocation was very 
important for the development of the allowance market. If the cut had not been so significant, 
then the supply of surplus allowances from Poland (together with the potentially growing 
number of allowances from Italy and the UK31) could have been enough to satisfy the CO2 
constraint over the first trading period. As a result, EUA prices would then fall to negligible 
levels, leaving the ETS as an administrative burden providing little incentive to abate. In 
keeping with allocation related announcements, two further pieces of information emerged 
that week. On the same day that the Polish NAP decision was announced, the Commission 
announced that it would make a new formal decision on the UK NAP. In February it appeared 
that the Commission’s rejection of the UK’s revised NAP had finally brought an end to the 
seemingly never-ending UK NAP story. However, having received new data from the UK the 
Commission agreed to actually make a new formal decision on the plan. It also emerged that 
the Commission had asked the Czech Republic to reduce its allocation by 51Mt (a 15.8% 
reduction) over the first from period, from 107.7Mt to 90Mt annually. While the Polish decision 
dominated the allocation news, the Czech situation was also believed to contribute to the 
rising price. 
 

                                                 
29 See Appendix 1 for monthly day-to-day closing prices. 
30 A range of €5.36 refers to price difference between the highest price paid for a ’05 EUA and the lowest price paid for a ‘05 over the 
course of the month   
31 At the end of February the Italian government published a new version of its national allocation plan that included an increase of 
over 40 million allowances from the previous version. Italy, along with Greece is still awaiting the Commission’s decision on its NAP 
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Figure 2.4 Total Monthly Traded Volume, including both brokered & exchange based trades32 

Total Monthly Traded Volume, Jul '04 - Dec '05
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March saw the allowance market continue to develop at brake neck speed. The month 
witnessed the setting of three market volume records33. The week ending March 11th saw the 
highest weekly volume traded record set with 5.9 million allowances traded. On the 22nd of 
March 2.3 million allowances were traded in a single day, making it the most liquid day yet in 
the market. Given that March saw the most liquid day and week it was no surprise to see that 
it was also the most liquid month with just over 15.5 million allowances traded. This figure is 
almost double the previous monthly high when 7.8 million allowances were traded in February. 
While some of the volume growth can be attributed to new players entering the market as it 
naturally evolves, market brokers believe that the majority of the extra traded volume was the 
result of those companies who have been in the market for a long time entering the market to 
do more trades than they had done previously. The price volatility that was witnessed in the 
market has contributed to larger volumes being traded, as is the case in most markets. In 
addition, individual traders have in periods during the month bought or sold large amounts of 
allowances, further contributing to market liquidity. An example of this occurred on March 22nd 
when two clips of 100,000 tonnes were traded. March was the first month in which exchanges 
were used to facilitate trades of EUAs. Two exchanges were in operation during March, 
Scandinavian based Nordpool and the German European Energy Exchange (EEX). Together 
these exchanges facilitated 6 per cent of total traded volume during March (994,000 
allowances).   
 
However, according to analysts at Point Carbon34 the main reason for the volume growth is 
that more companies are now starting to manage their position on a regular basis. During the 
first two months of the year it appeared that weather (notably temperature) and Commission 
NAP announcements significantly impacted market price and volumes. Some market players 
argued that during the past month or so, fuel prices were having a growing influence on EUA 
price development, as oil and gas prices surged. One market trader told Point Carbon 
“throughout March the high oil price caused a high gas price, which in turn [has] led to quite a 
bit of trading in CO2 allowances”. With respect to who is active in the market, he noted, 
“activity is still centred on the UK. British companies typically run their gas plants harder in the 
                                                 
32 The volume graph in figure 2.4 is based on two sets of volume data. Between December 31st 2004 the volume is based on the daily 
traded volume for 2005 EUAs obtained from Point Carbon’s CMI (Carbon Market Indicator). From the 1st of February 2005 on the 
volume is based on Point Carbon’s daily VMI (volume Weighted Assessment). See footnote 1 for the reasoning behind this 
33 As of May 20th these records have not been surpassed.  
34 See April 1st edition of Carbon Market Europe – www.PointCarbon.com  
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summer, but this year coal plants will be run hard due to the high gas price. Focus on coal 
was further strengthened by the cold spell in March. This led to UK companies purchasing a 
healthy amount of allowances”. While record volumes were traded during March, analysts 
pointed out that for some periods during the month the sell side was thin, especially after the 
Commission announced the cuts to the Polish NAP and it emerged that it had asked for a cut 
in the Czech NAP. This news constituted a change of sentiment in the market, as players 
generally concluded that the market in total would actually be fundamentally short. However, 
as prices continued to rise to a level of €13-14, several traders found it more tempting to sell 
clips from time to time. Brokers reported seeing a number of companies that are 
fundamentally long entering the market. 
 
 
2.3.10 Phase 10: April 1 – April 30, 2005 
April saw an end to the month-on-month increase in traded volume that had been present in 
the market since November. While total traded monthly volume was below that for March, it 
was still a very significant month with some 10.6 million allowances traded in the brokered 
market. Market players at the start of the month alluded to the potential start up of registries 
as a possible catalyst for further growth in the carbon market through the commencement of 
spot trading35. However, no additional registries came online during the month while the 
German registry – the EU’s largest registry – continued to experience difficulties36. While 
several spot trades were reported – mainly on the Danish registry – the number of players 
looking to use the spot market remained limited. Point Carbon analysts pointed to a number 
of reasons why volume growth may have tapered off in April. A possible reason for the fall 
back in volume was the decrease in volatility seen in April compared to March. In March 
forward contracts for delivery in 2005 traded over a €5.36 range, while this range fell to €3.22 
during April. Another possible reason suggested for the fall off in volume growth in the 
brokered market was the increase in business seen on the electronic exchanges. Mid April 
saw the launch of the European Climate Exchange (ECX), the third exchange to begin 
operating in the EU ETS, which saw reasonable volumes trade on its futures contract with 
370,000 allowances cleared in only six trading days. However, activity tailed off towards the 
end of the month. By the end of the month 1.57 million allowances had been traded on the 
three existing exchanges. In addition to increasing their activity compared to March, the 
exchanges also managed to increase their share of overall market activity for the month (13 
per cent). There were suggestions amongst traders that the market reached its peak in terms 
of volume for the time being. One market trader explained that it was unrealistic to expect 
“exponential [volume] growth forever”. He added, “everybody is trading now and we have 
seen a pretty decent liquidity for a market that is only four months old”. Another trader pointed 
out that the market was “still missing a number of players and that they will come with the 
launch of spot trading”.  One trader estimated that spot volumes would account for around 
two-thirds of the total volume. However, he did not interpret this to mean further growth in 
market volume, merely that the spot market would partly replace the function of the forward 
market. 
 
The 12th of April saw the European Commission unconditionally approve the Czech NAP. The 
NAP received unconditionally approval after the Czech’s agreed to reduce their NAP by 9.4% 
to 97.6Mt per year. Most market sources perceived this as generous with the majority 
forecasting a reduction of around 5-15%. With the reduction falling at the mid-point of the 
market’s expectations, its announcement had minimal impact with a small sell-off of around 
25 cents seen in the market. The same day also saw the Commission formally reject the UK’s 
amended NAP. With the Commission only left to give its decision on the Italian and Greek 
NAPs, many market traders were starting to see it as increasingly apparent that the market 
was responding to spark and dark spreads, and more widely weather and oil, rather than the 
politics of the NAPs. 
 

                                                 
35 Spot market development was dependent on Member State registries going on-line which would then allow the physical allocation 
of allowances to take place. As only five Member State registries are currently on-line (MAY ’05) spot market trading has been limited 
to a few token trades. It is anticipated that over the course of the next two months the vast majority of Member State registries will go 
on-line. Once this has taken place it is expected that the spot market will develop very quickly 
36 By the beginning of April 5 Member States had their registries online – Denmark, Finland, Germany, the Netherlands and Sweden 
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Table 2.2 April’s Day-on-Day “Volume Weighted Assessment” Price for 2005 Vintage EUA  
Date Price Date  Price 
01/04/2005 €15.38 18/04/2005 €15.98 
04/04/2005 €17.37 19/04/2005 €16.57 
05/04/2005 €16.18 20/04/2005 €17.58 
06/04/2005 €15.28 21/04/2005 €17.15 
07/04/2005 €15.47 22/04/2005 €16.92 
08/04/2005 €14.36 25/04/2005 €17.42 
11/04/2005 €14.46 26/04/2005 €17.15 
12/04/2005 €15.48 27/04/2005 €16.66 
13/04/2005 €15.46 28/04/2005 €16.22 
14/04/2005 €15.93 29/04/2005 €16.17 
15/04/2005 €15.80     
 
While price volatility and trading volumes decreased over the month the value of allowances 
continued to rise on the back of a stronger energy complex37. Soaring oil and gas prices 
pulled the coal to gas differential apart, pushing up power prices for the first four days of the 
month. Naturally this resulted in a rush to cover carbon emissions. Week-on-week close saw 
the market close at €15.93 on the 29th of April, up €1.56 from €14.37 on April 1st. Table 2.2 
shows the development of the value of the ’05 EUA during April according to Point Carbon’s 
“volume weighted assessment” price. While the day-on-day “volume weighted assessment” 
price ended the month at €16.17, €0.79 higher than on the first day of the month, the 
allowance price over the course of the month climbed a lot higher. April 20th saw the “volume 
weighted assessment” price climb to an all time record of €17.58. An oil price of over $53 a 
barrel on the International Petroleum Exchange, which in turn encouraged gas prices to firm, 
was believed to be the catalyst for the price surge in the carbon market as the gas-to-coal 
differential grew wider. 
 
 
2.3.11 Phase 1: May 1 – May 31, 2005 
In terms of volume traded May was a slightly quieter month than April with just over 11.4 
million allowances traded in the market. While market activity was down for the month the 
exchanges managed to continue the increase in their share of market activity, accounting for 
16 per cent of market share, up 3 per cent on the previous month.  By the 20th of May a little 
over 5.2 million allowances had been traded in the market and it seemed doubtful that with 
only 7 trading days left in the month that the market would see anywhere near the volumes 
traded in recent months. Trading during the first week of the month was limited by a bank 
holiday in the UK and a religious holiday across many parts of Europe later in that week. 
However, while activity on the trading front was quiet, the ’05 EUA managed to experience a 
considerable rise in its value. According to Point Carbon’s “volume weighted assessment” the 
value of an ’05 EUA increased by slightly over €1.20, ending the week at €16.58. The rise in 
value was due to rising fuel prices. The second week saw little change from the first in terms 
of volume traded with 1.3 and 1.6 million tonnes respectively in the first two weeks of the 
month. The price remained range bound in the upper €16s for the week before closing out at 
€16.59. Market players put the modest trading activity down to a lack of price volatility 
providing few incentives to trade.  
 
The last two weeks of the month really saw price take off as it traded over a €3.35 range 
(€16.59 - €19.94) before closing the month on €19.60. The market had closed €4.27 up on 
where it had at the start of the month and carbon had come agonisingly close to breaking the 
€20 barrier. A firming oil price along with market sources pointing to new buyers coming into 
the market due to improved credit were given as the reasons behind the bullish trend. In 
addition, a surging gas price which widened the coal-to-gas differential was deemed to add to 
increasing carbon price saw as traders sought to cover the cost of burning additional coal. 
The last seven trading days of the month saw approximately 6.2 million allowances traded, 
thus ensuring that monthly traded activity remained relatively healthy in comparison to 
previous months. 
                                                 
37 See Appendix 2 for April day-to-day closing prices  
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2.3.12 Phase 12: June 1 – July 31, 2005.  
In terms of price development phase 12 was dominated by two events – the continuation of 
the bull run started in May and a subsequent bear run. The northward movement in price 
continued until the 8th of July where the allowance price peaked at an all time high of €29.10 
per tonne of CO2. This price would have been deemed unimaginable seven months previous 
when the price of carbon was trapped in the mid to high€6’s for most of January. This bull run 
marked a significant juncture in the evolution of the European market as on the 16th of June 
the market broke through the €20 barrier for the first time in its brief but eventful history. Price 
had continued to increase on the back of bullish sentiment that was primarily caused by fuel 
trends, as announced US crude oil inventory statistics dragged front month Brent futures up, 
and both UK winter gas and German power prices remained high. Market analysts believed 
that the continued increase in price associated with the bull run was primarily driven by ever 
increasing fuel prices, notably oil, German power and UK gas. However, as fuel prices 
(briefly) stabilised before the end of the bull run carbon prices did not behave similarly and 
continued on their march north showing that price determination sill had some degree of 
independence from fuel prices. The explanation provided from the market for the continued 
increase in price was on account of there being a “genuine lack of sellers in the market” to 
meet the increased demand for allowances stemming from the dry spell in Spain and Portugal. 
On account of reduced hydropower output traditional power generators were forced to 
increase their output compared to normal and as a result came to the market place to cover 
their emissions position. Two significant events occurred during the bull run. The first of these 
on the 20th of June saw the Commission approve the Greek NAP and bring to a close the 
marathon that the allocation process had become. The Commission approved the Greek NAP 
following a commitment by Greece to remove all ex-post adjustments from its plan. The total 
quantity of allowances allocated to the Greek trading sector barely changed from the quantity 
set out in the original plan. According to Carbon Market Daily on the 20th of June the market 
had been expecting the Commission to approve the Greek NAP with said changes and no 
further reduction in the allocation budget and as a result the Commission’s decision had no 
impact on the market. The second event to occur during the run was the July 7th London 
terrorist attacks. The impact of the attacks resulted in the market experiencing a lot of volatility 
during morning trade with carbon trading over a €1.10 range in the brokered market. However, 
the attacks did not directly impact on the carbon market. Analysts believed that the market 
was affected because of its close correlation with the crude oil market at the time. Front 
month Brent lost over $5 in value ($60.70 to $55.55) in response to the attacks on the basis of 
the fear “that the attacks would dampen demand for aviation as passengers shied away from 
air travel”. By that afternoon crude had recovered some of its lost value and the carbon 
market closed at €28.73, still up on the previous days close of €28.63. 
 
After months of steady climbing the EUA price took a serious dive in value in the early part of 
July. The market stayed in the region of the low €29’s for two days before heading on a 
significant journey south that saw almost €10 (€9.37) knocked of allowance value over a ten 
day period culminating in the allowance price closing at €19.63 on the 22nd of July, the first 
time allowance price had been under €20 for in over a month. The drop in value was blamed 
on a combination of profit taking by those in the market with long positions and a series of 
bearish signals including softening German power and UK winter gas prices along with 
rumours that large volumes of allowances had been sold into the market by a Central Eastern 
player. While the volume of allowances sold into the market by a CEEC (Central Eastern 
European Country) player turned out to be vastly exaggerated market traders highlighted that 
the drop in price partially on the basis of such rumours “suggested that EU15 players were 
very nervous about surplus allowances from the CEEC and what they will do to the EUA price 
when coming to the market”. While traders were happy to believe that the fall in price was 
associated with softening fuels prices, some were at a loss to explain the magnitude of the fall 
in value. Speaking in Carbon Market Daily on the 20th of July one trader commented, 
“Directionally I agree with where we (the market) are heading. All the fundamentals point in 
this direction, but to give away this much?”. However, on the back of stronger German power 
prices and rising UK natural gas prices the allowance market recovered some of its lost value 
over the last week of July to close the month at €22.10. Several traders suggested that the 
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strong bear trend seen in the market in mid July might have been exaggerated and that the 
price was naturally corrected over the course of the last week of the month. 
 
Liquidity in the market remained high during this period with two back-to-back monthly traded 
volume records set. June saw just over 23 million allowances traded which was the record 
monthly traded volume at the time surpassing the previous record of approximately 15.5 
million allowances set in March. However June’s total was subsequently beaten in July when 
28.5 million allowances were traded38. What is interesting about the trade that occurred during 
this period is where the trades were facilitated. Over the course of phase 12 two additional 
exchanges (Powernext and EXAA) were launched, bringing the number of exchanges dealing 
with EUAs to five39. Prior to phase 12 use of the exchanges to trade allowances was very 
limited with approximately 4.4 million allowances out of the 34.9 million allowances traded 
over the period the March to May period traded via the exchanges, accounting for only 12 per 
cent of total traded volume40. While allowance volumes increased for both brokers and 
exchanges over this period, the exchanges share of overall traded volume was increasing 
quicker41. In June 6 million allowances were traded via the exchanges accounting for 27 per 
cent of total trades for that month. July saw exchange based trades increase by almost 3 
million allowances with the ratio between brokered deals and exchange based deals almost at 
2:1 (OTC,68% - v – Exchanges,32%)42. 
 
Figure 2.5 Weekly Traded Volume in EU Allowance Market – Brokered Market vs Exchanges 

Weekly Volume Traded in the EUA Market (Brokered [OTC], Exchange), Jan '05 - Dec '05
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2.3.13 Phase 13: August 1 – September 30, 2005 
While phase 13 failed to scale the same dizzy heights that were seen during phase 12 in 
terms of price development, prices during this period managed to maintain and establish 
themselves above the €20 mark. After an initial softening of price during the first four days of 
August, which saw the price dip to €19.95 blamed on the start of the traders holiday season 
that subsequently reduced the buy side in the market, prices moved north over the remainder 

                                                 
38 The exact volume of allowances traded in June and July were 23,136,000 and 28,525,000 allowances respectively. 
39 The three exchanges in operation prior to phase 12 were Nordpool (February), the EEX (March), and the ECX (April). 
40 March to May is the reference period as exchanges were first used to trade allowances in March. 
41 See Appendix 4 for graph of weekly traded volume and average price of ’05 vintage EUAs across the operating exchanges. 
42 The actual number of allowances traded via exchanges in June and July were 6,182,000 and 9,028,000 respectively. 
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of the month and into the beginning of September where they firmed by €4.50 compared to 
August 4th, closing on the 2nd of September at €24.45. In spite of prices firming by €4.50 price 
volatility over the course of the increase was very low with allowances changing hands over 
an average weekly range of €0.67 during this period. The firming price was again put down by 
traders to associated positive movements in the price direction of energy commodities, 
notably oil, UK gas and German power. However, some traders were quick to point out that 
they believed the price of carbon not be to be perfectly correlated with energy commodities. 
These beliefs were based on the carbon market’s lack of reaction to the bullish sentiment 
associated with Hurricane Katrina in the US. As the hurricane threatened to devastate oil 
installations in the US Gulf, Brent oil futures surged in price breaking new levels 
($67.72/barrell). This news from the US was coupled with the news of stabilising coal prices, 
providing a bullish direction for carbon. However these events had a negligible impact on the 
price of carbon leaving some market analysts slightly bewildered. 
 
For the early part of September the market was tightly range bound trading over the range 
€24.45 - €24.10 for the first eight days of the month with the price of energy commodities, 
including a big fall in the price of crude oil, remaining generally noninfluential on the range 
bound carbon price. However, by the middle of the month price the EUA had lost €2.50 in 
value as the price carbon slid south to €21.60. The decrease in price was blamed on an 
increase in market activity as a number of big industrial sellers came to the market place 
along with a delayed market reaction to the previous week’s falling crude oil price. The market 
remained bearish for the most of the month, trapped in the €21.60 - €22.05 range, in spite of 
a widening of the coal-to-gas differential until the last few days of the month when the price 
started gravitating towards the upper regions of €22s. The price of an EUA closed the month 
at €22.75. The rise in price over the last few days of the month came on the back of firming 
fuel prices. In addition, traders pointed to non-fuel fundamental drivers such as the fast 
approaching allowance delivery date of December 1st for the brokered market’s 2005 vintage 
EUA contracts as being partially responsible for the increase in price on account of an 
increase in trade activity. 
 
The fact that August is recognised as the carbon traders’ holiday month which generally 
results in a decrease in the number of market participants was reflected in the volume of 
market activity seen over the course of the month. August failed to continue the significant 
growth in traded volumes that had been seen in the market in the previous two months. 
Volumes decreased from 28.5 million allowances in July to just over 21 million in August. 
While the volume of allowances traded via the exchanges fell during August (9 million – 6.2 
million) it is worth noting that the exchanges share of total traded volume remained relatively 
stable in comparison to July with brokers keeping a firm grip on the market as they facilitated 
approximately 70 per cent of allowances traded. According to a report in the August 19th 
edition of Carbon Market Europe that provided an overview of the global carbon market for 
the first half of 2005 the EU ETS accounted for €1.37 billion or about 84 per cent of all 
financial volumes in the carbon market over this period. In 2004 the EU ETS was estimated 
as being worth €127 million, representing approximately 34 per cent of the financial worth of 
the global carbon market. 
 
After a relatively quiet August the market returned to its record setting ways in September 
with just over 36 million allowances traded during the month. While the exchanges share of 
market activity had been stabilising in or around 30 per cent over the summer months 
September saw the brokered claim back some of its conceded territory by facilitating 81 per 
cent of market activity. While price volatility was deemed as being responsible for large traded 
volumes in previous months this was not the case in September. According to Point Carbon 
the large volume of activity in September was attributable to the fast approaching December 
1st settlement date for all OTC (brokered) 2005 forward contracts. Problems with launching a 
number of Member State registries (mainly eastern European registries) spread concern in 
the market that some players that had sold forward allowances might find it hard to deliver 
such forward contracts because they may not have been issued with their allocation by the 
December 1st delivery date43. Concerns tended to focus on the launch dates of both the 
Czech and Polish registries as installations in these countries were believed by many in the 
                                                 
43 While ETS participants were aware of their annual allowance allocation once their respective Member State’s NAP was approved 
by the Commission, they could not receive physical delivery of their allocation until their national registry became operational.  
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market to have long positions and at least a dozen companies from these countries had 
engaged in forward selling. The solution to this problem was that any seller company in a 
Member State with no functioning registry would be expected to solve its short term allowance 
issue problem by opening an account in another Member State’s registry and buying what 
allowances it needed in the market in order to honour any forward contracts it had entered 
into. This had the effect of generally increasing demand for 2005 allowances and creating a 
scramble for carbon as traders sought to cover the positions of some participants who had 
sold allowances for delivery in December. 
 
Table 2.3 Member State Registry Status as of September 2005 
Operational Registries Non-operational Registries 
Austria Ireland Cyprus Lithuania 
Belgium The Netherlands Czech Republic Luxembourg 
Denmark Spain Estonia Malta 
Finland Sweden Greece Poland 
France United Kingdom Hungary Portugal 
Germany  Italy Slovakia 
  Latvia Slovenia 
 
 
2.3.14 Phase 14: October 1 – November 30, 2005 
The steady increase in price seen towards the back end of September continued into early 
October where this bull run peaked at €23.95 on the 5th of October. As had become common 
place rise in price was associated with positive movements in the energy markets, notably oil, 
German power and UK gas. Concerns over December 1st contract deliveries continued to 
contribute to price formation. On the back of this bull run a number of traded volume records 
were set that remained unsurpassed for the rest of the year. The week ending 7th of October 
saw the largest weekly volume ever traded in the market with 9.9 million allowances changing 
hands. The 6th of October also saw the largest single days trade in the brokered market with 
just under 2.5 million allowances traded. Price during the rest of the period was characterised 
by relative stability as price remained trapped within a 43 cent range, (€23.05 - €23.48), into 
the middle of the month when price went on a bear run into the beginning of November. On 
the 13th of October the Czech registry was launched which managed to sooth some of the 
nerves in the market about possible December 1st delivery problems. While this 
announcement calmed market nerves it had no immediate impact on market activity thus 
showing how far the market had come from the early days when such policy announcements 
were felt almost instantaneously in the market place. Market analysts were at a loss to explain 
what fundamentals were behind the initial slide in price as carbon appeared to be 
disconnected from the price of the usual energy commodities. Carbon dropped in price 
irrespective of the way in which coal, gas and power moved. Even a softening oil price on the 
back of the release of US oil data failed to provide a bullish signal for the market. By the end 
of the October the market was blaming mild weather and lower crude for the continued bear 
run. In spite of 34.5 million allowances being traded over the course of the month a number of 
traders were heard complaining about there being a lack of liquidity in the market blaming this 
on a lack of interest on the buy side in the market. 
 
November witnessed the most volatile month in the market since July when price had gone 
on a significant bull and bear run. During November allowances traded over an approximate 
€3.5 (€3.43) range as prices climbed down from a high of €23.08 in the middle of the month to 
close out at €19.65. 37.8 million allowances were traded in November with the brokers 
maintaining their 80 per cent share established in the previous two months. The allowance 
market was an interesting place in November as normal fundamentals of energy prices were 
forced to take a back seat for the latter half of the month. Traders once again pointed to 
surging German power prices and increasing UK December gas prices as being responsible 
for the increase in price over the course of the first two weeks of the November. However, by 
the month’s end uncertainty as opposed to fuel fundamentals as price catalysts was being 
cited as the main reason for the volatility. Traders believed that in the latter half of November 
the price of carbon became decoupled from fuel fundamentals. This belief was based on the 
fact that as European gas prices spiked, which in theory should have made it more attractive 
to buy allowances to burn coal instead of gas, the price of carbon went into retreat.  
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The uncertainty that was instead blamed for the volatility emanated from two sources.  
November 23rd saw the European Court of First Instance issue a press release stating that it 
“had ruled the European Commission’s decision declaring the UK’s request to increase the 
total quantity of CO2 emissions allowance to be inadmissible”. Following the Commission’s 
initial approval of the UK NAP that set out its intention to allocate some 736 million 
allowances during the first period, the UK submitted a revised NAP to the Commission that 
sought approval for the allocation of an additional 20 million allowances on account of 
adjusted emissions projections The Commission refused to rule on the UK’s amended NAP 
which resulted in them taking a case to the European Court of First Instance. However, the 
Court’s decision obliged the European Commission to consider the amendments to the UK 
NAP. While the potential allocation of additional 20 million allowances is relatively insignificant 
in terms of the overall allowance budget across the EU and ramifications for supply and 
demand, it was the implications of this decision that was worrying for the market place as 
traders had hoped that the days of political decisions driving price were long gone. On trader 
was quoted as saying “we want to trade on fundamentals not court decisions”. In addition to 
causing uncertainty over the UK NAP, the Court’s ruling had implications for other Member 
State’s that had yet to finalise their national allocation decisions.  The ruling stated, “Until the 
national government had adopted a final allocation plan, every member state was in its full 
right to propose amendments to the Commission”. At the time of the Court’s ruling four 
member states – Hungary, Italy, Poland, Slovakia - had yet to approve their plans nationally. 
At the time both Poland and Slovakia were at loggerheads with the Commission over its 
decision not to take a second look at their plans and so the Court’s decision was a positive 
from their point of view. With this process expected to drag on into the New Year it was not 
what the market was looking for. The market wanted the Commission to sort out this issue as 
quick as possible so that some form of regulatory certainty could be restored to the market 
and its participants. On the back of the Court’s announcement the price of carbon dropped by 
nearly €2s in the space of half an hour. Not even a bullish signal from Italy on the 25th of 
November that saw the Government reduce its allocation by 10 million allowances a year 
could support the price drop44. In addition, concerns over how successful and efficient the 
December delivery process would be added to the uncertainty that had crept into the market 
on the back of the latest UK NAP development. One trader speaking in the November 28th 
edition of Carbon Market Daily noted “any fundamental arguments at this point are pointless 
as we [the market] are being driven by delivery concerns. We are going to have to get through 
December before we return to trading on fundamentals”.  
  
 
2.3.15 Phase 15: December 1 – December 31, 2005 
The 1st of December was yet another first for the EU ETS as it was the delivery date for all 
brokered 2005 forward contracts. In spite of mounting fears in October and November about 
possible problems over companies not being able to deliver allowances according to 
contracts they were locked into on account of registry issues, the actual process of delivery 
was deemed by the market to have been very smooth with 70 per cent of allowances due for 
delivery being transferred between accounts with no major problems. The December 1st 
delivery date brings to a close our analysis of the 2005 EUA forward contract as the arrival of 
this date represented “the passing away of the 2005 OTC contract”. While the brokered 
market no longer had to deal with 2005 EUA contracts trading in 2005 EUAs still took place 
on both the brokered spot and exchange markets. With respect to the brokered forward 
market interest and activity in 2006 contracts with December ’06 delivery dates was noted as 
increasing substantially once the December delivery date had passed. While ’05 vintage 
allowances had dominated the market since the forward market was established ’06 vintage 
had slowly started to increase its share of activity over the course of late October and 
November. With the 05 contract now dead, 06 contracts are expected to dominate the 
brokered forward market during 2006 in much the same way as the 05 contract dominated 
2005. According to the brokered spot market the price of a 2005 vintage EUA closed the year 
out at €21.10. In comparison to recent months December was a relatively quiet month in 
terms of trading activity as traded volumes dropped by over 10.5 million tonnes in comparison 
to November. The fall in activity was associated with “an unwillingness of traders to take 
                                                 
44 The Italian Government reduced its Commission approved allocation by 10 million a year as a result of a number of installation 
closures coupled with revised energy projections. 
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major market positions towards the end of the year”. Over the course of December the 
exchanges managed to increase their share of activity and facilitated 30 per cent of market 
activity. 
  
 
2.4 Conclusions and future plans 
 
The allowance market has emerged successfully as a signal that reflects in some sense 
society’s judgement that the capacity of the planet to absorb greenhouse gasses is scarce 
and should be paid for.  As the futures market in CO2 allowances evolved, it has proved to be 
very responsive to perceptions as regards the likely supply of allowances. It was as if the 
price of money expressed via the European Central Bank (ECB) were determined by the 
money supply decisions of 25 different countries, operating to a loose set of principles set by 
the ECB in Frankfurt. But notwithstanding this unusual feature, buyers and sellers made 
judgements, trades took place, and prices emerged. On the 3rd of January the price of the 
2005 vintage EUA was €8.38.Twelve months later the closing price on the last day 
(December 30th) of business was €21.10. Prices seen in the market over the course of its first 
official year have surpassed all expectations of market analysts and academics alike. Very 
few would have imagined that given a market low price of €6.68 in the middle of January that 
seven months later the price of an allowance would have scaled the dizzy heights of €29s and 
come close to breaking the €30 barrier. By the end of 2005 262 million allowances had been 
traded in the EU ETS over the course of its first year in operation. The emergence of Point 
Carbon Europe as a focal point for information has also proved important in giving 
transparency to the market, and in giving it a certain reality and credibility. The breadth and 
depth of the market is such that many brokers have entered the market so that there is 
competition in the provision of broking services. Brokers have not had the market to 
themselves as a number of exchanges have entered the market over the course of 2005.  
While exchanges were expected to pose a real threat to the brokers they have not managed 
to account for more than 32 per cent of monthly market activity at best. Since the first trade 
took place on an exchange in April exchanges on average have facilitated 21 per cent of 
monthly market activity. However, it is widely expected that they will increase their share of 
activity over the course of 2007. Trading was exploratory and volumes were modest at the 
outset of the futures market, but volumes rose sharply as the market matured. As we would 
expect, perceptions as regards the big four – Germany, the UK, Poland and Italy – have been 
key in the early shaping of the market, since they account for over 50 per cent of the total 
volume of allowances; the smaller players are not influential. Looking to the future, brokers 
indicate that influencers of energy consumption, including weather, will be the key 
fundamentals in determining the price of carbon. In addition a key influence on emissions and 
allowance prices will be the judgements made by emitters as regards the bases on which 
allocations will be made for the 2008-2012 period. If they conclude that emissions in the pilot 
phase will be the key determinant of emissions in the next phase, then there will be a strong 
incentive to emit in order to establish a baseline that is favourable to the next tranch of free 
allowances.  
 
The next step in analysing the evolution of market price and traded volume is to establish 
statistical relationships between weekly allowance prices, prices of key fuels including in 
particular coal and gas prices, electricity prices, weather with a view to better ‘explaining’ 
allowance prices given that the  ‘noise’ of supply expectations via the NAPs has been 
removed (at least until the allocation process re-commences for the 2008 – 2012 period).  
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2.6 Appendix 
 
Appendix 1: 
Allowance Market Development Analysis Methodology 
As there have been few trades with publicly announced prices, this analysis is based on 
“market closing” price and traded volume information obtained from Point Carbon’s weekly 
newsletter – “Carbon Market Europe”  (http://www.PointCarbon.com). This newsletter 
provides readers with four categories of market prices for 2005, 2006 and 2007 vintage 
allowances. The four categories are bid price, offer price, closing price and last price. The bid 
price indicates how much a trader is willing to pay to buy an allowance, while the offer price 
indicates how much someone is demanding in order to sell an allowance. The closing price 
indicates the price when the market closes on a Thursday with the last price indicating the 
price at which last trade allowance was sold for. The methodology employed by the 
PointCarbon analysts to produce these prices can be found at 
http://www.pointcarbon.com/article.php?articleID=3160&categoryID=255. For the purpose of 
this analysis the focus is solely on the price evolution of 2005 vintage allowances with a 
December 2005 delivery date. This price analysis also uses daily prices and traded volumes 
obtained from the market since the 1st of December 2004. These daily market figures are 
provided by Point Carbon. Between December 1st 2004 and January 31st 2005 these daily 
figures were obtained from Point Carbon’s daily market assessment – the “Carbon Market 
Indicator” (CMI). This historical data reflected the daily closing price and volumes traded. 
Since the beginning of February the CMI has been replaced by a “Volume Weighted 
Assessment” (VWA). Point Carbon’s VMA is based upon a combination of over-the-counter 
(OTC) brokered trades as well as volumes traded on the active pan-European exchanges. 
The VMA also includes trading exchange volumes where those contracts closely mirror 
activity in the OTC market. For example, currently the activity in the OTC market is focused 
on forward markets for delivery 1 December 2005, 2006 and 2007 and any exchange-based 
trades offering contracts with similar delivery dates will be bundled together and volume-
weighted. Every day, active brokers in the EU emissions trading scheme supply their market 
information at close of market to Point Carbon. All trades (of a minimum clip size of 5,000 
allowances) executed between 8.00-17.00 London time on a daily basis are used in the VMA. 
The methodology employed by the Point Carbon analysts to produce these prices can be 
found at the “market prices” section of the Point Carbon website – www.PointCarbon.com  
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Appendix 2: 
Day-to-Day Market Closing Price based on Point Carbon’s Carbon Market Indicator  
 
December 2004 
Date Price Date  Price 
01/12/2004 €8.48 16/12/2004 €8.53 
02/12/2004 €8.43 17/12/2004 €8.43 
03/12/2004 €8.55 20/12/2004 €8.48 
06/12/2004 €8.55 21/12/2004 €8.50 
07/12/2004 €8.63 22/12/2004 €8.50 
08/12/2004 €8.55 23/12/2004 €8.47 
09/12/2004 €8.63 24/12/2004 €8.42 
10/12/2004 €8.65 27/12/2004 €8.45 
13/12/2004 €8.60 28/12/2004 €8.38 
14/12/2004 €8.54 29/12/2004 €8.38 
15/12/2004 €8.53     
 
January 2005 
Date Price Date  Price 
03/01/2005 €8.38 18/01/2005 €6.84 
04/01/2005 €8.28 19/01/2005 €6.78 
05/01/2005 €8.03 20/01/2005 €6.68 
06/01/2005 €7.73 21/01/2005 €6.75 
07/01/2005 €7.60 24/01/2005 €6.77 
10/01/2005 €6.98 25/01/2005 €6.82 
11/01/2005 €6.84 26/01/2005 €6.81 
12/01/2005 €6.93 27/01/2005 €6.94 
13/01/2005 €6.78 28/01/2005 €7.05 
14/01/2005 €6.78 31/01/2005 €7.18 
17/01/2005 €6.70     
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Appendix 3: 
Day-to-Day Market Price based on Point Carbon’s Volume Weighted Assessment 
 
February 2005 
Date Price Date  Price 
01/02/2005 €7.09 15/02/2005 €7.33 
02/02/2005 €7.16 16/02/2005 €7.62 
03/02/2005 €7.19 17/02/2005 €7.92 
04/02/2005 €7.21 18/02/2005 €8.05 
07/02/2005 €7.20 21/02/2005 €8.24 
08/02/2005 €7.17 22/02/2005 €8.62 
09/02/2005 €7.16 23/02/2005 €8.71 
10/02/2005 €7.15 24/02/2005 €8.88 
11/02/2005 €7.22 25/02/2005 €9.41 
14/02/2005 €7.36 28/02/2005 €9.64 
 
 
March 2005 
Date Price Date  Price 
01/03/2005 €9.49 16/03/2005 €10.86 
02/03/2005 €9.51 17/03/2005 €11.16 
03/03/2005 €9.72 18/03/2005 €11.46 
04/03/2005 €9.63 21/03/2005 €12.91 
07/03/2005 €9.42 22/03/2005 €14.74 
08/03/2005 €9.85 23/03/2005 €13.53 
09/03/2005 €10.47 24/03/2005 €14.11 
10/03/2005 €10.44 29/03/2005 €13.89 
11/03/2005 €10.59 30/03/2005 €14.00 
14/03/2005 €10.37 31/03/2005 €14.26 
15/03/2005 €10.56     
 
 
April 2005 
Date Price Date  Price 
01/04/2005 €15.38 18/04/2005 €15.98 
04/04/2005 €17.37 19/04/2005 €16.57 
05/04/2005 €16.18 20/04/2005 €17.58 
06/04/2005 €15.28 21/04/2005 €17.15 
07/04/2005 €15.47 22/04/2005 €16.92 
08/04/2005 €14.36 25/04/2005 €17.42 
11/04/2005 €14.46 26/04/2005 €17.15 
12/04/2005 €15.48 27/04/2005 €16.66 
13/04/2005 €15.46 28/04/2005 €16.22 
14/04/2005 €15.93 29/04/2005 €16.17 
15/04/2005 €15.80     
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May 2005 
Date Price Date Price 
02/05/2005 €15.33 17/05/2005 €17.00 
03/05/2005 €15.96 18/05/2005 €17.32 
04/05/2005 €16.11 19/05/2005 €17.59 
05/05/2005 €16.49 20/05/2005 €18.50 
06/05/2005 €16.58 23/05/2005 €18.44 
09/05/2005 €16.90 24/05/2005 €18.79 
10/05/2005 €16.99 25/05/2005 €19.54 
11/05/2005 €16.66 26/05/2005 €19.94 
12/05/2005 €16.38 27/05/2005 €19.73 
13/05/2005 €16.59 30/05/2005 €19.50 
16/05/2005 €16.75 31/05/2005 €19.60 
 
 
June 2005 
Date Price Date Price 
01/06/2005 €19.40 16/06/2005 €20.30 
02/06/2005 €19.20 17/06/2005 €20.30 
03/06/2005 €18.85 20/06/2005 €20.70 
06/06/2005 €19.10 21/06/2005 €22.68 
07/06/2005 €19.40 22/06/2005 €22.80 
08/06/2005 €19.55 23/06/2005 €23.05 
09/06/2005 €19.48 24/06/2005 €23.63 
10/06/2005 €19.65 27/06/2005 €23.48 
13/06/2005 €19.60 28/06/2005 €24.08 
14/06/2005 €19.64 29/06/2005 €24.90 
15/06/2005 €19.80 30/06/2005 €25.25 
 
 
July 2005 
Date Price Date Price 
01/07/2005 €26.40 18/07/2005 €24.10 
04/07/2005 €28.90 19/07/2005 €23.93 
05/07/2005 €28.65 20/07/2005 €20.63 
06/07/2005 €28.63 21/07/2005 €19.98 
07/07/2005 €28.73 22/07/2005 €19.63 
08/07/2005 €29.10 25/07/2005 €19.80 
11/07/2005 €29.10 26/07/2005 €20.43 
12/07/2005 €28.90 27/07/2005 €21.53 
13/07/2005 €27.30 28/07/2005 €21.65 
14/07/2005 €24.00 29/07/2005 €22.00 
15/07/2005 €23.68     
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August 2005 
Date Price Date Price 
01/08/2005 €21.15 17/08/2005 €22.40 
02/08/2005 €20.23 18/08/2005 €22.35 
03/08/2005 €20.25 19/08/2005 €22.43 
04/08/2005 €19.95 22/08/2005 €22.65 
05/08/2005 €20.80 23/08/2005 €22.63 
08/08/2005 €21.65 24/08/2005 €22.83 
09/08/2005 €22.10 25/08/2005 €23.05 
10/08/2005 €21.95 26/08/2005 €23.20 
11/08/2005 €22.25 29/08/2005 €23.40 
12/08/2005 €22.30 30/08/2005 €23.28 
15/08/2005 €21.97 31/08/2005 €23.45 
16/08/2005 €22.00     
 
 
September 2005 
Date Price Date Price 
01/09/2005 €24.23 16/09/2005 €21.95 
02/09/2005 €24.45 19/09/2005 €22.40 
05/09/2005 €24.38 20/09/2005 €22.05 
06/09/2005 €24.30 21/09/2005 €21.90 
07/09/2005 €24.38 22/09/2005 €22.20 
08/09/2005 €24.10 23/09/2005 €21.95 
09/09/2005 €23.53 26/09/2005 €21.45 
12/09/2005 €22.00 27/09/2005 €22.05 
13/09/2005 €21.60 28/09/2005 €22.80 
14/09/2005 €22.25 29/09/2005 €22.95 
15/09/2005 €22.45 30/09/2005 €22.75 
 
 
October 2005 
Date Price Date Price 
03/10/2005 €22.75 18/10/2005 €22.75 
04/10/2005 €23.20 19/10/2005 €22.45 
05/10/2005 €23.95 20/10/2005 €22.13 
06/10/2005 €23.65 21/10/2005 €21.75 
07/10/2005 €23.10 24/10/2005 €21.43 
10/10/2005 €23.05 25/10/2005 €21.45 
11/10/2005 €23.15 26/10/2005 €21.63 
12/10/2005 €23.35 27/10/2005 €21.80 
13/10/2005 €23.48 28/10/2005 €21.98 
14/10/2005 €23.05 31/10/2005 €21.95 
17/10/2005 €23.05     
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November 2005 
Date Price Date Price 
01/11/2005 €21.75 16/11/2005 €22.70 
02/11/2005 €21.35 17/11/2005 €22.48 
03/11/2005 €21.25 18/11/2005 €21.65 
04/11/2005 €21.35 21/11/2005 €21.58 
07/11/2005 €21.58 22/11/2005 €21.98 
08/11/2005 €22.15 23/11/2005 €21.40 
09/11/2005 €22.63 24/11/2005 €19.65 
10/11/2005 €22.65 25/11/2005 €20.05 
11/11/2005 €22.70 28/11/2005 €20.08 
14/11/2005 €23.08 29/11/2005 €19.60 
15/11/2005 €22.80 30/11/2005 €19.65 
 
 
December 2005 
Date Price Date Price 
01/12/2005 €20.08 16/12/2005 €21.15 
02/12/2005 €21.20 19/12/2005 €21.10 
05/12/2005 €21.95 20/12/2005 €21.07 
06/12/2005 €22.15 21/12/2005 €20.65 
07/12/2005 €21.70 22/12/2005 €20.60 
08/12/2005 €21.00 23/12/2005 €20.55 
09/12/2005 €20.65 27/12/2005 €20.70 
12/12/2005 €21.33 28/12/2005 €20.85 
13/12/2005 €21.55 29/12/2005 €21.10 
14/12/2005 €21.35 30/12/2005 €21.10 
15/12/2005 €21.35     
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Appendix 4: 
Average Weekly Price and Total Traded Volume Across the EU ETS Exchanges 

Weekly EUA Price & Volume Development (Exchange Based) - '05 
Vintage
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3. Determining the Price of Carbon in the European Union Emissions Trading Scheme 
(EU ETS)* 

* The research on which this paper is based is at present on going and all results 
presented are provisional.  

 
3.1 Introduction   

 
The European Commission has developed a Union wide emissions trading scheme with the 
aim of helping Member States achieve part of their emissions targets under the Burden 
Sharing Agreement in a cost effective and flexible manner. The 1st of January 2005 saw the 
EU ETS officially come into operation. Associated with the development of the EU ETS has 
been the development of the allowance market – the allowance is the official unit of the 
trading scheme.  While the trading scheme officially started in January 2005, a “futures 
market” for CO2 allowances has been in existence since November 2003. Over the course of 
the last 26 months the price of allowances in this forward market have evolved significantly, 
with quite sharp oscillations in price over this period. An unusual feature of this market has 
been the fact that establishment of the total supply of allowances has been largely 
decentralised to 25 Member States; with these supply decisions unfolding over time. 
Perceptions about the volume of supply coming to market, driven by political decisions from 
the European Commission regarding their evaluation of Member State National Allocation 
Plans, appear to have been key influences in shaping price responses over most of the pre-
“January” 05 period, but now (January 06) judgements on energy commodity prices – notably 
oil, power, natural gas and coal – and weather appear to be shaping allowance market 
judgements more and more. There have been no problems with liquidity or with price 
discovery. There are several brokers operating in the market and prices are reported daily on 
the Point Carbon website45. 
 
On the 3rd of January 2005 the price of the 2005 vintage EUA was €8.38.Twelve months later 
the closing price on the last day (December 30th) of business was €21.10. Prices seen in the 
market over the course of its first official year have surpassed all expectations of market 
analysts and academics alike. Very few would have imagined that given a market low price of 
€6.68 in the middle of January that seven months later the price of an allowance would have 
scaled the dizzy heights of €29 and come close to breaking the €30 barrier. The motivation of 
this paper is to understand the forces that determine the price of carbon46. In this paper we 
model the relationship between the daily price of carbon and energy commodities and 
meteorological factors and a number of other variables to see what impact, if any, they have 
had on the price of carbon over the period 1/12/2004 – 30/12/2005. The additional variables 
include all relevant political decisions from the Commission concerning the allocation issue 
over the course of 2005 along with other issues likely to affect the proper functioning and 
efficiency of the market. This period coincides with the first official year of the EU ETS 
operation and the month in the run up to the launching of the scheme. While a futures market 
and price for CO2 allowances has been in existence since late 2003 we were unable to 
include this earlier time period in our model as daily price data did not exist until December 
2004. Prior to this all price data was announced weekly. 
 

 

 

 

 

 

                                                 
45 See www.PointCarbon.com 
46 “Carbon” in the context of this paper refers to carbon dioxide (CO2) which is the unit traded in the EU ETS. 
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Figure 3.1 Price and Volume Development (Brokered Market)47 

Weekly EUA Price & Volume Development (Brokered Market) 
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The paper is organised as follows: Section 2 provide an explanation of the factors we have 
considered in our analysis and why such factors have been included. Section 3 describes the 
methodology used in the analysis, Section 4 presents the results of the econometric analysis 
and Section 5 summarises the conclusions. 
 
 
 
3.2 Determinants of the Price of Carbon? 
 
With carbon dioxide quickly establishing itself as a legitimate traded commodity, similar to any 
of the other commodities traded on markets around the World, the question that everyone 
wants to know the answer to is what are the factors that have determined the price of carbon 
to date and what factors are likely to determine the price of carbon in the future as the EU 
ETS continues to develop. In this section we detail what we believe to be the main factors that 
influence carbon prices and look at how these factors are likely to impact on carbon price 
development. In brief, the price of carbon is viewed as being driven by two main factors: 
 

1. Market fundamentals; 
2. Policy and regulatory issues. 

 
 
 
 

                                                 
47 While figure only 1 shows the evolution of the price for 2005 vintage allowances, the prices for both 2006 and 2007 vintage 
allowances have evolved almost identically to the 2005 allowance. The traded volumes represented in the graph indicate total traded 
volume in the brokered market, i.e. trade in all three-allowance vintages – 2005, 2006, and 2007. While it is not possible to show the 
relative share of overall trade the vast majority of trade in 2005 centred on 2005 vintage allowances. Analysts only noticed trade in 
2006 allowances starting to make up some ground on 2005 allowances from October onwards. 
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3.2.1 Market Fundamentals 
The market fundamentals of the EU allowance market are similar to those in other commodity 
markets – they relate to the age-old issue of supply and demand. The National Allocation 
Plan process was central to the development of the allowance market because it 
simultaneously created the potential supply of and demand for allowances in the emissions 
trading market. Table 3.1 details the overall quantity of allowances that Member States will 
allocate to participating installations within their state for the 2005 – 2007 period. Member 
States are ranked on the basis of their share of the overall allowance budget for the first 
trading period. The allowance allocation that installations receive will influence the role that 
they are likely to play in the market: 

- sellers of allowances because their allocation is generous, 
- buyers of allowances because their allocation is insufficient, 
- neutral role because their allocation is sufficient. 

 
So who will be the main buyers and sellers of allowances in the market? While only an in-
depth analysis of individual NAPs will reveal exactly who the sellers and buyers of allowances 
in the market will be, it is expected that two groups will broadly fulfil these roles. Central 
Eastern Europe is expected to be a major source of allowances, as the accession countries 
which joined the EU in May 2004 are all well on course to meet their Kyoto targets (as a result 
of economic contraction in the early 1990s which resulted in reduced emissions) and were 
therefore able to be relatively generous in allocating allowances to their companies covered 
by the EU ETS. The demand for allowances is dependent on two factors – the allowance 
allocations that participants received as part of the NAP process and their CO2 emission 
levels over the course of the first trading period. In general, CO2 emission levels will depend 
on a number of factors: weather, fuels prices, and economic growth48. Given that the power-
generating sector is responsible for approximately 70 per cent of total CO2 emissions covered 
by the EU ETS, the actions of this sector will have a significant influence on how the price of 
carbon develops. In spite of approximately 70 per cent of the 6.5 billion allowances issued for 
the first phase of the EU ETS going to the power generating sector, sentiment within this 
sector is that the allocations which installations have received are largely insufficient to 
“cover” expected emissions. As a result, installations from this sector are expected to be the 
major buyers in the market over the course of the 2005 – 2007 period.  

 
Table 3.1 Allowance Allocation according to Commission Approved National Allocation Plans  

Member State Allowance 
Allocation 

Share of Total EU 
Allocation 

No. of 
Installations 

Kyoto 
Target 

Germany 1,497.0 22.8 % 1,849 -21% 
United Kingdom 736.0 11.2 % 1,078 -12.5% 
Poland 717.3 10.9 % 1,166 -6% 
Italy 697.5 10.6 % 1,240 -6.5% 
Spain 523.3 8.0 % 819 +15% 
France 469.5 7.1 % 1,172 0% 
Czech Republic 292.8 4.4 % 435 -8% 
Netherlands 285.9 4.3 % 333 -6% 
Greece 223.2 3.4 % 141 +25% 
Belgium 188.8 2.9 % 363 -7.5% 
Finland 136.5 2.1 % 535 0% 
Portugal 114.5 1.7 % 239 +27% 
Denmark 100.5 1.5 % 378 -21% 
Austria 99.0 1.5 % 205 -13% 
Hungary 93.8 1.4 % 261 -6% 
Slovak Republic 91.5 1.4 % 209 -8% 
Sweden 68.7 1.1 % 499 +4% 
Ireland 67.0 1.0 % 143 +13% 
Estonia 56.85 0.9 % 43 -8% 
Lithuania 36.8 0.6 % 93 -8% 
Slovenia 26.3 0.4 % 98 -8% 

                                                 
48 Given that our analysis focuses on a recent relatively short time period we felt that it was not possible to accommodate economic 
growth in our analysis.   
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Cyprus 16.98 0.3 % 13 - 
Latvia 13.7 0.2 % 95 -8% 
Luxembourg 10.07 0.2 % 19 -28% 
Malta 8.83 0.1 % 2 - 
Total 6,572.4 100.0 % 11,428  

Source: European Commission 

 

The Role of Weather 
Weather can be expected to exhibit a triple effect on the price of carbon – double temperature 
effect and precipitation effect. The impact of the weather effect on the price of carbon is felt 
through the impact of weather on the demand for electricity. According to Engle et al (1986), 
Filippini (1995), Henley and Peirson (1997 & 1998), Considine (2000), Johnsen (2001) and 
Pedro et al (2002) temperature stands out among the meteorological factors that effect 
electricity demand. These studies indicate that the relationship between temperature and 
electricity demand is non-linear and that the non-linearity of this relationship refers to the fact 
that both increases and decreases in temperature, beyond a certain threshold, can lead to 
increases in the demand for electricity. In the first instance cold weather will increase 
consumer demand for energy consumption, and this requires power and heat generators to 
increase their output to meet this increase in demand. As a result of increasing their output, 
power generators will see their CO2 emissions increase. Given that the majority of power 
generators already have pre-existing trading desks established to take care of their fuel needs 
and like to continuously manage their position, they will use these facilities to enter the 
allowance market to purchase allowances to cover their increased emissions output. The EU 
allowance is the same as any good, where supply remains unchanged, an increase in the 
demand for that good will result in an increase in price. In addition to the cold weather effect 
there is also a warm/hot weather effect. The warm weather effect as one would expect 
traditionally emerges in summer months in southern Europe and is associated with the 
increased use of air conditioning units in both commercial and residential buildings to cope 
with high summer temperatures. Again power generators will be required to increase their 
output in order to meet the extra energy demand caused by the greater use of air conditioning 
units. According to the European Commission (2001) final energy consumption in buildings in 
the European Union accounts for approximately 40 per cent of total energy consumption in 
the Union, and is deemed by the Commission to be responsible for approximately 20 per cent 
of total CO2 emissions. Agis et. al. (2003) noted that while the primary energy consumption of 
buildings in many European countries is decreasing (as a result of effective energy 
conservation measures), in southern Europe and more recently in central Europe the primary 
energy consumption of buildings is continuing to increase “mainly due to the propagation of 
air conditioning appliances”. This growing demand is reinforced by the “urban heat island 
effect” that results in higher air temperatures in densely built cities. This has the effect of 
enhancing the demand for air conditioning in commercial and residential buildings and 
consequently primary energy consumption. Agis et. al. (2003) highlighted how summer peak 
load in Greece in the period 1999 – 2000 increased by 16 per cent or 1,163MW while over the 
period 1995 – 2000 the increase in summer peak load was 3,500MW.      

 
The precipitation effect is only relevant to those countries that rely on hydroelectric power to 
generate significant quantities of electricity. Precipitation levels affect the share of power 
generated by non-CO2 emitting sources and thus emission levels. Where precipitation levels 
fall relative to historical levels the electricity generating potential from hydropower is reduced. 
However, the demand for power will remain unchanged and as a result traditional fossil fuel 
burning power stations will have to increase their output to compensate for the fall in hydro 
electricity generation. As is the case in the previous paragraph, when fossil fuel generators 
increase their output their CO2 emissions increase which leads to an increase in the demand 
for allowances to cover the associated emissions increase. Table 3.2 shows the contribution 
of hydroelectric power generation to total gross electricity generation in 7 Member States over 
the period 1999 – 2003. According to the European Energy Agency (Eurostat 2005) the 
significant drop in hydro generation seen in Spain and Portugal during 2002 was caused by 
very low precipitation levels.    
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Table 3.2 Hydroelectric Share of Total Gross Electricity Generation (1999 - 2003) 
Country  1999 2000 2001 2002 2003 

Gross Hydro Electricity 

Generation (GWh) 
41,727 43,498 41,837 42,004 38,366 

Total Gross Electricity 

Generation (GWh) 
60,514 61,821 62,430 62,479 63,170 

Austria 

Hydro Share (%) 68.95 70.36 67.01 67.22 60.70 

Gross Hydro Electricity 

Generation (GWh) 
12,780 14,660 13,204 10,776 9,591 

Total Gross Electricity 

Generation (GWh) 
69,433 69,989 74,450 74,899 84,227 

Finland 

Hydro Share (%) 18.40 20.90 17.70 14.30 11.38 

Gross Hydro Electricity 

Generation (GWh) 
77,601 72,398 79,248 66,456 64,877 

Total Gross Electricity 

Generation (GWh) 
523,985 540,668 550,448 559,197 566,900 

France 

Hydro Share (%) 14.80 13.39 14.39 11.88 11.44 

Gross Hydro Electricity 

Generation (GWh) 
51,777 50,900 53,926 47,262 44,277 

Total Gross Electricity 

Generation (GWh) 
264,994 276,623 278,995 284,401 293,865 

Italy  

Hydro Share (%) 19.50 18.40 19.32 16.61 15.06 

Gross Hydro Electricity 

Generation (GWh) 
7,619 11,715 14,375 8,257 16,054 

Total Gross Electricity 

Generation (GWh) 
43,274 43,764 46,509 46,107 46,852 

Portugal 

Hydro Share (%) 17.60 26.76 30.90 17.90 34.26 

Gross Hydro Electricity 

Generation (GWh) 
25,437 31,807 43,858 26,388 43,897 

Total Gross Electricity 

Generation (GWh) 
209,030 225,148 237,991 246,079 262,860 

Spain 

Hydro Share (%) 12.16 14.12 18.42 10.72 16.69 

Gross Hydro Electricity 

Generation (GWh) 
71,713 78,619 79,082 66,395 53,273 

Total Gross Electricity 

Generation (GWh) 
155,171 145,585 161,616 146,733 135,571 

Sweden 

Hydro Share (%) 46.21 53.90 48.93 45.24 39.29 

 Source: Eurostat 

 

The Role of Fuel Prices 
Fuel prices, notably those for coal, oil and natural gas, will have an impact on the price of 
carbon because of the ability of power generators to switch between their fuel inputs. The 
existence of fuel switching is important as it enables power generators to exploit short-term 
price differentials between fuel types. There are a number of circumstances under which fuel 
switching can occur. Some power generators are able to burn two or three different fossil 
fuels and switch between them. In dual or multi-fired units switching can occur within a day if 
the alternative fuel is available and no major modifications of the unit are needed; otherwise it 
may take weeks or months. Table 3.3 shows the amount of dual- and multi-fuel power 
capacity between West European countries. According to the IEA (1996) out of a 52GW net 
increase in West Europe’s thermal capacity between 1974 and 1990, 83 per cent (42GW) of 
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this increase was dual- or multi-fired. Power generators will generally own several generating 
plants and units that may burn different fuels. Since different units are brought on-line 
according to their short-run variable costs of production, changes in fossil fuel prices can 
change the merit order of plants using different fuels, thereby affecting the fuel mix in the 
short run.  
 

Table 3.3. Dual- and Multi-fired electricity generating capacity in 8 West European Countries 

(1974 - 1996) 

 1974 1980 1985 1990 1996 1974 1980 1985 1990 1996 

 Austria Belgium 

Coal/Oil 0 0 0.48 0.25 0.30 0.61 1.18 1.52 1.52 1.06 

Coal/Gas 0 0 0.08 1.00 1.27 0.11 0.14 0.24 0.12 0.11 

Oil/Gas 0 0 2.63 2.51 2.73 1.82 1.59 1.68 1.70 2.10 

Coal/Oil/Gas 0.81 3.45 0.24 0.21 0.24 3.77 4.67 3.17 3.26 3.86 

% multi-fired* 27 73 69 70 74 82 92 90 92 90 

 Germany Netherlands 

Coal/Oil 6.86 7.14 8.58 9.03 8.92 0.52 1.49 1.81 1.71 1.25 

Coal/Gas 1.49 1.65 1.45 1.98 1.88 0.56 0.67 0.22 2.06 2.90 

Oil/Gas 2.47 5.98 10.55 9.22 9.27 8.29 11.76 12.18 9.97 10.24

Coal/Oil/Gas 0.75 0.59 6.73 5.41 7.03 0.34 0.25 0.25 0 0 

% multi-fired* 20 23 43 38 33 74 84 87 81 79 

 Ireland Italy     

Coal/Oil 0.09 0 0 0 0 8.02 6.05 6.10 6.38 6.47 

Coal/Gas 0 0 0 0 0 0 0 0 0 0 

Oil/Gas 0 0 1.02 1.10 1.31 3.20 5.64 8.34 11.20 15.66

Coal/Oil/Gas 0 0 0 0 0 0.60 0.92 2.67 2.62 2.64 

% multi-fired* 6 0 40 33 34 52 43 47 54 55 

 Spain United Kingdom 

Coal/Oil 0.93 0.06 0.22 0.50 0.66 1.92 2.66 2.29 5.15 5.61 

Coal/Gas 0 0 0.02 0.02 0.01 1.57 1.61 0.37 0.37 0 

Oil/Gas 0 0.96 1.88 1.99 2.29 0 0 1.23 0.78 0.80 

Coal/Oil/Gas 0 0 0 0 0.12 0 0 0 0 0 

% multi-fired* 9 7 11 12 14 5 7 7 11 12 

Source: IEA (1996) 

 

Soderholm (2000) analysed the role and importance of short-run fuel flexibility in the West 
European Power sector. According to Soderholm the prospects for fuel switching are 
particularly important for the power generating sector since: 1) continuity of fuel supply is 
necessary to guarantee reliable electric services (Since electricity can hardly be stored 
[notable exception is hydro], a power generator must be able to meet the instantaneous 
demand for power at any point in time at minimal cost; 2) fuel constitutes a large share of the 
total marginal cost of electricity. Therefore the provision of fuel competition can be viewed as 
placing a ceiling on fuel prices, thus aiding generators in minimising fuel costs; 3) fuel markets 
tend to be volatile and uncertain49. Soderholm (2001) estimated the cross-price elasticities of 
fossil fuel demand for coal, oil and gas used in fossil-fuelled power generation over the period 

                                                 
49 See Appendix 1 for the evolution of the price of oil, gas and coal over the period of analysis. 
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1978 – 1994. Table 3.4 presents the results of his findings and indicates the existence of 
significant short-run interfuel substitution, especially between oil and gas.  
 

Table 3.4 Cross Price Fuel Elasticities in Western Europe 

Cross Price Elasticities*  

Gas – Oil Gas / Price of Coal Coal / Price of Gas 

 TL: 0.09 GL: 0.45 TL: 0.09 GL 0.19 

Oil – Coal Oil / Price of Coal Coal / Price of Oil 

 TL: 0.20 GL 0.30 TL: 0.12 GL:0. 29 

Gas – Oil  Gas / Price of Oil Oil / Price of Gas 

 TL: 0.58 GL: 1.44 TL: 0.45 GL: 0.64 
* The cross price elasticities were calculated as averages over the eight Western European Countries listed in table 

3.3. TL denotes the cross-price elasticities generated by a Translog cost function while GL shows the corresponding 

estimates a Generalised Leontief cost function. 

 

The implications of power generators being able to switch between fuel types is significant in 
terms of the potential impact on the price of carbon. The impact on price is felt as either a 
demand side or supply side effect. These effects take place because of the different CO2 
intensities of the different fuel inputs. Of the three different fuel types – coal, oil and natural 
gas – coal is the most CO2 intensive, followed by oil with natural gas being the least intensive 
of the three50.  In situations where power generators with fuel switching capabilities who use 
coal as their primary fuel switch to either oil or natural gas to take advantage of a short-term 
price term difference, the expected impact on the price of carbon would be to reduce it. This 
occurs because power generators are continuously seeking to cover their emissions position. 
A switch from coal to either oil or natural gas represents a switch to a less CO2 intensive fuel 
type and results in a decrease in CO2 emissions for a given level of output. The net effect of 
this is that power generators will dump allowances on the market in an attempt to make a 
profit as a result of the decrease in their CO2 emissions. The opposite occurs when a power 
generator switches from natural gas to either oil or coal. As the generator is now using a more 
emissions intensive fuel source his emissions will increase relative to his normal position and 
as a result he will seek to cover this increase in demand by purchasing additional allowances. 
Given that oil is middle of the road in terms of CO2 intensity the impact on carbon price of 
switching away from oil will depend on the fuel type to which such generators switch. A switch 
to coal will lead to an increase in price for the reason just described while a switch to gas will 
result in a decrease in the price of carbon as excess allowances are sold into the market as a 
result of reduced CO2 emissions output. 
 
3.2.2 Policy and Regulatory Issues 
Like other environmental markets, the “carbon market” was created through a political 
decision making process. Hence, and similar to other commodity markets, such as the oil, gas 
and power markets, decisions concerning framework conditions and operating guidelines 
could potentially have a key impact on market and price developments (Point Carbon 2004).  
The central policy and regulatory issue for the EU ETS centres on the allowance allocation 
process. This process was decentralised by the Commission with Member States required to 
draw up their own allocation plans based on a set of criteria established by the Commission. 
This process was responsible for simultaneously creating the supply and partial demand for 
allowances in the market. In the first instance the allocation process determined the positions 
(long or short) that participants would have over the course of the first trading period. Before 
the allocations set out in Member State NAPs could be allocated amongst respective 
participants all NAPs had first to be reviewed and approved by the Commission to ensure that 
they were consistent with the Annex III criteria. The Commission reviewal process was 
associated with Member States being required to make adjustments to their plans, either to 
                                                 
50 The CO2 emission factor (measured as KG of CO2/GJ) for natural gas, oil and coal are 56.2, 73.4 and 94.7 respectively. 
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their allocation methodology or the actual quantity of allowances that they intended allocating. 
Announcements from the Commission, or indeed rumours from within the Commission, 
regarding changes that were required to allocation plans before they were approved were 
perceived as having an influence on price as such announcements impacted on market 
sentiment in regard to potential supply and demand issues. Additional regulatory issues that 
affect the functioning of the allowance market (and price) include the arrival of electronic 
exchanges to the market place and the “going-live” of Member State registries. These two 
factors are important as they increase the potential for increased participation in the market 
place and thus increase the scope for price volatility.   
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Figure 3.2 EUA Price Model 
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3.3 Methodology 
In attempting to determine what factors influence the price of carbon we develop a model that 
looks at the relationship between the price of carbon and a number of factors over the period 
1/12/2004 – 31/12/2005.   
 
3.3.1 Estimation Strategy 
We estimated one model (equation 1) to determine the relationship between the price of a 
European Union Allowance (EUA) and the factors proposed in section 2 as being 
deterministic of the price of carbon. 
 
Model: 
 
EUA t = Β0 + Β1 Pt + Β2 Qt + Β3 Rt + εt                                                                 (1)                                                       
 
Where t denotes time, P is a vector including energy prices; Q is a vector of meteorological 
conditions (temperature and precipitation); and R is a vector of dummy variables. 
 
3.3.2 Variable Definition and Data Sources 
European Union Allowance (EUA) 
Our dependent variable is the European Union Allowance price. The price that we use for the 
EUA is that for the 2005 vintage EUA that had a forward contract delivery date of December 
1st 2005.  While forward contracts also exist for both 2006 and 2007 vintage EUAs with 
respective delivery dates of the 1st of December 2006 and 2007, we have focused solely on 
the 2005 forward market because nearly all market activity prior to December 1st 2005 was for 
2005 vintage allowances. 
 
Energy Complex 
In estimating the impact of energy/fuel prices on the price of carbon we included prices for 
three energy/fuel commodities. The energy commodities included in our analysis are oil, coal 
and natural gas. The oil price that we use is the daily price for front month Brent crude oil 
traded on the International Petroleum Exchange (IPE), London. We considered using two 
natural gas prices in our model – UK gas price and European gas price. The UK gas price 
reflects the national balancing point (NBP) market price that is traded on the IPE while the 
European price is assumed to be represented by the price of Zeebrugge gas. In both cases 
prices were daily month ahead prices. On account of the near perfect correlation (0.962) 
between the two gas prices we dropped one of the gas prices. Our model uses the 
Zeebrugge gas price. The coal price used is a weekly price known as the CIF ARA price. This 
price is the delivered price of coal into the North West Europe port complex of Amsterdam, 
Rotterdam, and Antwerp. The coal price is for a 90-day forward delivery. All energy prices 
data were obtained from Platts international energy data providers.  
 
Weather 
Section two hypothesises that weather has a triple effect on the price of carbon – a double 
temperature effect and a precipitation effect. In order to capture the temperature effect it was 
not possible to simply use average daily temperatures from each country in our model 
because of the non-linear relationship between temperature and the demand for electric 
power. Moral-Carcedo and Vincen-Otero (2005) suggest that when dealing with non-linearity 
of the temperature effect the most frequent posture in the literature is to segment temperature 
variations in terms of the functions Heating Degree Days (HDD) and Cooling Degree Days 
(CDD). A degree-day compares the outdoor temperature to a standardised/threshold 
temperature. Hot days, which may require the use of energy for cooling are measured in 
cooling degree days with cold days requiring energy for heating purposes measured in 
heating degree days. Thus, degree-day measurements can be used to describe the effect of 
outdoor temperature on the amount of energy needed for space heating or cooling. Degree-
days are calculated as follows: 

- HDD t = T ref – T t                          
- CDD t = T t – Tref  
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Where Tt is the average daily temperature for the day t and Tref is the selected 
standardised/threshold temperature. Since the literature does not establish a strict 
quantification on the values of the “threshold” temperature there can be many different 
versions of the HDD and CDD functions. We assume a threshold temperature of 18°C for our 
model based on Moral-Carcedo and Vincen-Otero (2005) and Mirasgedis et. al. (2006) who 
noted that there exists a neutral zone around 18°C where the demand for electricity is 
inelastic to changes in temperature. The more extreme the temperature the higher the 
degree-day number. In our model we calculated degree-days for each country in the EU-25 
for which there was daily temperature available. Daily country temperatures were calculated 
on the basis of average daily temperatures from at least three in each country51. Once heating 
and cooling degree days were calculated for each country, countries were assigned to five 
groups on the basis of their geographical location. Heating and cooling degree values were 
determined for each group on the basis of the average values of the countries in each group. 

- Western HDD / CDD – Ireland and the United Kingdom 
- Scandinavian HDD / CDD – Denmark, Finland, and Sweden 
- Southern HDD /CDD – Cyprus, Greece, Italy, Portugal, and Spain 
- Central HDD / CDD – Austria, Belgium, France, Germany, Luxembourg, 

and the Netherlands 
 
In order to attempt to capture the precipitation effect we use average daily precipitation levels 
from seven countries – Austria, Finland, France, Italy, Portugal, Spain, and Sweden – where 
hydro electric power generation represents at least ten per cent of total electric generation. 
Average daily precipitation levels for each country were determined on the basis of average 
daily precipitation levels from at least three locations in each country. Similar to the treatment 
of temperature, countries were then placed into three groups based on their geographical 
location: 

- Scandinavia – Finland and Sweden 
- Central Europe – Austria and France 
- Southern Europe – Italy, Portugal, and Spain 
 

All weather data was obtained from ECA&D (European Climate Assessment & Dataset52).   
 
Policy & Regulatory Issues 
To capture the influence of policy and regulatory issues during the period of our analysis we 
included a large number of dummy variables in our model. Table 3.1 lists the included dummy 
variables. These variables were included because of their potential impact on the price of 
carbon. These variables can be broken down into two broad categories; those affecting 
market sentiment (Commission decisions regarding national allocation plans) and those 
affecting the functionality of the market (registry and exchange launches). In addition, events 
viewed by those in the market as having influence on price were included as dummy variables. 
Two such events were included – the July 7th terrorist attacks in London and a period in late 
September when the market was said to be extremely worried over delays in the “going live” 
of a number of Member State registries. The impact of the attacks resulted in the market 
experiencing a lot of price volatility in the immediate aftermath of the attack. While the attacks 
did not directly impact on the carbon market analysts believed that the market was affected 
because of its close correlation with the crude oil market at the time. Front month Brent lost 
over $5 in value ($60.70 to $55.55) in response to the attacks on the basis of the fear “that 
the attacks would dampen demand for aviation as passengers shied away from air travel”. 
According to leading carbon market analysts Point Carbon the large volumes of traded activity 
in late September early October were attributable to the fast approaching December 1st 
settlement date for all OTC (brokered) 2005 forward contracts. Problems with launching a 
number of Member State registries (mainly eastern European registries) spread concern in 
the market that some players that had sold forward allowances might find it hard to deliver 
such forward contracts because they may not have been issued with their allocation by the 
December 1st delivery date53. 
                                                 
51 There currently exists a relatively limited data-set with reliable historical temperature and precipitation data for numerous locations 
within European countries.  We were unable to obtain daily temperature data for the Czech Republic, Estonia, Hungary, Latvia, Malta 
and Poland. 
52 See http://eca.knmi.nl  
53 While ETS participants were aware of their annual allowance allocation once their respective Member State’s NAP was approved 
by the Commission, they could not receive physical delivery of their allocation until their national registry became operational.  
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Table 3.5 Included Dummy Variables 
Dummy 1 – 20th December 2004; Commission approves 5 more NAPs 
Dummy 2 – 4th January 2005; EU ETS officially launches 
Dummy 3 – 4th February 2005; Commission rejects UK amended NAP 
Dummy 4 – 11th February 2005; Nordpool launched 
Dummy 5 – 25th February 2005; Dutch Registry launched 
Dummy 6 – 8th March 2005; Commission decision on Polish NAP 
                                             New decision on UK NAP 
                                             Rumours of Czech Reduction 
Dummy 7– 8th March 2005;Danish Registry launched 
Dummy 8 – 9th March 2005; EEX launched 
Dummy 9– 4th April; German Registry launched 
Dummy 10 – 12th April 2005; Czech NAP Approved 
                                             UK amended NAP formally rejected 
Dummy 11 – 22nd April 2005; ECX launched 
Dummy 12 – 25th May 2005; Italian NAP approved 
Dummy 13– 26th May 2005; UK Registry launched 
Dummy 14 – 20th June 2005; Greek NAP approved 
Dummy 15– 20th June 2005; New Values launched 
Dummy 16 – 20th June 2005; Spanish Registry launched 
Dummy 17 – 22nd June 2005; EXAA launched 
Dummy 18 – 24th June 2005; Powernext launched 
Dummy 19 – 7th July 2005; Terrorist attacks in London 
Dummy 20 – August ? 2005; Hurricane Katrina 
Dummy 21 – 1st September 2005; Estonian Registry launched 
Dummy 22– 2nd September 2005; Irish Registry launched 
Dummy 23 – September 29th – October 7th 2005; market rumours over concerns of registry 
launches 
Dummy 24 – 13th October 2005; Czech registry launched 
Dummy 25 – 23rd November 2005; European Court of First Instance verdict on UK NAP 
Dummy 26– 25th November 2005; Italian announcement of intention to cut 10MT/pa 
Dummy 27 – 1st December 2005; delivery day for all O5 OTC Brokered contracts 
Dummy 28 – 23rd December 2005; Slovak Registry launched  
Dummy 29 – 28th February 2005; Finnish Registry launched 
Dummy 30 – 5th March 2005; Swedish Registry launched 
Dummy 31 – 15th November 2005; Portuguese Registry launched 
Dummy 32 –18th May 2005; French Registry launched 
 

Lagged Variables 
In addition to estimating equation 1 using the variables just described, we also estimated the 
equation using a number of lagged variables. The dependent variable (EUA) along with the 
three energy variables and precipitation variables were lagged with the lags set at t – 1, t – 5, 
and t – 7. 
 
 
 
3.4 Regression Results 
 
The results of the estimation of equation 1 are presented in table 3.6. The model is run in four 
variations with lags of differing degrees included in the second, third, and fourth runs. 
It should be emphasised that the results presented in table 3.6 are very much provisional 
results. From viewing the results it is seen that the estimated relationships between a number 
of the independent variables (notably the weather based variables) and the dependent 
variable are not as we expected. Analysis is on going to further investigate the relationship 
between the price of carbon and weather.    
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Table 3.6 OLS regression of European Union Allowance price against energy price, 
meteorological conditions, and policy and regulatory issues 
Independent Variables 
 

European Union Allowance (EUA) Price 

Oil 0.212*** 
(0.068) 

0.85** 
(0.034) 

0.051*** 
(0.022) 

0.038** 
(0.022) 

Gas 0.194*** 
(0.014) 

0.047 
(0.012) 

0.020 
(0.007) 

0.040 
(0.008) 

Coal -0.722** 
(0.083) 

0.026 
(0.034) 

-0.004 
(0.016) 

-0.001 
(0.019) 

Western HDD -0.014 
(0.069) 

-0.003 
(0.018) 

-0.003 
(0.022) 

0.001 
(0.024) 

Scandinavian HDD -0.274*** 
(0.055) 

-0.003 
(0.015) 

-0.014 
(0.019) 

-0.023 
(0.018) 

Southern HDD -0.211*** 
(0.100) 

-0.023 
(0.026) 

-0.025 
(0.030) 

-0.025 
(0.035) 

Central HDD 0.173 
(0.090) 

-0.007 
(0.022) 

-0.010 
(0.028) 

-0.002 
(0.031) 

Eastern HDD -0.217** 
(0.069) 

0.000 
(0.017) 

-0.009 
(0.019) 

-0.012 
(0.019) 

Western CDD 0.020 
(0.433) 

   

Scandinavian CDD -0.40 
(0.585) 

   

Southern CDD -0.134 
(0.152) 

0.005 
(0.083) 

0.006 
(0.097) 

0.004 
(0.103) 

Central CDD -0.044 
(0.207) 

0.000 
(0.898) 

0.000 
(0.955) 

0.000 
(0.983) 

Eastern CDD 0.53 
(0.203) 

-0.012 
(0.398) 

-0.014 
(0.432) 

-0.014 
(0.445) 

Scandinavian Precipitation  -0.042 
(0.061) 

- 0.010 
(0.026) 

-0.010 
(0.032) 

-0.012 
(0.033) 

Southern Precipitation 0.007 
(0.098) 

0.017 
(0.029) 

0.019*** 
(0.033) 

0.019** 
(0.033) 

Central Precipitation 0.060* 
(0.48) 

0.006 
(0.014) 

0.007 
(0.015) 

0.005 
(0.016) 

Dummy 23 -0.008 
(1.474) 

 -0.001 
(0.390) 

-0.703 
(0.389) 

EUA t-1  0.914*** 
(0.024) 

  

EUA t-5   0.871*** 
(0.031) 

 

EUA t- 7    0.597*** 
(0.054) 

Oil t-1  -0.035 
(0.035) 

  

Oil t-5   -0.019 
(0.024) 

 

Oil t-7    0.028 
(0.030) 

Gas t-1  -0.010 
(0.012) 

  

Gas t-5   0.014 
(0.007) 

 

Gas t-7    0.015 
(0.006) 

Coal t-1  -0.014 
(0.035) 

  

Coal t-5   -0.040 
(0.019) 
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Coal t-7    -0.003 
(0.023) 

Scandinavian Precipitation t-1  0.009 
(0.025) 

  

Scandinavian Precipitation t-5   0.002 
(0.029) 

 

Scandinavian Precipitation t-7    -0.006 
(0.032) 

Southern Precipitation t-1  0.001 
(0.021) 

  

Southern Precipitation t-5   -0.001 
(0.028) 

 

Southern Precipitation t-7    -0.001 
(0.029) 

Central Precipitation t-1  -0.004 
(0.016) 

 -0.007 
(0.018) 

Central Precipitation t-5   0.006 
(0.017) 

 

Central Precipitation t-7    -0.007 
(0.018) 

Constant 33.624 
(6.830) 

-1.627 
(1.349) 

2.513 
(2.479) 

-1.124 
(3.712) 

N 
 

272 271 272 272 

Adjusted R2 

 
0.908 0.995 0.994 0.993 

Note: *, **, and *** denote significance at the 10%, 5% and 1% levels, respectively. Standard errors are 
given in parentheses. 
 
 

It is seen from the first column in the regression that the estimates of the coefficients on the 
energy prices fuel price are significant. Both oil and gas prices are positively associated with 
the price of carbon while the price of coal displays a negative association. Of the three energy 
commodities an increase in the price of coal has the biggest estimated impact on the price of 
carbon. The estimated impact of price increases for coal and natural gas on the price of 
carbon are what one would expect because of the potential for fuel switching.   
 
While table 3.5 shows that 32 dummy variables were considered for inclusion in the analysis 
only one dummy – 23 – was included in the model. The reason for this is that when a 
regression was run looking at the relationship between the dummy variables listed in table 3.5 
and the EUA price only one variable displayed any form of a statistical relationship with the 
price of carbon. For this reason dummy 23 was the only dummy included in the model.   
 
The inclusion of a number of different lags in the model had the impact of resulting in an 
overall increase in the adjusted R2. However, while the adjusted R increased for each of the 
different lags used the results for the estimated relationships reveal that further analysis is 
required. This is because using lags indicates that only oil, Spanish precipitation and the 
lagged price of an EUA are significant in terms of carbon price development.    
 
 
3.5 Conclusions 
At the outset of this paper, our objective was to establish what factors determine the price of 
carbon and how important theses factors are in shaping price. While the results in the 
previous section are preliminary, even at this early stage in our analysis they point to the 
importance of energy prices with regard the development of the price of carbon. It is our hope 
that subsequent analysis will enable us to comprehensively understand the dynamics of the 
carbon market and how the price of carbon is shaped. 
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3.7 Appendix 
 

Appendix 1 – Energy Commodity Price Volatility 

Front Month Brent Over Time
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Zeebrugge Over Time
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UK NBP Over Time
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Coal Price Over Time
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CHAPTER 4 EFFECTIVENESS OF FISCAL AND OTHER MEASURES TO MANAGE 
GREENHOUSE GAS EMISSIONS FROM THE AUTOMOBILE SECTOR- EVIDENCE FROM 
EUROPE. 
 
 
Abstract 

There are three main policy instruments operating to reduce CO2 emissions from passenger 
cars in the European Union (EU): (1) at the national level, EU Member States apply taxes on 
fuel (excise duties) and vehicles; (2) the EU voluntary agreement to reduce CO2 emissions 
from passenger cars is in operation since 2000; and (3) a passenger car labelling directive 
has been in place since 2001. However, there has been little empirical analysis on the 
impacts of these three policy measures on CO2 emissions to date.  

This paper models Member States’ annual average CO2 emissions intensity of new cars over 
the period 1995-2004, and relates it to national vehicle and fuel taxes, prices and other socio-
economic variables and technical controls. In particular, it attempts to explore the relationship, 
if any, between national vehicle and fuel taxes and the EU voluntary agreement in reducing 
CO2 emissions from the passenger car fleet. Our results indicate that (i) vehicle taxes are 
likely to be significant in reducing CO2 emissions intensity of passenger cars, and that (ii) CO2 
emissions intensity of EU new passenger cars has fallen over the time period studied. We 
hypothesise that this time trend may be attributable to the voluntary agreement.  
 
4.1. Introduction 

In the EU, CO2 emissions from transport have increased by 24% since 1990 and are forecast 
to increase to 31% above 1990 levels by 2010 (EEA, 2005). Road transport produces over 
70% of transport CO2 emissions, of which passenger cars make up over half, and these 
emissions continue to grow strongly.  

Most developed countries have introduced a portfolio of policy measures to reduce CO2 
emissions from passenger cars and much has been written on the subject (Plotkin 2001; 
Goldberg 1998; Gerard and Lave 2003; Austin and Dinan 2005; Greene, Patterson et al. 
2005). Within the EU, the approach has been to use a mix of policy measures comprising 
three pillars: 

1) Voluntary Agreements (VA) committing the automobile manufacturers to reduce CO2 
emissions intensity from passenger cars by 25 percent over the period 1995-2008/9, 
mainly by means of improved vehicle technologies.  

2) Improvements of consumer information on the fuel-economy of cars  

3) Fiscal measures to influence motorists’ choice in favour of more fuel-efficient cars  

With these three measures the Commission has focussed mainly on improving the efficiency 
of the fleet rather than travel behaviour, which is a challenge considered better addressed at 
a local level. Figure 1 illustrates the average CO2 emissions intensity of new passenger cars 
in EU15 Member States from 1995-2004. 

The VA is a supply-side, Europe-wide measure, committing manufacturers to supply 
passenger cars with reduced CO2 emissions in all Member States (EU15) at the signing of the 
agreement. It does not directly influence the type of passenger cars consumers would like to 
buy. Thus, without further policy intervention, there is the risk that although low-CO2 emitting 
cars may be available for purchase, personal preferences will dictate that people opt for 
vehicles with higher CO2 emissions instead. 
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Figure 4.1 CO2 emissions intensity in EU15 1995-2004 (CEC (2000-2006)). 

Automobile manufacturers have called for an integrated approach to achieving improvements 
in the fleet average CO2 emissions intensity, encouraging Member States to introduce fiscal 
measures to push consumers to choose low-emitting-CO2 vehicles (CEC 2005). There is a 
considerable range of fuel consumption and CO2 emissions within a particular vehicle model 
class54. There is therefore scope for consumers to purchase more fuel-efficient vehicles, even 
if they remain within the same vehicle size class. In 2002, CO2 emissions from all new 
passenger cars on the market ranged from 90g/km to 263g/km.  

Consumer information on new car CO2 emissions and fuel consumption is provided by EU 
legislation since 200155. To date, it has not been possible to harmonise vehicle taxes across 
Member States, although a Commission proposal for a directive on the alignment of Member 
State vehicle taxes exists56. This Directive proposes the gradual phasing out of registration 
tax, with a refund system to apply in the meantime, and the introduction of a new annual 
circulation vehicle tax structure linked to CO2 emissions57. 

Individual EU countries impose a range of taxes on cars. These include: 

- At the time of purchase, a registration tax, and value added tax (VAT) which is 
based on the before tax sale price of the car 

- An annual circulation tax 

- Excise duties on fuel (diesel and petrol). 

Most tax regimes have been designed with revenue generation as a primary motive. This has 
resulted in vehicle taxes which differ greatly by amount charged and the method by which 
they are calculated. The parameters used to determine the tax level can vary –from the price 
of the vehicle to physical vehicle characteristics such as the engine size or power. Politics 
often determine the level of fuel tax and the way in which it is applied, even within the EU 
                                                 
54 For example, in the subcompact petrol vehicle size class (Ford Focus, Volkswagen Golf etc. size), 
CO2 emissions range from approximately 140g/km to over 200g/km, measured with the standard 
driving test cycle. For an indication on the variation of CO2 emissions intensity of new cars among European countries, 
please see Figure 1. 
55 EU vehicle-labelling Directive 1999/94/EC.  
56 Proposal for a Council Directive on passenger car related taxes COM(2005) 261 final.  
57 To date, it has not been possible to find a common position within the Community on this subject and the UK is the only Member State 
with vehicle taxes differentiated according to CO2 emissions. 
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(Rietveld and van Woudenberg 2005). For example, some countries use fuel taxes to favour 
diesel fuel due to its better energy efficiency, while others prefer to support petrol, since there 
are lower particulate matter emissions associated with petrol combustion. Although there are 
some minimum (fuel) tax levels mandated at EU level, in effect, vehicle and fuel fiscal 
measures are determined at a national level and hence there are 15 different vehicle and fuel 
tax regimes across EU15. This provides a rich source of variegated evidence from which to 
address the question: how do taxes influence the carbon performance of the new car fleet?  

Despite much rhetoric, there is a gap in the evidence addressing the influence of different 
types of taxes on the EU passenger car fleet CO2 emissions intensity and, by association, on 
the attainment of the voluntary agreement targets. The voluntary agreement has been in 
operation since 2000 and therefore the impact of taxes can be examined before the 
agreement started and for the period since 2000. This paper makes use of a unique dataset 
comprising Member State taxes, vehicle prices and CO2 emissions data for the period 1995-
2004, to shed light onto this question. 

Passenger car CO2 emissions are essentially a function of vehicle fossil fuel energy demand 
and therefore econometric models employed to estimate elasticities of fuel consumption 
intensity are relevant here for the estimation of CO2 emissions (per kilometre driven) of the 
passenger car fleet.58 

Pindyck (1980) postulates that transportation energy demand is dependent on existing vehicle 
stocks, the use of those stocks (travel behaviour), and the fuel efficiency of the stock. The last 
variable is found to be particularly significant; when consumers have little choice in the use of 
their vehicles; if, for example, they are only required for transport between work and home, 
the choice of a more fuel efficient vehicle can have a significant impact on the amount of fuel 
consumed in their daily use. If in each successive year the CO2 emissions intensity of new car 
fleets improves, then the vehicle stock will show a gradual overall improvement in carbon 
efficiency over time.  

Many researchers have attempted to empirically estimate the effect of price on transport fuel 
demand, both at micro and macro levels (see Goodwin et al. (2004) and Graham and Glaister 
(2004) for recent reviews). Some studies estimate transport fuel demand and related issues 
such as vehicle ownership using household decision models (for example, Bresnahan 1987; 
Eltony 1993; Pakes, Berry et al. 1993; Berry, Levinsohn et al. 1995; McCarthy 1996). While 
there are advantages associated with detailed analysis of household decisions with regard to 
passenger car purchases, the data requirements are considerable and may not be available 
for many countries. Other studies use aggregate country data to estimate the effect of price 
and income on total fuel consumption (Sterner 1991; Sterner et al. 1992; Eskeland and 
Feyzioglu 1997). Some researchers decompose vehicle stock into new vehicle purchases and 
depreciated car stock, and total fuel consumption per passenger car into fuel consumption per 
kilometre or vehicle efficiency and travel demand (Johansson and Schipper 1997; 
Storchmann 2005).  

However, few of these studies explicitly incorporate policy variables such as taxes in their 
econometric models. Johansson and Schipper (1997) include a tax variable in their vehicle 
fuel intensity model and find that it has a significant and negative impact on the mean fuel 
intensity of the car stock and on the vehicle stock. In a consumer survey study, Lehman et al. 
(2003) examined the impact of graduated vehicle excise duty on consumer vehicle purchase 
behaviour in the UK and found that the most important factors influencing peoples’ car 
purchase decisions are overall price, fuel efficiency, size, reliability, and comfort rather than 
environmental concerns and road tax.59  

Other notable exceptions are recent studies commissioned by the EU to inform transport CO2 
emissions mitigation policies. COWI (2002) finds that a scheme to replace current registration 
and circulation taxes with pure CO2 differentiated taxes provides the greatest reduction in CO2 
emissions intensity of new passenger cars. Additionally, a combination of both registration 
and circulation taxes differentiated for CO2 emissions achieves a greater CO2 emissions 

                                                 
58 Vehicle fuel intensity is correlated with vehicle CO2 emissions intensity: petrol and diesel vehicles emit on average 69.4kg and 73.4kg 
of CO2 per MJ respective fuel (IPCC emissions factors).  
59The current difference in tax between tax bands is £10-30 and only 16% of respondents said that this 
would be sufficient for them to consider switching to lower CO2-emitting vehicles.  
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reductions than either of the taxes applied exclusively. Another study by TIS (2000) assessing 
the trade barriers created by vehicle taxation finds that the abolishment of registration taxes 
would have a positive impact on the functioning of the internal market.  

There are even fewer studies which provide an ex-post analysis of the effectiveness of the VA 
between the Commission and the automobile industry. Mehlin et al (2004) showed that 
specific automobile technical improvements directed at reducing CO2 emissions have been 
successful in improving CO2 emissions intensity even while there has been unfavourable 
vehicle characteristic development -in vehicle weight, height and engine power- over the 
same period. They argue that these improvements can potentially be attributed to the 
requirements of the VA and might not have taken place otherwise.  

This paper adds to the body of literature in several ways. First, it contributes to the transport 
economics literature on elasticities of transport demand by assessing the influence of prices, 
taxes, income, socio-economic effects, and vehicle characteristics on new car CO2 emissions 
intensity for the period 1995-2004, based on data collected at EU Member State level. CO2 
emissions intensity of passenger cars is the metric chosen in the model since this is the 
metric of the VA target in 2008/2009. While Mehlin et al. (2004) examined the influences of 
technical characteristics on CO2 emissions and non-technical characteristics only to explain 
passenger car sales, our work is a first attempt to model Member State CO2 emissions 
intensity using both technical (vehicle mass, engine capacity and power) and non-technical 
factors (GNI per capita, population density, fuel price, vehicle taxes, and a country vehicle 
price index). By affecting car sales, non-technical factors may be an important determinant of 
CO2 emissions intensity. 

Second, this paper supplements studies on vehicle tax adjustment as a measure to reduce 
the CO2 emissions intensity of the passenger car fleet in the EU. The model estimated in 
Section 2 includes data at EU Member State level on vehicle (registration, circulation and 
VAT) and fuel taxes. This gives us the opportunity to judge which type of vehicle or fuel tax is 
more likely to provide a reduction in the CO2 emissions intensity of passenger cars. While 
Mehlin et al. (2004) partially investigated the effect of vehicle tax on passenger car sales, 
circulation tax was the sole vehicle tax modelled, and then only for six EU Member States. It 
is appropriate to include other vehicle taxes such as VAT and registration taxes for EU15 
Member States, given the Commission proposal to abolish registration taxes in the long-term 
as a result of the findings of COWI and TIS (2002).  

The ratio of petrol to diesel vehicle sales is key in determining the CO2 intensity of the 
passenger car fleet. Therefore the models presented in this paper estimate the impact of fuel 
and vehicle taxes not only on new vehicle sales, passenger car CO2 emissions intensity, but 
also on the ratio of petrol to diesel sales. We have not found any examples in the literature of 
estimates of this last important indicator for passenger car CO2 emissions.  

This paper should be useful to academics, as well as policymakers, since it provides 
estimates for three factors contributing to the amount of CO2 emissions from the passenger 
car fleet. New vehicle sales determine the order of magnitude of fleet emissions, while CO2 
emissions intensity and the ratio of petrol to diesel vehicle sales are indicators of the fleet 
efficiency. The rest of this paper is organised as follows: Section 2 describes the methodology 
used in the analysis, Section 3 presents the results of the econometric analysis and Section 4 
concludes.  

 
4.2 Methodology 

This work attempts to determine which variables are the most important drivers of car CO2 
emissions intensity in the EU over the period 1995-2004. This period was chosen, since 
although the VA was only implemented in 1999, the reference year for CO2 emissions 
measurement is 1995, and data are available since that year.   

The average CO2 emissions intensity of the new passenger car fleet is determined by the 
fleet composition, which reflects the types of cars purchased in the market. The passenger 
car fleet is made up of a large number of different car models. A key factor influencing CO2 
emissions is the choice of engine as regards fuel type – diesel engines are much more 
carbon efficient than petrol engines.  
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The CO2 emissions intensity of any particular fleet composition is thus the result of a number 
of supply-side, demand-side variables and socio-economic factors, to the extent that these 
factors affect consumers’ purchasing decisions.  

 

4.2.1 Estimation strategy 

We estimated two models, a first model to determine the relationship between vehicle sales 
registrations and demand-side and socio-economic variables (Model 1), and a second model 
to examine the influence of all variables, including technical features, on the passenger car 
CO2 emissions intensity across Member States (Model 2). Model 1 was estimated with two 
versions of the dependent variable: (i) total new vehicle sales, and (ii) the ratio of petrol to 
diesel sales. The ratio of petrol to diesel vehicle sales provides an insight into the fleet 
composition and therefore the CO2 emissions intensity, while the total vehicle sales indicates 
the impact that the CO2 emissions intensity of the fleet will have on total CO2 emissions. 

The dataset includes the 15 ‘old’ Member States, since tax information is only available for 
these Member States over the period of analysis and these are the countries included in the 
VA between the automobile manufacturers and the EU Commission, as adopted in 1999. 
Given the panel structure of our data set, we estimated both models with pooled data (i.e. 
cross-section and time series) as this is more efficient than using pure time series or cross-
sectional data (Baltagi and Griffin 1984; Baltagi 1995).  

It has been recognised for some time in the economics literature that it is important to treat 
vehicle ownership and fuel demand models as dynamic (Sterner, Dahl et al. 1992; Dargay 
and Vythoulkas 1999; Goodwin, Dargay et al. 2004). There is considered to be a period of 
demand adjustment due to “pervasiveness of habits, uncertainty, and imperfect information 
regarding alternatives and prices, costs of adjustment, transaction costs, search costs, 
expectations and arguments concerning life-cycle, and permanent income” (Dargay and 
Vythoulkas 1999). Static models provide estimates only of the short-run effects (i.e. one year 
adjustment) on vehicle ownership and fuel demand (Sterner, Dahl et al. 1992; Johansson and 
Schipper 1997), while dynamic models include the effects of time lags between changes in 
the independent and the dependent variables. Therefore a dynamic (rather than a static) 
pooled model is utilised in both models by including a lagged dependent variable in the 
regressions. Unfortunately the lagged dependent variable is generally strongly correlated with 
the error term and so one way to deal with this is to instrument it (Sterner et al. 1992; Sterner 
1991).  

 

Model 1: New car sales 

Cars are durable goods. Pindyck (1980) models new vehicle sales as a function of the 
existing vehicle stock lagged by one period, the price of vehicles, fuel price, income, and 
lagged new vehicle sales60. Similar specifications are utilized by later researchers in vehicle 
stock and new car sales models and which also include other socioeconomic variables 
(Eskeland and Feyzioglu 1997; Johansson and Schipper 1997; Storchmann 2005). Socio-
economic factors can be very important in determining the kind of passenger car purchased. 
Factors such as income can decide whether a person owns a vehicle at all. Also the transport 
infrastructure and the demographics of a population may influence whether a car is needed 
for mobility and the type of car used. We model new vehicle sales with the same strategy as 
others before and incorporate the following variables: prices (P) including vehicle price index, 
fuel prices and the ratio of petrol to diesel prices; taxes (T) including registration and 
circulation taxes; socio-economic factors (X) including GNI per capita and population density; 
vehicle stock (S); and new car sales from the previous year (Sales).  

 

ittitiitititit SalesSales υγ ++++++= −− )1()1(4310 T λSγXγγPγ 2  (1) 

 

                                                 
60 This is derived from the vehicle stock model, where vehicle stock per capita is dependent on lagged vehicle stock and new car sales. 
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While it is interesting to see which variables affect total vehicle sales, it does not provide 
much insight into the fleet composition or CO2 emissions intensity per vehicle. Petrol and 
diesel vehicles are substitutive products to a large extent. Aggregate vehicle sales data do not 
permit analysis of the effect of switching from petrol to diesel vehicles as a result of, for 
example, a relative cost increase affecting petrol cars; it only shows an impact when the total 
number of vehicles changes. It is worthwhile to examine this substitution effect, especially as 
diesel vehicles on average emit less CO2 than petrol vehicles. Therefore equation (1) is re-
estimated with the ratio of petrol to diesel sales as the dependent variable and the same 
independent variables.   

We include both absolute fuel prices and the relative petrol-to-diesel fuel price in both 
versions of the model because whereas the absolute fuel price level may determine whether 
an individual purchases a vehicle, it is expected that the relative price level of petrol and 
diesel fuel may have an influence on the fuel type of the vehicle bought. 

 

Model 2: CO2 emissions intensity 

The petrol to diesel vehicle sales model gives an indication of some of the factors expected to 
affect the CO2 emissions intensity of the passenger car fleet. However, it is necessary to 
model CO2 emissions intensity directly, since while it is true that for a given vehicle model 
diesel vehicles tend to emit less CO2 per kilometre than petrol vehicles, it is possible that 
even if people switch from a petrol vehicle to a diesel vehicle, they may purchase a larger, 
heavier vehicle than before. Similarly the sales models do not capture consumers who remain 
with a vehicle of the same fuel type but purchase a more or less efficient model. 

As stated previously, this study does not examine the effect of policy instruments on the total 
CO2 emissions from all passenger cars but rather on the new fleet vehicle carbon emissions 
intensity. A drawback of using CO2 emissions intensity as the dependent variable is that 
neither the vehicle kilometres driven nor driving behaviour are included in the model. CO2 
emissions intensity of a vehicle is largely determined by technical characteristics, such as fuel 
type, vehicle mass, engine power and size. To examine the influence of other variables, we 
need to control for these variables.  

Our CO2 emissions intensity model can be directly linked to other work in the literature 
modelling car fuel efficiency or intensity, since CO2 emissions are correlated with (fossil) fuel 
consumption and therefore vehicle fuel efficiency. Pindyck (1980) finds that fuel prices are the 
most important factor determining the fuel efficiency of the new car fleet. Fuel prices (and 
therefore taxes) can be an important factor in determining the car people purchase (Sterner 
2003). Higher fuel prices can entice people to purchase a more fuel-efficient car. In the limit, 
they may decide not to purchase a vehicle at all and travel by public transport. However most 
literature includes other parameters, such as income, vehicle prices, population density, and 
sometimes road density (Sterner, Dahl et al. 1992; Eskeland and Feyzioglu 1997; Johansson 
and Schipper 1997; Storchmann 2005). Our model in equation (2) explains CO2 emissions 
intensity with prices (P) including vehicle price index, fuel prices and the ratio of petrol to 
diesel prices, taxes (T), vehicle characteristics (C) including engine size and power and 
vehicle mass, socio-economic factors (X) including GNI per capita and population density, 
CO2 emissions lagged one period, a time trend (t) and a VA-period dummy (V). 

 

ittiititittitit COtCO ελβββ ++++++++= − )1(65432102 2VXβCβTβPβ , (2) 

 

where i and t denote country and year, respectively.  

The time trend and the VA-period dummy are included to examine two effects: the time trend 
tests whether there is a reduction in CO2 emissions intensity year on year, even when we 
control for all other variables; the VA-period dummy tests whether, in addition, there is a 
differential impact on CO2 emissions intensity during the years of operation of the VA61. 

                                                 
61 A third time variable, the interaction term between the year index and VA dummy variable, was also included but found to be 
insignificant and dropped. This tested whether the slope of the model changed during the period of operation of the VA. 
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As described above, the dataset employed in this study is a panel dataset. The OLS model of 
CO2 emissions intensity of the passenger car fleet does not take account of the country-
specific factors which contribute to the CO2 emissions intensity of each national passenger 
car fleet and remain constant over time. It is of interest to examine whether these fixed effects 
are significant and whether the OLS results are robust to their inclusion. The CO2 emissions 
intensity model is therefore estimated with both OLS and fixed-effects models... 

In both models the γ and β coefficients can be interpreted as the short run coefficients (or 
elasticities where applicable). If these are divided by (1-λ) from the estimated regressions, the 
long run coefficients are obtained. 

 

4.2.2 Variable definitions and data sources  

Emissions intensity 

Our dependent variable, emissions intensity, is measured in average grams per kilometre per 
vehicle. This is the metric used in the automobile manufacturers’ VA target. It reflects the 
amount of CO2 emissions measured by manufacturers in a standard driving test62 at the time 
of vehicle certification. Manufacturers are required to report model sales and emissions data 
to Member State authorities annually, which are collected by the EU Commission as specified 
under the monitoring decision63. The fleet average CO2 emissions intensity is published in the 
monitoring reports for each Member State by car manufacturing association and fuel type.  

Technical characteristics 

The vehicle characteristics included in the model are sales-weighted average engine size and 
power, and vehicle mass for the new vehicle fleet sold in each Member State from 1995-2003, 
available from the annual monitoring reports produced by the EU Commission and the 
automobile industry. In the EU, the values of these characteristics have increased on average 
over the period 1995-2004, which ceteris paribus should mean that fleet CO2 emissions 
intensity have also increased. Since this has not been the case, there have clearly been 
improvements in the technical design of cars. 

Vehicle prices and taxes 

Vehicle price variables influencing consumer product choice, such as purchase price and 
operating costs represent the demand-side variables in the model. Circulation, registration 
and value added taxes (VAT) make up a significant part of the cost of the purchase and the 
running costs of a new vehicle in many countries within EU15. However, Lehman et al. (2003) 
show that when buying a new vehicle in the UK, car purchasers consider the most important 
running cost factors to be (in descending order) fuel consumption, insurance costs, servicing 
costs, fuel type, road tax and company car tax (if applicable). It is of interest to examine 
whether vehicle taxes can play any part in reducing the CO2 emissions intensity of the fleet, 
and which ones are more relevant.  

The information on taxes was obtained from the ACEA Tax Guides (ACEA 1996-2005), which 
are published annually and describe all taxes pertaining to passenger cars in each Member 
State. As described above, vehicle tax systems vary hugely across EU15 Member States. 
Circulation and registration taxes are determined based on various vehicle characteristics, 
fuel economy, or vehicle price. VAT is calculated as a percentage of the pre-tax vehicle price 
and varies in value between countries also.  

In order to estimate the vehicle prices and taxes in many Member States, it was necessary to 
define representative petrol and diesel vehicle models, which have been on sale for the entire 
period of analysis. Since Opel led for the longest time and its top-selling model, Opel Astra 
1.6L petrol engine, was available on the market for the whole period 1995-2004, this vehicle 
model was chosen for the purposes of calculating vehicle prices in the model64. Price data are 

                                                 
62 Commission Directive 93/116/EEC 
63 Decision No. 1753/2000/EC of the European Parliament and of the Council of 22 June 2000 establishing 
a scheme to monitor the average specific emissions of CO2 from new passenger cars 
64 Opel was the passenger car brand with largest market share from 1995-1998, subsequently Volkswagen became the leader for 3 years 
and afterwards Renault went ahead for the last three years of the period. 
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available for this model for each EU15 Member State in 2000. These prices were deflated 
using the Eurostat passenger car consumer price index, to provide a set of individual vehicle 
prices in constant 2000 Euros for each Member State for the 10-year period. Diesel vehicle 
prices were not available from the Commission data and thus were not included in the model. 
Diesel vehicle prices were used only for the purpose of estimating vehicle taxes65.  

For each Member State, the annual average registration, circulation tax and VAT were 
estimated based on the representative vehicle price, the sales weighted fuel economy, CO2 
emissions intensity or other required vehicle characteristic for the particular Member State. 

Fuel prices and taxes 

Average yearly fuel prices including VAT and excise duty are included in constant 2000 Euros 
for each Member State for each year, as reported by the EU Oil Bulletin. 

Other socio-economic controls 

The socio-economic variables included in the model are population density (number of people 
per square kilometre) and the gross national income in constant 2000 Euros per capita, from 
the World Development Indicator database (WDI 2005).  

 
4.3 Regression Results  

Model 1: New car sales 

The results of the estimation of equation (1) are presented in Table 1. The dependent 
variables in Table 1 are the new car sales per capita (the total new petrol and diesel vehicle 
registrations per capita) in column 2, and the ratio of petrol to diesel vehicle sales in column 3.  

The model for total new car sales was run both as a simple OLS static model and in its 
dynamic form, which included the lagged dependent variable as specified in Eq. 1. The 
literature (Pindyck 1980; Eskeland and Feyzioglu 1997) shows that when the variables 
vehicle stock and new car sales lagged one period are both included in the model, they are 
not significant simultaneously. We estimated the model with both variables and found the 
lagged dependent variable, new car sales, to be insignificant.66 We report the results for a 
model that does not include this term. 

The third column of Table 1 presents the results when the model is run with the ratio of petrol 
to diesel new passenger car sales as the dependent variable.  

                                                 
65 Diesel vehicle prices were calculated by increasing the petrol vehicle prices by €2000, the approximate value of the average difference 
in price between diesel and petrol Opel Astra models. Petrol vehicle price is the variable used to represent vehicle prices. This assumes 
that the variation in diesel vehicle prices is the same as for petrol vehicle prices. 
66 Similar to others we included income up to two lags but did not find either of the income lags to be significant. When we replicated this 
model with an instrumental variable for lagged new sales, and omitting lagged vehicle stock, we found that the coefficient on the lagged 
dependent variable remained insignificant. From our results and the literature we interpret this as indicating that investment in new 
vehicles does not point towards partial adjustment to an optimal level of stock, as originally proposed by Pindyck (1980). 
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Table 4.1: OLS regression of new passenger car sales per capita. 

Independent variable 
New car sales

 
Petrol/diesel 

car sales 
Vehicle stock (t-1) 
 

0.418** 
(0.19)  

Fuel price 
 

-0.545*** 
(0.142) 

2.769  
(2.580) 

Fuel price ratio 
 

-0.206 
(0.231) 

-4.394*  
(2.302) 

GNI 
 

0.884*** 
(0.152) 

1.363**  
(0.566) 

ACT petrol    
 

0.028 
(0.062) 

0.647 
(0.414) 

ACT diesel 
 

-0.102*** 
(0.029) 

-0.356 
(0.362) 

RT petrol   
  

-0.157*** 
(0.053) 

-5.226*** 
(1.721) 

RT diesel   
   

0.134** 
(0.061) 

5.846** 
(2.059)* 

Vehicle price index 
 

0.101 
(0.276) 

-5.132** 
(2.126) 

Population density 
 

0.125*** 
(0.030) 

-0.232 
(0.558) 

N 105 117 
n 15 15 
R-squared 0.746 0.312 

a) Dependent variable for column 2 = total new petrol and diesel cars sold annually per 
capita; dependent variable for column 3 = ratio of petrol to diesel car sales. All results 
given as elasticities estimated at the mean. 

b) *, **, and *** denote significance at the 10%, 5% and 1% levels, respectively.  

c) Standard errors in parenthesis computed using the Huber/White/Sandwich variance-
covariance estimator. 

d) ‘ACT’ and ‘RT’ signify vehicle annual circulation and registration taxes respectively. 

 

 

The results in Table 1 are presented as elasticities. The significant coefficients in the 
regression of total new car sales are those on lagged vehicle stock, fuel price, GNI per capita, 
diesel circulation tax, petrol and diesel registration taxes, and population density67. GNI per 
capita is associated with higher vehicle sales. This result agrees with the findings of Mehlin et 
al. (2004) and Goodwin et al. (2004). It seems reasonable since higher GNI per capita 
increases purchasing power and therefore a rise in car sales can be expected. The estimated 
elasticity of new car sales with respect to income (0.88) is higher than estimated by Eskeland 
and Feyzioglu (0.77) and Pindyck (0.12 in the short run and 0.30 in the long run). Other 
researchers in this field have modelled vehicle stock rather than new vehicle purchases and 
therefore the value of the elasticities is not directly comparable.  

The positive relationship between population density and vehicle sales is less easily 
explained. Perhaps in countries with higher average population density, household size is 
smaller and hence the number of cars per capita increases. Other researchers have found 
population density to be negatively correlated with vehicle stock (Johansson and Schipper 
1997; Storchmann 2005).  
                                                 
67 Real interest rates were also included but dropped, as its coefficient was not significant and this variable had 
many missing values. 
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Fuel price is negatively associated with vehicle sales, with an elasticity of –0.55. This 
supports the negative fuel price elasticity of vehicle ownership estimated by Goodwin et al. 
(2004) from the studies they reviewed.  

Vehicle annual circulation (ACT) and registration (RT) taxes appear to have a significant 
influence on vehicle sales. While the ACT for petrol vehicles is not an important factor 
determining new car sales, there is a significant negative elasticity of new car sales with 
respect to diesel ACT and petrol RT. The opposite is true for diesel RT, which may be 
explained in the second part of this model below. While vehicle model prices might be 
expected to affect individual new car model sales, in this model the vehicle price index 
represents an overall level of vehicle prices in each country and it does not appear to be a 
significant factor determining new car sales.  

Based on the analysis of the vehicle sales model, the vehicle sales ratio model is also run as 
a static OLS regression. The results from this model are reported in column 3 of Table 1. Fuel 
price is included as an aggregate of petrol and diesel prices and as a ratio of petrol to diesel 
price. The fit of the model, as indicated by the adjusted R2-value is worse than in the total 
vehicle sales model. This could be a result of omitted unobserved variables such as cultural 
preferences.  

As expected, there is a high negative elasticity of the ratio of petrol to diesel new car sales 
with respect to the petrol to diesel fuel price ratio; however sales-weighted fuel price does not 
have a significant effect. This indicates, as we could expect, that the absolute level of fuel 
prices does not determine whether a purchaser buys a petrol or diesel vehicle, whereas the 
relative price difference between petrol and diesel does. Overall, elasticities in the petrol to 
diesel vehicle sales model are high, which is plausible since petrol and diesel vehicles are 
ceteris paribus strong substitutes.  

The coefficients of registration taxes are highly significant in the model. When petrol 
registration tax increases, the ratio of petrol to diesel car sales drops, while the opposite is 
true for diesel registration tax. The elasticities of the ratio of petrol to diesel car sales with 
respect to registration taxes are high while those with respect to annual circulation taxes are 
insignificant. This suggests that different taxes affect the purchasing behaviour differently and 
that registration taxes, applied at the moment of purchase, have a more marked influence on 
the fuel type of the vehicle chosen by a purchaser at the time of purchase than an annual 
circulation tax which is applied later and continues throughout the life of the vehicle. 

GNI also has a significant positive effect on petrol to diesel car sales ratios. The coefficient on 
GNI per capita is, as we would expect, less significant in this model than in the total sales 
model.  

The vehicle price index represents the price of the average petrol vehicle car in each country 
and it is, as expected, negatively correlated with the ratio of petrol to diesel car sales. 

 

Model 2: CO2 emissions intensity  

In Model 2 the CO2 emissions intensity of the fleet is regressed against price variables, 
vehicle technical characteristics, and socio-economic variables according to equation (2).  

The values in column 2 of Table 2 are the estimated elasticities for the simple static OLS 
model of CO2 emissions intensity of the new passenger car fleet. As in Table 1, the fuel prices 
in this table are included both as an aggregate fuel price and as a price ratio between petrol 
and diesel fuel prices. All the coefficients, apart from that on vehicle mass, are found to be 
significant and most of the signs of the coefficients are as expected. The results suggest that 
there is a year on year decrease in emissions over the period; an increase in petrol circulation 
and registration taxes and population density are associated with a reduction in emissions, 
and vehicle characteristics such as engine power and size have a positive impact in CO2 
emissions. Vehicle taxes appear to cause vehicle fuel switching –as petrol vehicle taxes 
increase, there is a reduction in CO2 emissions as consumers switch to more fuel efficient 
vehicles, however as diesel vehicle taxes increase, CO2 emissions increase, as consumer 
switch back to more fuel-consuming petrol vehicles. 
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Table 4.2: Regression results of CO2 emissions intensity against all other variables. 

Independent variables OLS 
(static) 

OLS  
(dynamic) 

 
2SLS-A 

(dynamic) 
 

 
2SLS-B 

(dynamic) 
 

LCO2 
 

-- 
 

0.606*** 
(0.089) 

0.490*** 
(0.164) 

0.618*** 
(0.147) 

Year  
   

-0.091*** 
(0.010) 

-0.040*** 
(0.013) 

-0.055*** 
(0.020) 

-0.050* 
(0.026) 

VA dummy     
 

-0.010*** 
(0.004) 

-0.004 
(0.004) 

-0.003 
(0.003) 

0.001 
(0.004) 

Fuel price 
 

0.084*** 
(0.021) 

0.015 
(0.020) 

0.025 
(0.030) 

0.004 
(0.031) 

Fuel price ratio 
 

-0.196*** 
(0.024) 

-0.035 
(0.022) 

-0.045* 
(0.028) 

-0.039 
(0.039) 

ACT petrol   
  

-0.027*** 
(0.008) 

-0.016** 
(0.007) 

-0.028*** 
(0.009) 

-0.025** 
(0.011) 

ACT diesel 
 

0.034*** 
(0.006) 

0.016*** 
(0.006) 

0.022*** 
(0.007) 

0.018** 
(0.008) 

RT petrol    
 

-0.026*** 
(0.007) 

-0.006 
(0.006) 

0.005 
(0.009) 

0.013 
(0.011) 

RT diesel    
  

0.036*** 
(0.008) 

0.013* 
(0.007) 

0.003 
(0.010) 

-0.006 
(0.012) 

Vehicle price 
 

0.097*** 
(0.035) 

0.070** 
(0.030) 

0.104*** 
(0.030) 

0.088** 
(0.043) 

GNI 
 

0.036*** 
(0.011) 

0.009 
(0.010) 

0.014 
(0.011) 

0.001 
(0.012) 

Population density 
 

-0.009** 
(0.004) 

-0.002 
(0.004) 

0.001 
(0.004) 

0.003 
(0.005) 

Engine power 
 

0.157*** 
(0.037) 

0.080*** 
(0.031) 

0.087** 
(0.034) 

0.087 
(0.067) 

Engine size 
 

0.137*** 
(0.052) 

0.027 
(0.044) 

-0.013 
(0.052) 

0.001 
(0.061) 

Vehicle mass 
 

0.076 
(0.057) 

0.042 
(0.048) 

0.119 
(0.112) 

0.059 
(0.125) 

N 103 91 78 64 
n 15 15 15 15 
Adj R2 0.910 0.941 0.954 0.942 

Notes: 

a) Dependent variable for columns 1-4 = fleet average CO2 emissions intensity, measured as 
gCO2 emissions per kilometre over standard European test cycle.  

b) Column 2 represents a simple static OLS model; column 3 represents an OLS dynamic 
model including the lagged dependent variable ((t-1) CO2 emissions); column 4 represents 
the OLS dynamic model in which the lagged dependent variable is instrumented with lagged 
vehicle characteristics; and column 5 presents the results of the OLS dynamic model in which 
a 2SLS is used to predict the lagged dependent variable using all independent variables, their 
lag, and the second lag of the dependent variable. All results are given as the elasticities 
estimated at the mean. 

c) *, **, and *** denote coefficients significant at the 10%, 5% and 1% significance levels, 
respectively. Standard errors are given in parentheses. 

 

The literature indicates that it is preferable to utilise dynamic models when modelling fuel 
consumption and vehicle efficiency to take account of adaptation delays. Therefore a lagged 
dependent variable is included in the model and the results are presented in column 3. As it 
was indicated previously, to deal with the problem of correlation of the lagged term with the 
error term it is desirable to employ an instrumental variable. Two instrumental variables are 
tested in table 2 –column 4 (2SLS-A) presents the results when lagged vehicle characteristics 
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are used as the instrumental variable for lagged CO2 emissions, and column 5 (2SLS-B) 
presents the results for a two stage process of the same regression but where the lagged 
dependent variable for the OLS model is predicted from a regression of the independent 
variables from both time periods and the second lag of CO2 emissions, as proposed by 
Johansson and Schipper (1997).  

The results for the three dynamic models appear to be quite robust. The significant 
coefficients are found on the lagged CO2 variable, the time trend, the vehicle circulation tax 
(ACT), the vehicle price and the average engine power. As discussed above, the coefficient 
on the lagged variable provides a multiplier with which the long-term elasticities can be 
estimated. In these models the value of the multiplier ranges from 2.0 to 2.6. Therefore the 
long run elasticity of CO2 emissions intensity of the fleet relative to, for example, ACT is 
estimated to be between 3 to 7%. Again there appears to be a substitution effect between 
petrol and diesel vehicle ACT since the coefficients are of opposite signs. The coefficients on 
RT are lower in magnitude than the ACT coefficients and, except for RT diesel in the third 
column with the expected sign, they are not significant. The vehicle price index is positively 
correlated with CO2 emissions. This may seem surprising, since it would be expected that an 
increase in vehicle prices might cause consumers to downsize. However, the vehicle price 
index variable does not represent individual model prices but rather serves as a comparison 
of vehicle prices between countries. Its coefficient can therefore be explained as an indication 
that in countries where vehicle prices are higher, CO2 emissions are also higher. A hypothesis 
is that since vehicle prices overall are high, there is less relative price difference between 
luxurious and basic models and therefore customers opt for more luxurious and higher 
emitting models. Higher engine power produces higher CO2 emissions intensity as expected. 
The two dynamic models with instrumental variables produce similar results. 

Impact of time on CO2 emissions intensity 

The models so far have shown that vehicle taxes may have had an impact on the sales of 
passenger cars, ratio of petrol to diesel cars sold and the CO2 emissions intensity of the fleet 
over the period 1995-2004. It would be interesting to estimate also the direct effect that the 
voluntary agreement has had during its time of operation (2000-2004), but it is difficult to find 
a suitable variable to include in the regressions.  

The OLS regressions in Table 2 include a time trend as a regressor. The effect of time on 
fleet CO2 emissions intensity is highly significant and economically important; as time passes, 
CO2 emissions are reduced by between 4-9 percent in the short term. We hypothesise that 
this might be a result of the voluntary agreement, which, although only in operation since 
2000, was under negotiation already in 1995. In fact firms had knowledge of impending CO2 
emissions reduction requirements since 1992, which could have induced them to begin 
developing more fuel-efficient cars before the introduction of the VA. The reduction in CO2 
emissions year-on-year predicted by the model, which controls for some vehicle 
characteristics, price and socioeconomic variables, is higher than that observed in Figure 1.  

The second time effect is examined in the model by including a VA period dummy variable 
and an interaction term between the time trend and the VA dummy. This allows us to see 
whether the period of the voluntary agreement has had a different effect on the CO2 
emissions intensity compared with the period 1995-1999. The interaction term was not found 
to be statistically significant and is dropped in the models presented in Table 2. The effect of 
the VA dummy coefficient is not robust; it is significant only in the static model and its impact 
is smaller than the impact of the time trend. 

Fixed effects 

We tested for fixed effects and found that the hypothesis that country-specific error terms are 
equal to zero cannot be rejected. This may be due to the fact that some explanatory variables 
included in the models are relatively constant over time and thus highly correlated with the 
fixed effects. For example, in several countries the vehicle taxes do not change over time. 
Similarly, variables such as population density do not change significantly with time. 
Therefore, the fixed-effects results are not reported. An interesting robust result, however, is 
that the time trend is negative and highly significant in both specifications, with and without 
fixed effects. It suggests that there is some phenomenon occurring over the sample period, 
which is causing the fleet CO2 emissions intensity to decrease with time and that is not 
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explained by the sales-weighted average vehicle characteristics, vehicle taxes, fuel prices or 
socio-economic variables. A reasonable hypothesis is that this is the result of the VA.  
 
4.4 Conclusions 

Many of the EU15 countries are facing ‘overshoot’ of their Kyoto-related burden sharing 
commitments, and the road transport sector is identified in most jurisdictions as the main 
source of rising CO2 emissions. They are therefore faced with the prospect of buying 
allowances in order to comply. Any insights that help them identify the potential significance of 
fiscal policy and/or voluntary agreements in reducing this bill are highly policy-relevant. 

This work evaluates the hypothesis that the voluntary agreement and relevant taxes –
especially the annual vehicle circulation tax and fuel taxes - influence the carbon intensity of 
the new car fleet, and gives considerable insight as to how and to what extent this influence is 
exercised. As such, it provides important analytical support for policy at both Member State 
and European Union levels. The passenger car VA to reduce CO2 emissions intensity is an 
EU level supply-side policy instrument and fiscal measures at the Member-State level can 
support the achievement of the target and further reductions of CO2 emissions in the 
passenger car fleet.  

At this time, after five years since the commencement of the VA, it is reasonable to begin to 
examine these data to investigate the impact of fiscal measures on Member States’ average 
new car CO2 emissions intensity and their relationship with the voluntary agreement. Thus 
this paper has examined the influence of several fiscal measures, technical characteristics 
and other relevant socio-economic variables on passenger car sales and CO2 emissions 
intensity in EU15 over the time period 1995-2004. 

Broadly, our results indicate that (i) different taxes (fuel taxes, vehicle registration and 
circulation taxes) affect individuals’ purchasing behaviour differently; (ii) despite the high 
correlation between the petrol-to-diesel new car sales with new fleet average CO2 emissions 
intensity, fiscal instruments affect them differently; and (iii) new fleet average CO2 emissions 
intensity has fallen over the time period 1995-2004 independently of Member-State fiscal 
measures. 

More specifically, with regard to policies that can impact new car sales, fuel price shows the 
strongest impact on total new passenger car sales, in agreement with the results of Mehlin et 
al. (2004). The effect of vehicle taxes on new car sales is less clear cut; registration taxes 
appear to have a more significant impact than annual circulation taxes. If we examine the 
ratio of petrol to diesel vehicles sales it appears that it is not the level of the fuel price that is 
important but rather the relative petrol-to-diesel price. Registration taxes are significant and 
effective in determining the ratio of petrol to diesel vehicle sales and indicate the substitutive 
nature of petrol and diesel car purchases.  

In our model, the fleet average CO2 emissions intensity is determined by the petrol-to-diesel 
fuel price ratio, the circulation tax for petrol and diesel cars, the average country price index 
for a petrol car (which does not include registration and circulation taxes), and engine power. 
It is notable that the registration tax does not appear to have an important impact on the CO2 
emissions intensity of the new passenger car fleet. This would indicate that while the 
registration tax influences whether a customer purchases a diesel or petrol vehicle, it is the 
circulation tax that is more influential in determining the fuel efficiency and hence CO2 
emissions of the vehicle purchased. In principle, this supports the EU Commission proposal to 
abolish registration taxes in favour of CO2-differentiated circulation taxes. 

A time trend is highly significant across the different models indicating that CO2 emissions 
intensity decreases over time, but that this effect is not accounted for by the other variables in 
the regressions. When the models are reestimated with dummy variables for the period over 
which the voluntary agreement has been in operation, there does not appear to be a 
significant difference in CO2 emissions intensity between the period 1995-1999 and 2000-
2004. 

Future work will expand the model to include data from countries outside the EU. Since all the 
car manufacturers involved in the EU CO2 emissions voluntary agreement operate globally, it 
would be interesting to include in the model the fleet CO2 emissions intensities of countries 
which are not part of the VA, to see whether there is a difference between the CO2 emissions 
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intensity performance of their passenger car fleets and that observed in EU15. This could 
provide further insights regarding the impact of the EU VA on passenger car fleet CO2 
emissions intensity. 
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4.6 Appendix 

Definition of variables 

Variable name Description 

Year year index 

Time (dummy variable for years 2001-2004) * year index 

Engine size sales weighted average engine capacity, petrol + diesel vehicles (cm3) 

Vehicle mass sales weighted average vehicle mass, petrol +diesel (kg) 

Engine power sales weighted average engine power, petrol +diesel (kW) 

Total sales per capita total new petrol and diesel registrations per capita 

Ratio of petrol to diesel 
vehicle sales total sales of new petrol cars/total sales of new diesel cars  

Fuel price  weighted sum of annual average petrol and diesel price (€2000/1000L) 

Fuel price ratio ratio of petrol to diesel fuel price 

Rural population % % of rural population 

Fleet CO2 emissions 
intensity 

annual sales-weighted average petrol and diesel new vehicle CO2 
emissions, g/km 

Interest rate real interest rates (%) 

GNI per capita gross national income constant 2000 per capita (€2000/capita) 

ACT petrol average petrol vehicle annual circulation tax 

ACT diesel average diesel vehicle annual circulation tax 

RT petrol average registration tax for petrol vehicles (€2000) 

R diesel average registration tax for diesel vehicles (€2000) 

Petrol vehicle price petrol vehicle price incl. VAT (€2000) 

Population density population density (people per sq. km) 

 
 
 



 78

CHAPTER 5 ROLE OF VOLUNTARY ACTION IN FACILITATING ASSESSMENT, 
MONITORING, AND RESPONSE IN REGARD TO GREENHOUSE GAS EMISSIONS 
 
5.1 Introduction 
 This paper analyses data on 106 Irish installations included in the European Union 
Emissions trading scheme (EUETS) to assess whether the participation in voluntary schemes, 
notably ISO 14001, ISO 9001 and the Large Industry Energy Network (LIEN), and in a 
mandatory regulatory ‘command and control’ scheme, namely the Integrated Pollution 
Prevention and Control (IPPC) scheme, enhance the effectiveness of assessment, monitoring 
and reporting of greenhouse gas emissions. The paper compares the performance of the 
companies in the different schemes in terms of these key requirements for the creation of an 
emissions trading scheme. In addition, the procedures adopted by these companies are 
identified to find the most effective procedures for the management of greenhouse gas in 
EUETS.   
 Under the provisions of the Kyoto Protocol to the Climate Change Convention, the 
European Union (EU) introduced from January 1, 2005 an emissions trading scheme that 
applies to all 25 Member States, including those who joined in May 2004. The scheme will 
operate in a number of distinct phases with the first “pilot phase” running for three years 
(2005-2007).  
 As a member of the EU, Ireland faces the difficult challenge of complying with the 
target for greenhouse gas emission reductions specified in its National Allocation Plan. In this 
pilot phase there are 106 installations (~60 companies) included in the scheme.68 These 
companies must establish independently validated and certified estimates of their greenhouse 
gas emissions for each installation. Applications for Greenhouse Gases (GHG) Permits 
including estimates of CO2 consumption for 2002 and 2003 were submitted, and the 
subsequent verification of these data by site inspectors from the Irish Environmental 
Protection Agency took place during the first months of 2005.69  
 OECD (2003) has categorized three ways that voluntary approaches can be 
integrated with an emissions trading system: (i) the adherence to the tradable permit system 
can be voluntary; (ii) tradable permits can be used as a means of allocating responsibilities 
within an industry-wide negotiated agreement; and (iii) emission reductions agreed to under 
voluntary agreements can be used as a means to allocate permits in a grandfathered tradable 
permit scheme.  
 In this paper, we look at a new linkage between voluntary approaches and emission 
trading systems, suggested by the Monitoring and Reporting Guidelines, chapter 7, issued by 
the European Commission (COM 2004/156/EC), which must be used by operators when 
monitoring and reporting emissions.  
 “The operator shall establish, document, implement and maintain an effective data 
management system for the monitoring and reporting of greenhouse gas emissions in 
accordance with these guidelines. The operator shall put in place this data management 
system before the start of the reporting period, in order that all data is recorded and controlled 
appropriately in preparation for verification. […] The required quality assurance and control 
procedures may be implemented in the context of the EU EcoManagement and audit scheme 
(EMAS) or other environmental management systems, including ISO 14001:1996 
(‘Environmental management systems — Specification with guidance for use’).” 
 
 ISO 14001 and ISO 9001 are voluntary schemes famous for requiring environment 
and quality management systems. They do not cover explicitly the management of CO2 
emissions, but, as recognized by the Commission, EUETS could use these schemes to 
facilitate the data management of greenhouse gas emission. This is the hypothesis that we 
test in this paper. 
 Babakri et al (2004) found that companies’ recycling performance is significantly 
positively affected by certification, and that earlier certified companies experience better 
recycling performance than more recently certified companies. In this paper we look at 
whether ISO 14001, ISO 9001 certification and participation in other voluntary (LIEN), and 

                                                 
68 For the period 2005-2007, trading is confined to carbon dioxide (CO2) emissions from combustion installations with a rated thermal 
input in excess of 20 MW (except municipal or hazardous waste incinerators), oil refineries, production and processing of ferrous 
metals, manufacture of cement (capacity > 500 tonnes/day), manufacture of lime (capacity > 50 tonnes/day), ceramics including brick, 
glass, and pulp, paper and board (>20 tonnes per day). 
69 Further to the granting of GHG Permits, if the inspectors request data corrections to existing GHG Permits, the applicant must 
submit a Greenhouse Gas Emissions Permit Data Amendment Form (Directive 2003/87/EC – IRL ETS 005/01). 
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mandatory schemes (IPPC) positively affect the assessment, monitoring and reporting of CO2 
emissions required by an emission trading system.  
 The rest of the paper proceeds as follows; Section 2 describes the schemes analysed 
in the paper (the voluntary ISO 14001, ISO 9001 and LIEN, and the mandatory IPPC). 
Section 3 examines the effectiveness of the different schemes on the management of CO2 
emissions in the context of EUETS by comparing (i) the differences between reported and 
verified CO2 emissions and (ii) the extent to which amendments in emission estimates were 
needed by the companies certified with ISO 14001, ISO 9001, LIEN, and IPPC. It also looks 
at whether companies behaved strategically, over reporting emissions to make the case for 
more allowances. Section 4 identifies different procedures for managing greenhouse gas 
emissions required within ISO 14001, ISO 9001 and LIEN companies and compares them 
with those of IPPC companies. Section 5 concludes. 
 
5.2 Description of Schemes 
 ISO 14001  
ISO 14001 is an international standard for environmental management systems (EMS), 
produced by the International Organization for Standardization worldwide federation of 
national standards bodies (ISO member bodies). It is based on a methodology known as 
Plan-Do-Check-Act for continuous improvement in environmental management towards the 
goal of sustainability:  
-  Plan: establish the objectives and processes necessary to deliver results in accordance with 
the organization’s environmental policy. 
-  Do: implement the process. 
-  Check: monitor and measure processes against environmental policy, objectives, targets, 
legal and other requirements, and report the results. 
-  Act: take action to continually improve performance of the environmental management 
system. 
  This certification is spreading under the influence of international trade, as some 
companies and local authorities need it as a condition for contracts. In Ireland 218 companies 
have achieved the ISO 14001 standard.  
 ISO 14001 does not explicitly include procedures for the management of greenhouse 
gas emissions within EUETS. However, organizations under the ISO 14001 system must 
manage all significant environmental aspects of their activities and calculate their levels of 
environmental impacts. For many companies CO2 emissions is one of the main environmental 
challenges.  Specifically, ISO 14001 requires documentation of environmental 
management system procedures, control of documents for environmental systems, 
monitoring and measurement of significant environmental impacts, evaluation of compliance, 
non-conformity, corrective action and preventive action, and control of records. We would 
thus expect that companies under this scheme address the requirements of EUETS regarding 
CO2 and other greenhouse gas emission appropriately.  
 ISO9001  
   ISO 9001 is an international standard for quality management systems (QMS), 
produced, as ISO 14001, by ISO member bodies and based on the Plan-Do-Check-Act 
methodology. In addition, it requires a process approach by which participating organizations 
must understand the impact of each procedure on their processes.  
 This voluntary scheme has also spread under the influence of international markets. 
Many companies and local authorities demand this certification as a condition for contracts to 
ensure product quality and customers’ satisfaction, and, in particular, many companies in 
developing counties need it as a passport to export their products. In Ireland, 1132 companies 
have achieved the ISO 9001:2000 standard. 
 ISO 9001 is a quality management system, so it does not incorporate direct reduction 
or management of greenhouse gas emission in its requirements. It requires, however, many 
procedures which are de facto essential for the implementation of the emission trading 
scheme. For example, it requires documentation on the management of all the processes of 
the organization; control of monitoring and measuring devices; and monitoring, measurement, 
analysis and improvement of processes. Thus, again, we would expect that companies under 
this scheme will satisfactorily fulfil the requirements of EUETS.  
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Large Industry Energy Network (LIEN) 
 Voluntary agreements are becoming a very popular environmental policy tool. Many 
firms join them to reduce the environmental impacts of their activities (for an overview see, 
e.g. Carraro and Leveque 1999; De Clercq, 2002; or OECD, 2003). In Ireland, LIEN is an 
example of such agreement, operated by Sustainable Energy Ireland (SEI), comprising the 
largest industrial energy consumers (81 companies with an annual energy bill over € 1 million, 
with an average bill around € 4 million).70  
 One of the objectives of LIEN is to ensure environmentally sustainable energy 
production and consumption. This objective is implemented through numerous energy-
management initiatives to achieve a progressive reduction in energy intensity and related 
emissions of member companies. 
 Unlike ISO 14001 and ISO 9001, this scheme is not based on a Plan-Do-Check-Act 
methodology, and companies participating in LIEN are not responsible for all the aspects in 
the management of greenhouse gas emissions. For example, companies do not have to 
calculate energy efficiency and CO2 consumption, or keep records for greenhouse gas 
emissions. LIEN does it for them. In addition, LIEN does the checking and prepares an annual 
report including the company’s relevant activities and performance in energy consumption. 
 IPPC (Integrated Pollution Prevention and Control)  
 IPPC is a mandatory scheme based on Directive 96/61/EC, aiming at improving 
environmental performance at industrial sites by requiring certain commercial and industrial 
organizations to obtain a licence to continue their activities. The number of IPPC licences in 
Ireland in 2005 was 623 (EPA 2005).  
 The IPPC system requires companies to submit an Annual Environmental Report 
open and accessible to the public. The report must include the company’s organisation chart 
for environmental management, as well as the company’s environmental policy (where 
available). Inclusion of estimates of greenhouse gas emissions is suggested.  
 Table 5.1 shows the number of Irish installations included in EUETS who participate 
in ISO 14001, ISO 9001, LIEN and IPPC schemes. 71  Many EUETS companies have 
experience with voluntary schemes. The number of companies with any voluntary scheme is 
76 (71.7% of the total). Table 5.1 shows that 41.5% of EUETS companies belongs to more 
than one voluntary scheme. Of all the EUETS companies, 79 (74.5%) participate in the 
mandatory IPPC scheme. 
 

                                                 
70 These companies account for around 40% of the total annual industry energy expenditure in Ireland, or €300m per annum (SEI, 
2005). 
71 Data on ISO 14001 and ISO 9001 accreditation comes from Sections 7.2 and 7.3 of the Monitoring and Reporting Proposal 
Pursuant to Directive 2003/87/EC (IRL ETS 003/1). Data on LIEN participation was obtained from SEI website (http://www.irish-
energy.ie/content/content.asp?section_id=742) and interviews to LIEN. Data on IPCC licensing was obtained from the Environmental 
Protection Agency website (www.epa.ie) and the Greenhouse Gas Emissions Permit Application Form for New Entrants (IRL ETS 
001/2). 
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TABLE 5.1 PARTICIPATION IN VOLUNTARY SCHEMES AND IPPC 
 

 
Number of 
observations % 

NO participation 14 13.20% 
LIEN only 0 0.00% 
ISO9001only 4 3.80% 
ISO14001only 2 1.90% 
LIEN+ISO9001+ISO14001 1 0.90% 
LIEN+ISO9001 1 0.90% 
LIEN+ISO14001 0 0.00% 
ISO9000+ISO14001 11 10.40% 
IPPC only 16 15.10% 
LIEN+IPPC 7 6.60% 
ISO9001+IPPC 15 14.20% 
ISO14001+IPPC 11 10.40% 
LIEN+ISO9001+ISO14001+IPPC 10 9.40% 
LIEN+ISO9001+IPPC 4 3.80% 
LIEN+ISO14001+IPPC 5 4.70% 
ISO9000+ISO14001+IPPC 5 4.70% 
Total 106 100% 

 
 
5.3 Effectiveness on Greenhouse Gas Emission Management and Voluntary Schemes  
 Pursuant to Directive 2003/87/EC, companies participating in the pilot phase of 
EUETS in Ireland had to apply for GHG Permits. The application (IRL ETS 001/2) required an 
estimate of CO2 consumption for 2002 and 2003. Inspectors from the EPA verified the 
estimates provided by companies. In order to examine whether companies who participate in 
voluntary schemes (ISO14001, ISO9000 or LIEN) have better procedures for the estimation 
of emissions than companies who do not participate in such schemes, we can compare the 
differences between the CO2 emissions estimates in the application forms submitted by the 
companies and the subsequent verification reports by EPA inspectors. Table 4.2 contains 
descriptive statistics for the CO2 emissions for 2002 and 2003 reported by the installations 
(APPLI), and the estimates of CO2 consumption provided by external verifiers (VERIF). Both 
are available to the public in paper format from the EPA. 
 According to our hypothesis, the gap between reported and verified emissions is 
smaller for companies within a voluntary scheme. As positive and negative deviations tend to 
cancel out and we are interested in comparing the magnitude of the deviations across groups 
of firms (those who belong to a particular scheme vs. those who do not), we computed the 
absolute value of the difference between reported and verified emissions.72 In addition, as 
companies differ in size we normalized these deviations dividing them by verified CO2 
emissions. Descriptive statistics for the resulting variable (GAP) for 2002 and 2003 are 
presented in Table 5.2. 
 

                                                 
72 One could argue that we are interested in the magnitude of the deviations but also in the direction of the gaps. Companies who 
believe that future allowances will be determined by historic emissions may act strategically and over report emissions to get more 
allowances. We address the possibility of this strategic behaviour below. 
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TABLE 5.2. CO2 EMISSIONS REPORTED AND VERIFIED DATA – DESCRIPTIVE STATISTICS 
 
Year Variable N Mean Std. dev. Maximum Minimum 

2002 APPLIC (tonnes) 99 209468 690138 5905459 85 
 VERIF (tonnes) 99 209600 686200 5846251 30 
 GAP (%) 98 0.1166 0.3068 2.8461 0.0008 

2003 APPLIC (tonnes) 102 205439 636928 5495000 0 
 VERIF (tonnes) 100 204861 632465 5430607 26 
 GAP (%) 99 0.1008 0.1777 1.2259 0.0008 

Notes: GAP (%) = (VERIF-APPLIC)/VERIF 
 
  
 Table 5.3 shows the result of t-tests comparing the magnitude of the percentage 
deviations between reported and verified CO2 emissions (GAP) across groups of firms. The 
first 3 columns evaluate whether firms belonging to any voluntary scheme (ISO 14001, and/or 
ISO 9001, and/or LIEN) estimate their emissions more accurately than the rest of the firms. 
The rest of the table evaluates the performance of each individual voluntary agreement.  
 Table 5.3 consistently shows that accuracy is higher (average gaps are smaller) for 
firms within voluntary schemes. But differences in accuracy are not statistically significant 
between firms within/out of LIEN, and, in 2002, between firms within/out of ISO 9001. Across 
all the groups, average gaps for 2003 emissions are smaller than those for 2002, but the 
difference is significant only for the group of firms within any voluntary scheme. 
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TABLE 5.3. AVERAGE OF GAPS AND T-TEST FOR DIFFERENCE OF MEANS ACROSS GROUPS 
(VOLUNTARY SCHEMES) 
 

Any VA ISO 14001 ISO 9001 LIEN 

 VA No 
VA t ISO 

14001
No ISO
14001 t ISO 

9001
No ISO
9001 t LIEN 

 
No 

LIEN t 

0.13 0.20 0.89 0.07 0.15 1.50* 0.09 0.14 0.73 0.10 0.12 0.312002 
 (0.35) (0.57)  (0.05) (0.40)  (0.13) (0.41)  (0.14) (0.35)  

0.07 0.18 1.74** 0.06 0.13 2.16** 0.07 0.13 1.80** 0.08 0.11 0.662003 
 (0.10) (0.30)  (0.05) (0.23)  (0.08) (0.23)  (0.13) (0.20)  
t -1.33* -0.10  -0.76 -0.36  -1.19 -0.11  -0.57 -0.32  

Notes: One-sided t-test for the difference between the means of emissions gaps across 
groups.  Standard deviations are in parenthesis. *, ** denote means across groups are 
statistically different at 10% and 5% significance levels, respectively. 
 
  
 The results in Table 5.3 stand in stark contrast with those of Table 5.4. IPPC 
companies report statistically higher gaps than those who do not belong to this mandatory 
scheme.  Again, accuracy in 2003 is higher than in 2002 but the difference is not significant. 
 
TABLE 5.4 AVERAGE OF GAPS AND T-TEST FOR DIFFERENCE OF MEANS ACROSS GROUPS 
(MANDATORY SCHEME) 
 

IPPC  
 
IPPC 
 

 
No  
IPPC 

 
t 
 

2002 0.13 0.08 -1.43* 
 (0.35) (0.11)  
2003 0.11 0.07 -1.46* 
 (0.20) (0.07)  
t -0.41 -0.40  
Notes: See notes to Table 4.3 
 
  
 CO2 emissions in 2002 and 2003 were the baseline on which the initial allocation of 
permits in the pilot phase is based. In the absence of verification, companies would have an 
incentive to act strategically and report higher emissions to obtain more permits. In order to 
check whether this strategic behaviour exists and varies across firms varies depending on 
whether they belong to a voluntary or mandatory scheme or not (it could be argued that firms 
within a voluntary scheme are more aware of the implications of their processes and of the 
political context in which they take place), we compared the proportions of companies for 
which the gap VERIF-APPLI is positive across groups. If applicants within a voluntary 
(mandatory) scheme try to get more allowances in the next year, this proportion should be 
smaller than for applicants outside the scheme.  
 Tables 5.5 and 5.6 show the proportions of firms which underestimated their 
emissions (i.e. the percentage of firms for which verified emissions are larger than reported 
emissions, VERIF-APPLI>0). The proportions are in most of the cases larger than 60%, 
indicating that, overall, firms in our sample do not tend to act strategically and rather 
underreport their emissions. Contrary to our hypothesis, proportions of underreporting firms 
are higher among ISO 14001 and ISO 9001 companies, although the differences are not 
statistically significant. Conversely, LIEN and IPPC firms have a lower proportion of 
underreporting than non-LIEN or non-IPPC firms, but again, the differences are not significant. 
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TABLE 5.5. PROPORTION OF FIRMS WHICH UNDERREPORT EMISSIONS (VERIF-APPLI>0) AND Z-TEST 
FOR DIFFERENCE OF PROPORTIONS ACROSS GROUPS (VOLUNTARY SCHEMES) 
 

Any VA ISO 14001 ISO 9001 LIEN 

 VA No 
VA z ISO 

14001
No ISO 
14001 z ISO 

9001
No ISO 
9001 z LIEN No 

LIEN z 

2002 0.69 0.54 -1.32* 0.72 0.60 -1.25 0.65 0.65 0.00 0.59 0.68 0.78
2003 0.72 0.63 -0.88 0.73 0.67 -0.59 0.70 0.69 -0.07 0.67 0.71 0.40
z 0.07 0.79  0.07 0.79  0.50 0.43  0.56 0.42  

Notes: One-sided z-test for the difference between the proportions of underreporting across 
groups.  *, ** denote proportions of underreporting firms across groups are statistically different 
at 5% and 10% significance levels, respectively. 
 
TABLE 5.6. PROPORTION OF FIRMS WHICH UNDERREPORT EMISSIONS (VERIF-APPLI>0) AND Z-TEST 
FOR DIFFERENCE OF PROPORTIONS ACROSS GROUPS (MANDATORY SCHEME) 
 
 IPPC 

 IPPC 
No 
IPPC z 

2002 0.64 0.69 0.49 
2003 0.67 0.77 0.93 
z 0.41 1.12  

Notes: see notes to Table 4.5. 
 
  
 Another dimension along which we can compare the performance of firms regarding 
management of greenhouse gas emissions is the need for amendment of reported CO2 
emissions. Some installations were required to amend their greenhouse gas emission data, 
and submit a Greenhouse Gas Emissions Permit Data Amendment Form after inspection. 
The submission of such amendment implies inadequate understanding of their greenhouse 
gas emissions. Table 5.7, for voluntary schemes, and Table 4.8, for the mandatory IPPC, 
compare the proportions of firms who needed to submit an amendment form for their 2002 
and 2003 emissions across groups.    
 If the companies with voluntary schemes have better estimates of their greenhouse 
gas emissions, the proportion of companies requiring amendment within those groups would 
be smaller than for companies who are not in a voluntary scheme. Results from z-tests reveal 
that, although for ISO 14001 and ISO 9001 the proportions of amendments are lower, the 
differences are not statistically significant. However, installations within the mandatory IPPC 
scheme, in Table 5.8, tend to require more amendments, and thus, show a worse 
management of emissions, than non-IPPC installations, at a 10% significance level.  
 
TABLE 5.7. PROPORTION OF FIRMS REQUIRED TO AMEND EMISSIONS REPORTS AND Z-TEST FOR 
DIFFERENCE OF PROPORTIONS ACROSS GROUPS (VOLUNTARY SCHEMES) 
 

Any VA ISO 14001 ISO 9001  LIEN 

 VA No VA z 
ISO 
14001

No ISO 
14001 z 

ISO 
9001 

No ISO 
9001 z LIEN 

No 
LIEN z 

2002 0.45 0.44 -0.12 0.41 0.48 0.73 0.44 0.44 0.00 0.50 0.43 -0.63 
2003 0.46 0.46 0.01 0.40 0.51 1.09 0.45 0.47 0.20 0.50 0.45 -0.49 
z 0.09 0.15  -0.09 0.28  0.11 0.31  0.00 0.19  

Notes: One-sided z-test for the difference between the proportions of firms requiring 
amendment across groups.  *, ** denote difference is statistically significant at 5% and 10% 
significance levels, respectively. 
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TABLE 5.8. PROPORTION OF FIRMS REQUIRED TO AMEND EMISSIONS REPORTS AND Z-TEST FOR 
DIFFERENCE OF PROPORTIONS ACROSS GROUPS (MANDATORY SCHEME) 
 

IPPC 
 IPPC No IPPC z 
2002 0.49 0.35 -1.24 
2003 0.51 0.33 -1.55* 
z 0.25 -0.10  

Notes: See notes to Table 7 
 
 
5.4 Management Procedures and voluntary schemes 
 
 Greenhouse gas emission control requires that companies have the appropriate 
procedures in place. Section 7 in the Application Form submitted by companies (IRL ETS 
003/1) questioned firms about the implementation of the management procedures described 
in Table 5.9 below, which are regarded as indicative of appropriate management of 
greenhouse gas emissions.  
 
TABLE 5.9. MANAGEMENT PROCEDURES FOR EUETS FIRMS 
 
Variable Definition N1 N2 % 
M1 
 

Procedure(s) to identify greenhouse gas sources covered 
by the Directive 106 59 55.7 

M2 Sequence and interaction of monitoring and reporting 93 40 43 
M3 Responsibilities and competence 103 57 55.3 
M4 Calculation or measurement methods 103 43 41.7 
M5 
 

Maintenance and calibration of measurement equipment 
used  104 44 42.3 

M6 Reporting and record keeping 79 45 60 
M7 
 Internal reviews of reported data and of the quality system 102 41 40.2 
M8 Corrective and preventive action 103 45 43.7 
M9 
 Data management, quality assurance and control process 98 46 46.9 

Notes: N1 is the number of the companies which responded the relevant section on the 
implementation of these procedures in the application form (IRL ETS 003/1). N2 is the 
number of companies who have the described management procedures. % = N1/N2. 
 
 
 In order to check whether the implementation of such procedures varies according to 
a pattern across schemes, we compared the proportion of companies with a particular 
procedure between groups. The results of such comparison are presented in Table 5.10. The 
percentage of companies who have M4 procedure is statistically higher in the group of 
companies within any scheme (voluntary or mandatory) than in those not belonging to a 
scheme. Table 5.10 also shows a higher proportion of companies with procedures M2-M9 in 
the group of companies with ISO9001. 
 
TABLE 5.10. COMPARISON OF MANAGEMENT PROCEDURES ACROSS SCHEMES 
 
 M1 M2 M3 M4 M5 M6 M7 M8  M9 
ISO 14001 .. .. .. XXX .. .. .. .. .. 
ISO 9001 .. XX XXX XX XXX X XX XXX XXX 
LIEN .. .. .. XX .. .. .. .. .. 
IPPC .. .. .. XXX .. .. .. .. .. 

Notes: X, XX, XXX: significant at 10%, 5% , and 1% levels, respectively. 
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5.5 Discussion and concluding remarks  
 This paper has analysed if the participation of companies in voluntary vis-à-vis 
mandatory industry approaches enhances the effectiveness of assessment, monitoring and 
reporting of greenhouse gas emissions, required by an emissions trading scheme.   
 We used publicly available data on management of greenhouse gases emissions 
from the Application Forms for GHG Permits (IRL ETS 001/2) as well as the status of 
participation in the voluntary schemes ISO 14001, ISO 9001 and LIEN, and in the mandatory 
IPPC scheme for 106 Irish installations included in EUETS. 
 Our results indicate that firms certified by ISO 14001 and ISO 9001 estimate their 
CO2 emissions more accurately (the gap between externally verified and self-reported 
emissions is smaller) than firms who do not participate in these voluntary schemes. This 
result is not surprising given the Plan-Do-Check-Act methodology for continuous 
environmental and quality management improvements of these schemes and their strict 
requirements concerning documentation, monitoring, and measurement of processes. On the 
other extreme, IPPC companies show statistically higher gaps between reported and verified 
CO2 emissions than those companies who do not belong to this mandatory scheme. 
Furthermore, the proportion of IPPC companies who needed to submit a Greenhouse Gas 
Emissions Permit Data Amendment Form after inspection of their 2003 CO2 emissions is 
higher than between non-IPPC installations.  
 Overall, the data do not show evidence of strategic behaviour by which installations 
would over report their emissions to obtain more permits. On the contrary, firms tend to 
underreport their CO2 emissions and there are not significant differences across schemes. 
Directive 2003/87/EC is clear in its requirement of independently validated and certified 
estimates of greenhouse gas emissions for each installation. A strategy of over reporting is 
only justified in the absence of external inspection. 
 In terms of the specific procedures for the management of greenhouse gases in 
EUETS, companies within any scheme (voluntary of mandatory) tend to have calculation or 
measurement methods in place (procedure M4). Among companies participating in voluntary 
schemes, ISO9001 companies tend to have more procedures. However, it is not obvious from 
the data which are the key procedures to effectively manage greenhouse gas emission data.   
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