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EXECUTIVE SUMMARY 

A. Objectives of this Report 

This report is intended to provide background to assist Member States and the European 

Commission (“Commission”) in determining the allocation mechanism to use in conjunction 

with the Commission’s proposed emissions trading programme for carbon dioxide (“CO2”) and 

other greenhouse gases (“GHGs”). The Commission in October 2001 adopted a major package 

of initiatives to combat climate change. This package includes a proposed Directive on GHG 

emission trading (“proposed Directive”) as well as a proposal for the EC to ratify the Kyoto 

Protocol and a Communication setting out further methods for reducing greenhouse gas 

emissions beyond the Directive on emissions trading.  

The proposed Directive provides the structure for an internal European Union (“EU”) 

trading programme. As noted by the Commission, emissions trading will reduce the cost of 

emission reductions by encouraging these reductions to be made where they are least costly, 

while at the same time achieving a pre-determined emission reduction from the activities 

covered by the trading programme. The proposed Directive is designed to provide a EU-wide 

cap-and-trade market for GHG emissions at various “downstream” plant-level sources that is 

free of distortions that might arise from separate Member State emissions trading schemes.  

An important element left to Member States (with approval by the Commission) is the 

initial allocation of allowances (i.e., rights to emit a tonne of CO2
 or other GHG). Initial 

allocations provide the starting points for cost-reducing trades among facilities covered by the 

cap-and-trade programme. Setting the initial allocation typically has been one of the most 

contentious issues in developing a workable cap-and-trade programme. Based on the results of 

a recent study conducted for the Commission to assess the costs of reducing greenhouse gas 

emissions, the total value of the allowances covered by the programme would be nearly €30 

billion annually (substantially greater than the estimated control costs of €3.7 billion – €7.5 

billion). How these allowances are distributed initially is likely to be a matter of considerable 

concern to the affected parties. In addition, the mechanism used to set the initial allocation can 

affect the efficiency of trading – as well as the impacts on various segments of society – and 

thus the overall costs of achieving the emissions cap. 
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This report provides descriptions and evaluations of alternative mechanisms for initial 

allocation of allowances. Although many studies have considered initial allocation alternatives, 

no report provides a comprehensive assessment applied to GHG emission trading in Europe. 

Moreover, no report addresses the empirical issues involved in actually implementing a plant-

level allocation scheme in the EU. The empirical dimension is critical because theoretical 

alternatives may not be available in practice due to lack of the necessary data.  

The report has the following specific objectives: 

•  Provide a typology of alternative initial allocation mechanisms. 

•  Describe the allocation mechanisms that have been used in previous emissions trading 
programmes. 

•  Develop criteria for evaluating alternative mechanisms. 

•  Evaluate the alternative mechanisms in light of these criteria. 

•  Develop plant-level data that allow one to simulate various initial allocation alternatives 
and thus shed light on key empirical issues, including feasibility and sector- and plant-
level effects. 

•  Provide an overview of major conclusions and implications. 

B. Typology of Allocation Alternatives 

It is useful to distinguish the following three basic alternatives for initially allocating 

allowances: 

1. Auction. This alternative would involve the Member State auctioning the allowances 
initially. 

2. Grandfather. Under this alternative, allocations would be provided to sources based 
upon historical information. For example, allocations could be based upon average 
emission levels in the 1997-2000 period. 

3. Update. This alternative involves allocating to sources based upon information that is 
updated over time. For example, allocations in 2005 might be based upon activity in 
2004, allocations in 2006 based upon 2005 activity, and so on. 

Within the second and third categories, there are many additional choices. There are 

three basic metrics for the allocations: (1) input-based (e.g., kilojoules of fuel input); (2) 
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output-based (e.g., kilowatt-hours of electricity production); and (3) emission-based (e.g., 

tonnes of CO2 emissions). There also are choices regarding the years to use for the allocations 

(e.g., average of recent years, maximum value within recent years) and which sources receive 

allocations (e.g., only sources regulated under the cap, excluding nuclear generation units and 

other non-emitting sources). For the emission-based allocations, one could consider whether to 

use “direct” emissions (i.e., emissions directly from each facility) or the sum of direct and 

“indirect” emissions, which would include estimated emissions from the electricity and heat 

used at the facility as well. 

It also would be possible to combine the various approaches. One possibility that has 

been discussed is to begin with grandfathered allocations and then transition to an auction until 

at some later point all allocations would be auctioned. 

C. Initial Allocations Under Existing and Proposed Programmes 

Table ES-1 summarises the mechanisms used to allocate allowances initially under 

major existing and proposed cap-and-trade programmes. These programmes include existing 

programmes for ozone-depleting substances (“ODS”), sulphur dioxide (“SO2”), and nitrogen 

oxides (“NOX”) as well as three proposed programmes for CO2.  

Most of these programmes use the grandfather approach, although some of the recent 

NOx programmes use updating. Except for a small auction in the U.S. SO2 programme 

(representing 2.8 percent of overall allowances), there are no examples thus far in which an 

auction has been used to allocate allowances. Auctions have been proposed, however, as 

elements of the allocation mechanism for the three European CO2 programmes. 

There is considerable diversity in the metric used for allocation—including input-based, 

output-based and emission-based metrics—although the CO2 proposals all use emissions as the 

metric. Only the UK CO2 programme attempts to account for indirect emissions. The years 

used in the grandfathering systems vary considerably, from a single year, to a multi-year 

average, to the maximum value over a multi-year period. 
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Table ES-1. Allocations Under Existing and Proposed Programmes 
 
 

Programme Method  Metric(s)  Allocation 
Year 

Recipients Notes 

 A G U  I P E     

U.S. ODS Phase-out  �    � �  1 year Existing emitters in covered sectors. Production and emissions are 
effectively the same. 

U.S. SO2  � �   �    3-year average Existing emitters in covered sectors. 
Set-aside for efficiency & renewables 

 

   
California RECLAIM 
(SO2 and NOX) 

 �    � (�)  Max out of 4 
years 

Existing emitters in covered sectors. 
Additional credit allocations for early 
action. 

Detailed activity-level allocations 
by facility type approximate 
average facility-type emissions. 

U.S. OTC NOX  �     �  1 year States covered under OTC.   

Massachusetts OTC NOX   �  �  (�)   2-year max out 
of 3, 6 years ago

Existing emitters in covered sectors. 
Set-aside for efficiency & renewables. 

Updated every year. 

Other State OTC NOX  � �  � � �  Vary Various.  

U.S. SIP Call NOX    �  �    2-year max out 
of 5 

Existing emitters in covered sectors. 
Set-aside for early action. 

Updated every five years. 

Denmark CO2 (�) �     �  5-year average Existing emitters in covered sectors. 
Set-aside for non-participating sources. 

 

UK CO2 (�) (�)     �  3-year average Participating firms.  

Norway CO2 � (�)     �  Not set Winning bidders or existing emitters in 
covered sectors. 

 

Notes: A=Auction, G=Grandfather, U=Update; I=Input-based, P=Production-based, E=Emissions-based. 
  

n
/e

/r/a
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Many of the existing programmes include additional allocations to particular sources. 

Additional credits are sometimes provided for “early action,” (i.e., emission reductions before 

the cap-and-trade programme comes into force, but after base allocations have been set), for 

energy efficiency projects, or for new renewable facilities. 

D. Criteria for Evaluating Alternative Allocation Approaches 

We divide criteria for evaluating alternative approaches into two basic categories. The 

first category relates to efficiency criteria, notably the minimisation of overall compliance 

costs, but also including the interactions between the initial allocation mechanism and the 

efficiency of related markets or the overall economy. The second category addresses 

distributional criteria, including impacts on sectors, on segments within sectors (e.g., producers, 

consumers) and other distribution-based criteria. The following is the list of specific criteria: 

1. Efficiency considerations and interactions 

•  Allowance or emissions market efficiency. This criterion relates to the overall cost of 
meeting the cap. Does the mechanism encourage the minimisation of the overall costs 
of control to meet the cap? Are administrative costs likely to be substantial and thus 
compromise the cost savings from trading? Would transaction costs be increased by the 
allocation mechanism? 

•  Product market distortions. This criterion relates to effects due to existing or induced 
inefficiencies in product markets (e.g., regulated electricity markets that base prices on 
average costs rather than marginal costs) and the possibility that these inefficiencies 
would compromise the cost-savings from emission trading.  This category also includes 
product market inefficiencies induced by the initial allocation mechanism, such as 
concerns that grandfathered allocations would distort trade among Member States. 

•  Tax distortions. This criterion relates to the inefficiencies in the tax system (e.g., 
distortions in the choice between work and leisure due to the income tax) and the 
possibility that auction revenues would allow these distortions to be reduced. 

2. Distributional considerations 

•  Controlled sector burdens. This criterion relates to the overall impacts on the sectors 
controlled under the cap-and-trade programme. The key distinction here is between 
methods that allocate allowances initially to these sectors, on the one hand, and the 
auction method, which would require all allowances to be purchased, on the other hand. 



 
 Executive Summary ES-6  
 

 n/e/r/a 
Consulting Economists 

 

•  Burdens and benefits to major segments of the economy, including producers, 
consumers, and taxpayers.  This criterion involves assessing the effects of the initial 
allocation mechanism on product markets as well as on government tax revenues. One 
issue involves assessing the extent to which owners of existing plants—who bear what 
might be termed “stranded costs” as a result of a new requirement to reduce CO2 
emissions—would be compensated for the costs they bear. Another issue concerns the 
effects of the allocation approach on product prices (and thus on the costs borne by 
consumers rather than producers). Also included here would be a consideration of how 
plants or firms that have undertaken “early action” to reduce emissions are affected. 

These criteria can be used to evaluate alternative initial distribution approaches at a 

qualitative level, without the need for empirical information. In addition, the empirical 

investigations allow us to consider several other criteria among different Member States: 

•  Feasibility. This criterion relates to whether the data to implement a particular approach 
are (or would be) available and whether proxies are likely to be accurate. 

•  Relative sector effects. This criterion relates to the relative gains or losses to various 
sectors under alternative allocation mechanisms. 

•  Relative plant effects. This criterion relates to the relative gains or losses to individual 
plants under alternative allocation mechanisms.   

E. Qualitative Evaluations of Alternative Allocation Options  

Table ES-2 summarises our qualitative evaluations of alternative allocation approaches. 

The table includes circles that provide a five-level ranking from best (solid black) to worst 

(solid white) along the various criteria. 

The following are conclusions from these evaluations. 

1. Evaluations Based on Efficiency Criteria 

•  With regard to efficiency criteria, auctions and grandfathering provide the best incentives 
to minimise compliance costs—that is, they both encourage efficiency in the allowance 
market—assuming that the allowance market is competitive and that there are no pre-
existing distortions in the product market.  

•  The choice of auctions or grandfathering would not change the impacts of trading on 
product markets or create distortions between Member States. Although firms would be 
allocated allowances initially under grandfathering, the “opportunity cost” of the 
allowances (i.e., the fact that the allowance can be sold) means that the costs of 
emissions are reflected appropriately in product market prices under either alternative. 



 

 

Table ES-2. Comparison of Initial Allocation Alternatives 
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•  If the product market were distorted by pre-existing policies—for example, if electricity 
prices were determined by cost-of service ratemaking rather than competitive markets—
the grandfathering approach would not necessarily minimise compliance costs because 
the proper price signals might not be set.  

•  Choosing emissions, input, or production as the metric would not affect the efficiency 
of grandfathering, assuming data are equally available for the various metrics.  

•  Grandfathering based upon direct plus indirect emissions would increase administrative 
costs. Furthermore, if the allocation of allowances for indirect emissions is not 
separated from accountability for indirect emissions, indirect emissions approaches will 
result in a less efficient trading program.  If allocation and accountability are treated 
separately, however, grandfathering based upon direct plus indirect emissions would 
have the same efficiency effects as grandfathering based only upon direct emissions. 

•  Updating is less efficient than either auctioning or grandfathering. The costs of meeting 
the cap would be greater under updating because updating both increases administrative 
costs and skews the market away from some potential low-cost emissions-reduction 
measures. Instead, more expensive measures must be used. In addition, the incentives 
created by updating could distort product market prices and create distortions in trade 
among Member States. 

2. Evaluations Based on Distributional Criteria 

•  The three basic alternatives have very different distributional effects. 

- Auctioning is likely to harm participating sectors and provides no “stranded cost” 
relief to producers, unless revenues are recycled directly to the affected firms.  On 
the other hand, auctions tend to be relatively good for consumers and taxpayers, 
assuming the revenues are recycled in a way that reduces other forms of taxation. 

- Grandfathering helps sectors and provides “stranded cost” relief to producers, but is 
relatively bad for the sectors’ consumers and provides no taxpayer gains. 

- Updating is less attractive to controlled sectors than grandfathering because it leads 
to greater compliance costs and lower price increases than grandfathering.  The 
sector’s consumers could benefit, however, due to the lower price increases.  

•  The three metrics for allocating allowances (input, output, and emissions) have the same 
effects on broad groups (e.g., controlled sectors as a whole). But each metric would lead 
to different relative gains to different sectors and to different facilities within each sector. 

•  Grandfathering based upon direct plus indirect emissions would have adverse 
distributional implications for electricity and heat producers, who would receive smaller 
initial allocations, relative to grandfathering based on direct emissions. 
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•  A hybrid system—for example, beginning with grandfathering and phasing in an 
auction over time—would have distributional effects between the two basic approaches. 

F. Conclusions Based upon Empirical Analyses of Plant-Level 
Data 

The study’s empirical analyses focused on developing plant-level information for three 

of the sectors identified in the proposed Directive: (1) electricity and heat generation; (2) 

cement production; and (3) pulp and paper production. These three sectors represent some 40 

percent of overall CO2 emissions in the EU.  

We explored the feasibility of implementing grandfathering schemes based upon the 

availability of plant-level data for each of these three sectors. (The updating and auctioning 

approaches would not be dependent upon historical data.) This exploration and the data we 

developed allow us to develop conclusions about the availability of plant-level data to 

implement the various grandfathering options.  

The data we developed also allowed us to simulate alternative grandfathering schemes. 

These simulations provide the bases for estimates of the relative gains and losses to particular 

sectors or plants under alternative metrics or methods. 

1. Feasibility of Implementing Specific Allocation Metrics 

The following are major conclusions regarding data availability and the feasibility of 

implementing various grandfathering metrics. 

•  No single EU database currently provides plant-level information that could be used as 
a solid foundation for plant-level allocations across the Member States. Although we 
developed estimates (“proxies”) for plant-level emissions, comparisons between proxies 
and actual data suggest that these proxies are often inaccurate, or at the least that 
additional information would be needed to verify their accuracy.1  

•  Member States differ a great deal in the availability of plant-level data for 
implementation of a grandfathering method. Although some (e.g., Finland) have such 

                                                 
1 The European Pollutant Emissions Register (“EPER”), which is expected to provide the first EU-wide plant-level 

information in 2003 (for 2001 activities), could provide a consistent EU-wide foundation upon which to base an 
allowance allocation.  Note however that the EPER data will only be collected annually beginning in 2008. 
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data for many sectors, most Member States do not currently collect consistent plant-
level data on emissions, fuel inputs and production.  

•  It should be possible for Member States to develop the plant-level information 
necessary for a grandfathering programme by using a combination of EU-wide 
information and data available in the individual Member States, perhaps supplemented 
by confidential (and verified) information from the relevant sources. 

2. Implications for Sectors of Alternative Approaches 

Within each Member State, we developed estimates of the allocations to each of the 

three sectors—electricity and heat, pulp and paper, and cement—under three grandfathering 

metrics: (1) historical emissions; (2) expected emissions under a least-cost trading regime; and 

(3) direct plus indirect emissions, i.e., allocation of some or all of electricity and heat emissions 

to other sectors based upon their consumption. 

These simulations reveal that sectors would fare quite differently under these three 

approaches. The electricity and heat sector of course would have its allocation reduced under 

the direct plus indirect alternative. There are also significant shifts among sectors under the 

other two approaches as well. 

3. Implications for Plants of Alternative Approaches 

We developed estimates of plant-level allocations under four approaches, three based 

upon grandfathering (using emissions, inputs and outputs) and one approach in which an 

auction would be phased in and eventually replace a grandfathering scheme based upon 

emissions. Because of the phase-in option, we developed estimates of the present value to 

individual plants for the allocations over an eight-year period. 

These simulations indicated large variability in the plant-level impacts depending upon 

the allocation mechanism. The implications are generally predictable. In the case of electricity 

generating plants, for example, grandfathering based upon emissions or fuel input provides coal 

plants with more allowances than grandfathering based upon output. The effect of one  

schedule we estimated for the phase-in auction resulted in a reduction of 21 percent in the 

present value of the allowance allocation over the eight-year period relative to the value under 
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the pure grandfathering scheme.  Alternative auction phase-in schedules would raise or lower 

the discounted value. 

G. Concluding Remarks 

This report provides information that Member States can use to begin to develop initial 

allocations for the EU-wide CO2 trading programme provided for in the proposed Directive. 

There are, however, several additional analyses that could be undertaken at the Member State 

level to provide a sound basis for developing a specific allocation mechanism. These additional 

activities include the following. 

•  Development of plant-level data available in the Member State, including the possibility 
of obtaining confidential information from the individual sources. 

•  Development of empirical estimates of potential inefficiencies—and thus increased 
compliance costs—under the grandfathering approach (and, if it is contemplated, the 
updating approach). The most important issues concern the effects of distortions, 
including taxation policy and electricity regulation, on compliance costs and product 
markets. 

•  Development of estimates of the potential “stranded costs” to producers from the 
specific cap, and thus the losses for which producers might reasonably be compensated 
by the initial allocation. 

Development of a sound initial allocation methodology that encourages the cost-saving gains of 

a EU-wide emissions trading programme is an important objective for all Member States. It 

should be possible for Member States to develop methodologies that both preserve the cost-

saving potential of trading and avoid serious adverse distributional impacts. 
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POLICYMAKERS SUMMARY 

 
Steps Involved in Setting Initial Allocations 

 
 

The following is a summary of steps that Member States could use to organise their 
development of initial allocations under a cap-and-trade programme. Although the steps do not 
address every detail, they provide a useful roadmap for key choices; the steps also might be 
useful in organising stakeholder inputs into the process.  
 

1. Decide the share of overall emissions allowed under the Burden Sharing Agreement 
that will be assigned to facilities in the sectors covered by the trading regime. 

 
The share could be determined in various ways: 

•  Historical share of overall emissions from covered sectors in a base year;  
•  Expected share of overall emissions from covered sectors under business-as-usual; 
•  Expected share of overall emissions in the target period under a least cost approach 

(e.g. trading within the Member State, or trading across the EU). 
 

Example: Consider a Member State that will receive a Burden Sharing Assigned 
Amount of 100 million tonnes of CO2.  In 1995 the sectors covered by the trading 
regime in the Member State accounted for 40 percent of total emissions. Under 
business as usual, the sectors’ share of overall emissions in the period 2008 to 2012 is 
expected to average 38 percent of total emissions. Under a cost-effective emissions 
reduction approach the sector would account for an estimated 35 percent of emissions 
during the commitment period 2008 to 2012.  
 
Under the historical emissions criterion, 40 million tonnes would be allocated to 
trading sectors.  (Under the other criteria, trading sectors would receive 38 or 35 
million tonnes, respectively.)  

 
Member States may wish to consider relative trends (e.g. in sector growth) for both 

covered and non-covered sectors, as well as the potential for emissions reductions from these 
two classes of sectors. The more that is allocated to the trading sectors, the more non-covered 
sectors must bear the burden of emissions reductions to achieve overall Member State targets. 
 

2. Decide the fraction of allowances that will be allocated free of charge versus the 
fraction auctioned to the highest bidders (unnecessary for 2005-2007 under the 
current Proposed Directive). 

 
The next decision is how to divide the annual allowances (one allowance equals one 

tonne) between those allocated without charge and those sold at auction. The split could: 

•  Be fixed over the relevant period; 
•  Change over time (presumably on a pre-determined path).  
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Example: The Member State allocates without charge all 40 million allowances during 
2005-2007. In 2008 and thereafter, the share of auctioned allowances would increase 
by 10 percent per year. Thus in 2008, 4 million allowances would be auctioned and 36 
million would be allocated. In 2012 auctioning would amount to 50 percent of the total 
allocation, or 20 million allowances.  

 
3. Decide how to organise the auction and how to use the revenues from auctioning 

(unnecessary for 2005-2007 under the current Proposed Directive).  
 

If some allowances are auctioned, the Member State must set up an auction and determine 
how its revenues will be used. There are many choices related to auction design including: 

•  Sealed-bid (single-round) auction versus multiple-round auction; 
•  Uniform prices versus multiple prices; 
•  Government operation versus private operation.  

 
Auction revenues could be: 

•  “Recycled” back to bidders; 
•  Used to reduce specific taxes (e.g. on labour or on heavily-affected industries); 
•  Put in general revenues.  

 
4. Determine the availability of data to implement potential options for distributing non-

auctioned allowances. 
 

This is an important step as a Member State moves from theory to practice. Allocating 
to sectors and ultimately to individual facilities requires that data be obtained or developed. The 
practical applicability of any particular approach depends upon data being available to 
implement it with sufficient credibility.  

 
It is clear that the nature of the facility-level data differs across Member States; no 

single, publicly available EU-wide database currently provides plant-level information that 
could be used as a single foundation for allocations across all Member States. This is not, 
however, an insurmountable obstacle. It should be possible for all Member States to develop 
the necessary plant-specific information using a combination of EU-wide information and data 
available in the individual Member State, perhaps supplemented by confidential (and verified) 
information from the sources. Indeed, this step represents an important collaborative process 
between government and private sectors. 

 
5. Determine the specific initial allocations of the non-auctioned allowances to each 

sector and to individual facilities. 
 
 a. Sectoral Allocations 
 

Based upon the data developed to implement the allocation programme, several basic 
metrics could be used to allocate to sectors. Indeed, the same metric used to determine the 
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overall share for the entire trading programme (see Step 1) could be used to allocate the non-
auctioned share of allowances to each sector. Alternatively, sector shares could be determined 
through negotiations between the government and representatives of the sectors concerned.   

 
Example: The Member State decides to allocate to each sector based on historic (1995) 
emissions. In 1995, the electric power sector accounted for 20 percent of overall 
emissions, or 50 percent of emissions from sources in the trading programme. In 2008, 
for example, the sector thus would receive one half of the allocated trading total, or 18 
million CO2 allowances.  

 
 b. Facility-Level Allocations 

 
For the basic allocations to individual facilities, several metrics have been used: 

 
•  Emissions; 
•  Production inputs (for example, heat input); 
•  Production output.  

  
Note that if emissions are used as the metric for individual facilities, the sector-specific 

allocation (Step 5a) may be unnecessary. If other factors are used, the sector split may be useful. 
 

Whatever metric is used could be applied to data in various years: 
 

•  Single year (for example, 2000);  
•  Average of recent years (for example, 1995-2000 average); 
•  Maximum value over recent years (for example, the maximum over 1995-2000).  

 
Example: The Member State decides to allocate to individual facilities participating in the 
trading programme on the basis of maximum production over the three-year period for 
which data have been developed (1998-2000). Maximum production (kilowatt-hours) for 
one major electric generating plant, for example, represents 5 percent of the total 
“maximum production” for all electric facilities. The facility (or its owner) initially is 
allocated 5 percent of the 2008 electric power sector total, or 0.9 million tonnes. 

 
 c. Variations 

 
In addition to the basic metric-year formula for the plant-specific allocation, the 

Member State could add several variations:  
 

•  Credits for “early action” (that is, additional allowances for facilities that reduce 
emissions before the programme begins but after baseline allocations are set);  

•  New source “set-asides” (allowances for new sources); 
•  Bonus allowances for other emissions reduction projects. 

 
If the facility-specific allocations exceed the total under any formula, they can be 

adjusted so that the total to the sector (or the trading programme) is not exceeded. 
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Example: The Member State decides to set aside 5 percent of the allowances for 
demand side efficiency programmes, and 5 percent of allowances to reward early action 
taken by certain electricity generation facilities. All initial facility allocations are 
reduced by 10 percent, with adjustments made, if any, for early actions. As a result, the 
plant’s 2008 allocation is reduced from 0.9 million tonnes to 0.81 million tonnes. The 
plant receives an “early action credit” totalling 0.03 million tonnes, for a final 
allocation of 0.84 million tonnes.  

 
Figure PS-1 summarises the major steps in developing initial allocations. 

 
Figure PS-1. Overview of Steps for Initial Allocation 
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I.  INTRODUCTION AND BACKGROUND 

The European Commission (“Commission”) in October 2001 adopted a proposal for a 

Directive (“proposed Directive”) that would establish a cap-and-trade system for various sources 

of greenhouse gas (“GHG”) emissions as one means of meeting the overall European Union 

(“EU”) target provided in the Kyoto Protocol. This report considers one prominent issue in the 

development of a EU emissions trading programme for GHG emissions, the initial allocation of 

allowances to individual facilities. The report is designed to provide information to the 

Commission, Member States and other interested parties on the alternatives for initial allocation, 

their comparative advantages and disadvantages, and their feasibility in light of existing data.   

A. Prior Commission Steps Regarding Emission Trading 

The Kyoto Protocol requires that the EU reduce its emissions of greenhouse gases 

during the 2008-12 period by 8 percent from the 1990 level. The Kyoto Protocol allows 

Member States to achieve the overall target for the EU as a whole—creating an “EU bubble”—

a provision that encourages the development of an EU-wide emissions trading programme for 

GHGs as one element of an overall compliance policy.  

Emission trading is increasingly regarded as a low cost and reliable means of meeting an 

overall emissions target. Under a typical emission “cap-and-trade” programme, individual trading 

entities (e.g., companies) are initially allocated emission allowances (i.e., the right to emit a tonne) 

that cumulatively equal the cap or target for the relevant sectors. The entities are allowed to buy 

and sell their allowances. Entities that can reduce their emissions at a relatively low cost thus can 

sell their “surplus” allowances to entities with relatively high costs. This trading encourages 

reductions in emissions to take place where they are relatively inexpensive, thereby lowering the 

overall costs of meeting the target. If trading were “perfect”—that is, if all cost-reducing trades 

took place—the overall cost of a given emission target would be the minimum possible. A cap-

and-trade programme also provides assurances that overall emission targets are achieved. 

The EU had taken several important steps before the issuance of the proposed Directive to 

advance the concept and application of emissions trading as one important potential policy option 

to meet the EU Kyoto target. In March 2000, the Commission released a document, Green Paper 

on Greenhouse Gas Emissions Trading Within the European Union (“Green Paper”) that 
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launched a discussion on greenhouse gas trading within the EU, including issues related to the 

relationship between emissions trading and other policies and measures to address climate 

change. Among the issues addressed were some of the options related to the initial allocation of 

emission allowances. At about the same time, the Commission in June 2000 established the 

European Climate Change Programme (“ECCP”) to help identify the most environmentally 

beneficial and cost effective additional measure to achieve the Kyoto Protocol target. The ECCP 

was set up as a multi-stakeholder consultative process. The Green Paper, along with some general 

conceptual studies sponsored by the Commission, has identified a number of sectors that might 

be included in a trading programme, at least as a first step. These industries include electricity 

and heat—which accounts for about 30 percent of EU carbon dioxide (“CO2”) emissions—as 

well as pulp and paper, cement, iron and steel, refining and chemicals. 

In March 2001, the Commission released the results of a two-year project designed to 

identify a least-cost approach to meeting the EU target. The report, Economic Evaluation of 

Sectoral Emission Reduction Objectives for Climate Change (“Sectoral Objectives Study”), 

included both a “top down” and “bottom-up” approach to cost estimation. The study identified 

the individual sectoral emissions levels that would result in least-cost means of achieving the EU 

target, contrasting the least-cost result to a uniform reduction requirement that would achieve the 

overall target. The Sectoral Objectives Study also provided information on the potential cost 

savings from emissions trading. The study reported that emissions trading among selected sectors 

in all Member States could reduce costs by up to half of total compliance costs in those sectors.  

B. Objectives of This Study 

A host of decisions must be made to translate the concept of emissions trading into a 

workable programme. The general issues have been described in the Green Paper, other 

Commission-sponsored documents (see e.g. CCAP 1999a, EC 2000b, FIELD 2000), and the 

general literature on emissions trading. Indeed, the existing experience with emissions trading 
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provides important guidance on the issues that need to be addressed and how they have been 

successfully—and sometimes unsuccessfully—resolved in prior emissions trading programmes.2  

The initial allocation of allowances is one of the important elements left to Member 

States (with approval of the Commission) under the proposed Directive. Setting the initial 

allocation has been a major issue in all cap-and-trade programmes, in large part because of the 

major sums at stake. Initial allocation similarly is important for an EU trading programme. 

Based on the results of the Sectoral Objectives Study, the total value of the emissions covered 

under an EU-wide programme for the relevant sectors would be nearly €30 billion per year, 

substantially greater than the estimated control costs of  €3.7 to  €7.5 billion.3 The mechanisms 

used by Member States to establish initial allocations are important also because they can affect 

the efficiency of trading and thus the overall cost of meeting the emissions cap. 

The overall objective of this report is to provide information that would be useful to the 

Commission, Member States and other interested parties on alternatives for setting initial 

allocations at the sector and plant levels. This information includes conceptual information as 

well as plant-level information for the following three sectors4 : 

1. Electricity and heat generation; 

2. Cement; and 

3. Pulp and paper.  

Many prior studies have included the issue of initial allocation, but none provides a 

comprehensive assessment applied to GHG trading in the European Union. Moreover, no prior 

report addresses the empirical issues involved in actually implementing a plant-level allocation 

                                                 
2 See, for example, Harrison Forthcoming and Harrison 1999a for summaries of experience with emissions trading 

programs and implications for program design. 
3 Similar results are suggested in Cambridge Econometrics 2001, which finds a total annual allowance value of 

€14 billion for emissions reductions equal to roughly half of what would be required under Kyoto. 
4 The percentages of EU-wide CO2 emissions reported in the Green Paper are 29.9, 2.7, and 1.0 percent for the 

three sectors, respectively.  These percentages refer to the direct emissions from facilities in the listed sectors. 
Thus the emissions from a cogeneration or combined heat and power (“CHP”) plant owned by a paper and pulp 
manufacturer would be included in pulp and paper. As we discuss below, for purposes of an emissions trading 
program it may be preferable to treat such CHP facilities as electricity and heat generating facilities, since this is 
their primary function.  In addition, the emissions shares shown here exclude process emissions, which are 
particularly important for the cement industry 
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scheme. Addressing data issues is particularly important because theoretical alternatives may 

not be available in practice due to lack of the necessary data. 

The specific objectives of the report are the following. 

•  Provide a typology of alternative initial allocation mechanisms. 

•  Describe the allocation mechanisms that have been used in prior emission trading 
programmes. 

•  Develop criteria for evaluating alternative mechanisms. 

•  Evaluate major alternatives in light of these criteria. 

•  Develop plant-level data that allow one to simulate various alternatives and thus shed 
light on key empirical issues, including feasibility and sector- and plant-level effects. 

•  Provide an overview of major conclusions and implications. 

C. Organisation of the Report 

The report is organised as follows. Chapter II provides background on emissions trading 

and initial allocations, including our typology of alternative mechanisms for setting initial 

allocations. Chapter III provides information on the initial allocation mechanisms that have 

been used in previous emissions trading programmes. This experience sheds light on some of 

the complexities that have arisen in practice as well as details on the precise data that have been 

used to determine initial allocations. Chapter IV describes the criteria we use to evaluate 

alternative allocation mechanisms. Chapter V provides evaluations of alternative initial 

allocation mechanisms based upon these criteria. Chapter VI begins the detailed quantitative 

analyses with an overview of EU greenhouse gas emissions and the three sectors considered in 

the study. Chapter VII considers the feasibility of implementing various approaches in light of 

the plant-level data that are available, both for the EU as a whole and for individual Member 

States. Chapter VIII compares proxy values with actual data that are available for some sectors 

and Member States. Chapter IX provides sector-level and plant-level simulations of several 

major allocation mechanisms using the detailed plant-level data developed in this study. 

Chapter X provides brief concluding observations.  
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II.  BACKGROUND ON EMISSIONS TRADING AND INITIAL ALLOCATION 

Emissions trading has emerged over the past two decades as an important 

environmental policy tool. Emissions trading provides a means of achieving an overall 

emissions target at lower cost than an alternative approach of setting individual emissions 

standards for each activity or sector. The emissions trading approach is receiving considerable 

international attention because of its inclusion in the Kyoto Protocol.5 

This chapter provides background on emissions trading and on the initial allocation of 

allowances. We begin with a simplified example of the allowance market that illustrates how 

emissions trading lowers the overall cost of meeting an emission target.  We then use that 

example to illustrate the importance to covered facilities of the initial allocation of allowances. 

We also discuss how the ultimate effects of the initial allocation depend upon the effects in the 

various product markets in which the covered facilities compete. The final section provides a 

typology of alternative mechanisms of initial allocation. This typology is used in our 

description of initial allocations in existing and proposed cap-and-trade programmes in Chapter 

III as well as in our evaluation of specific alternative mechanisms in Chapter V.  

A. Cost Savings from Emissions Trading Relative to Emission 
Standards 

The basic concept behind emissions trading is straightforward. By allowing firms the 

flexibility to reallocate (trade) emissions among themselves, trading can reduce compliance 

costs while achieving environmental results equivalent to those achieved under more traditional 

environmental regulations based on specific standards. 

1. Emissions Trading—A Simple Example  

A simple example shows the way in which a market-based approach can reduce control 

costs relative to a traditional approach that is based upon setting emission standards. Figure 1 

                                                 
5 The proposed Directive focuses on a cap-and-trade program, rather than a credit-based or averaging approach, 

because cap-and-trade programs are the most consistent with the EU’s fixed GHG emissions cap.  (See Harrison 
Forthcoming for a description of these alternative trading approaches.) However, the Kyoto protocol also allows 
for the use of credits under the clean development mechanism (CDM) and joint implementation (JI).  
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illustrates a typical, though hypothetical, situation. In meeting its required standards for CO2  

emissions, Facility 1 incurs a cost of only €15 per additional tonne of CO2 emissions reduced, 

while Facility 2 spends €30 for the last tonne reduced. These two facilities may be different 

plants within the same company, plants owned by different companies in the same sector, 

plants in completely different sectors, or even different Member States. The particular emission 

standards that are compared to the trading approach may be based upon a common regulatory 

standard or on completely separate regulations. 

Figure 1. Marginal Costs of Meeting Hypothetical Standard at Two Plants 

Clearly the same overall reduction in emissions could be achieved at lower compliance 

costs by tightening controls at Plant I and relaxing them at Plant II. Initially, loosening controls 

at Plant II by one tonne saves €30, while tightening controls by one tonne at Plant I would raise 

costs by only €15, for a net savings in compliance costs of €15 per tonne. One way to achieve 

the cost savings would be to set different standards for the two sources, but such adjustments 

would be controversial (particularly if the facilities were competitors). Moreover, setting 

facility-specific standards would require that the government develop large amounts of facility-

specific information to determine the cost minimising emissions levels. 

Emissions trading provides a means of achieving these cost savings in a fair way that 

also avoids the need to collect such detailed information. The two sources would trade 
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emissions—or more accurately, emissions allowances, i.e., the right to emit a tonne—among 

themselves at a market price. Under a cap-and-trade programme, the total quantity of allowable 

emissions is fixed and thus the price would be determined by the market demand. The more 

costly it is to reduce emissions, the higher allowance prices would be, because of increased 

demand for permission to emit another tonne, rather than control it. Suppose in this simple 

example that the market price of an emissions allowance were €20 per tonne, and that the two 

facilities were initially allocated allowances consistent with the individual emissions levels 

required under the inflexible emission standard. Figure 2 shows how each of the sources would 

gain from the market. Plant I (low-cost seller) gains by reducing its emissions further than the 

standard requires and selling the allowance it no longer needs to Plant II; it receives €20 for the 

allowance but spends only €15 to achieve the reduction, for a net gain of €5. On the other side 

of the transaction, Plant II (high-cost buyer) is able to buy the allowance for €20 and reduce its 

compliance costs by €30, for a net savings of €10. Thus the total savings in compliance costs of 

€15 per tonne is split between the buyer and the seller, with both gaining from trading. 

Figure 2.  Gains to Plants From the Trade of a Single Emissions Allowance 

2. Allowance Market Equilibrium 

Figure 2 reflects gains from the first allowance traded. There presumably will be more 

gains from additional trades. How far will such trading proceed? As Plant I sells more 
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allowances to Plant II, the marginal cost of control at Plant I is likely to rise (as the level of 

emissions is reduced), while it falls at Plant II (as the amount of required reductions becomes 

less). Plant I stops selling at the point at which additional reductions cost more than €20 per 

tonne, and Plant II stops buying when its marginal cost falls below €20 per tonne. At that point, 

the total cost of achieving the overall reduction is minimised. 

To illustrate how the market sets the price and how the overall gains from trade are 

achieved, we can think of each facility’s marginal cost of controlling emissions as its demand 

curve for emission allowances. The maximum amount that a facility is willing to pay for another 

allowance (allowance demand) is equal to what it would save from controlling one less tonne 

(marginal control cost). Figures 3 and 4 plot hypothetical emissions allowance demand curves for 

Plants I and II.  The horizontal axis represents the number of tonnes emitted: moving to the right 

along the axis corresponds to higher emissions and lower control levels.  Because marginal costs 

tend to increase as controls become more stringent, the price of allowances—which represents 

the marginal costs of reducing emissions—increases as more emissions are controlled.  

Figure 3. Low-Cost Plant Control Costs 
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Figure 4. High-Cost Plant Control Costs  

 
The figures show the costs of controlling emissions to a level of 1 million tonnes of CO2 

at each plant. This case is analogous to an “emission limit value” standard under which each plant 

would have to reduce its emissions to 1 million tonnes. The shaded areas show the total cost to 

each plant of emissions reductions under the emission limit value standard. 6  The marginal cost 

of the standard is €15 per tonne for Plant I and €30 per tonne for Plant II. 

Now consider a trading programme that caps total emissions for the two facilities at the 

same overall level—2 million tonnes of CO2—but that allows the plants to spread the emissions 

reductions in a cost-effective manner. Under this programme, Plant I would reduce its emissions 

below 1 million tonnes, because it would be able to sell its surplus emissions allowances to Plant 

II at a higher price than it would cost to reduce the emissions. As Plant I reduced emissions to a 

greater extent and sold more allowances to Plant II, the marginal cost of control at the lower-cost 

plant would rise. At the same time, the marginal cost of control at Plant II would fall as its 

required emissions reductions fell.  Plant I would stop selling when additional controls would 

                                                 
6 In the absence of regulation the plants would emit to the point where their marginal control costs were zero. The 

area under the marginal cost curve between two emission levels is the difference in total control costs between 
those two levels.  
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cost more than €20, while Plant II would stop buying when its marginal cost fell below €20. At 

that point, the total cost of achieving the overall reduction in emissions would be minimised. 

These least-cost control levels – and the corresponding allowance prices – are illustrated 

in Figure 5. The figure combines the emissions allowance demand curve of each plant to 

produce a total industry demand curve for emissions allowances. This combined demand curve 

is constructed in a straightforward way; at any price, the corresponding total quantity demanded 

is the sum of the quantities demanded by each of the individual firms. The equilibrium 

allowance price is the point on the total demand curve that corresponds to 2 million tonnes (the 

combined limit for the two firms). In this example, the least-cost price is €20 per tonne.  At a 

price of €20 per tonne, Plant I demands 0.5 million tonnes of allowances and Plant II demands 

1.5 million tonnes of allowances. The figure shows these emissions levels for each plant 

(respectively labelled “ELow Cost” and “EHigh Cost” on the emissions axis). 

 

Figure 5. Derivation of Market Demand and Market Price for Emissions Allowances 
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requirement that both achieve a given emission level. Figures 6 and 7 show the savings from 

trading for both the low-cost and high-cost plants. As in Figures 3 and 4, the shaded regions 

represent the amounts spent on emissions-control measures. Plant I (the lower-cost facility) 

incurs additional control costs as it reduces its emissions from 1 million to 0.5 million tonnes; 

these extra costs are shown by the shaded trapezoid (b + c), the area of which is €8.75 million. 

That extra cost is more than offset, however, by revenues from the 0.5 million allowances that 

it sells to Plant II at €20 each, as shown by the rectangle (b + c + d), the area of which is €10 

million.  Thus, the net gain to Plant I is the area of the triangle (d), which is €1.25 million.  

Figure 6. Savings Under Trading: Low-Cost Plant (Allowance Seller) 

Figure 7 shows the results for Plant II, which increases its emissions from 1 million to 

1.5 million tonnes.  The plant reduces control costs by the area of the trapezoid (B + C), which 

has a value of €12.5 million.  These savings are partly offset by the cost of purchasing 0.5 

million allowances from Plant I, which equals, at €20 each, €10 million (the area of the 

rectangle B).  Thus, the net savings to Plant II is €2.5 million.   
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Figure 7. Savings Under Trading: High-Cost Plant (Allowance Buyer) 

The figures illustrate that both high-cost and low-cost participants gain from emissions 

trading relative to a programme that would require them to achieve the same individual target. 

Under emissions trading, the combined savings for the two plants is €3.75 million over the 

emission limit value alternative.  From the perspective of the rest of society, total emissions are 

unchanged relative to the emission limit value alternative. Since this example assumes no cost 

to the government, the net overall gain is €3.75 million. 

B. Importance of the Initial Allocation to Plant Costs 

The allocation of allowances generally does not affect the overall cost savings from an 

EU trading programme—although there are several exceptions discussed below—but the 

allocation clearly does affect the distribution of gains among programme participants. This 

section presents a simplified analysis of the effect of changing the initial distribution, and thus 

the distribution of gains between different plants. We also illustrate the effects of the 

government auctioning allowances. 
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1. Effects of Alternative Initial Allocations on Plant Costs 

The previous example assumed that allowances are allocated under trading in precisely 

the same way as under an emission limit value alternative.  That is, we assumed that each of the 

firms would have been allowed to emit 1 million tonnes per year before any trading occurred. 

Figures 8 and 9 show the impact of changing the distribution so that Plant I receives 0.7 million 

tonnes (0.3 million fewer than under the previous example) and Plant II receives 1.3 tonnes (0.3 

million more than in the previous case). Changing the allocation affects neither the aggregate 

demand curve for allowances nor the final allowance price.  The price therefore can be found 

using the demand curve shown in Figure 5; as before, if 2 million tonnes of allowances are 

available, the equilibrium price will be €20 per tonne, with Plant I emitting 0.5 million tonnes 

and Plant II emitting 1.5 million tonnes.  The distribution of costs, however, is different as a 

result of the change in the initial allocation of allowances. 

Figure 8. Net Costs Under Alternative Allocation: Low-Cost Plant (Seller) 

 
For Plant I, the low-cost firm, reducing the number of initial allowances leads to costs 

under trading that are higher than under the 1 million tonne standard.  As with the case of an 
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allocation equal to the standard, Plant I reduces emissions by an additional 0.5 million tonnes 

beyond the “emission limit value” level, for an additional cost equal to the area of the trapezoid 

(c1 + c2 + b1 + b2), or €8.75 million.  However, Plant I only receives payments from Plant II for 

0.2 million of those tonnes (area d1 + c1 + b1), or a total of €4 million.  As a result, the plant’s 

total costs are €4.75 million higher than under the emission limit value standard.7 

Figure 9. Net Gains Under Alternative Allocation: High-Cost Plant (Buyer) 

 

The losses to Plant I are reflected in additional gains to Plant II.  Plant II receives 1.3 

million tonnes in allowances, or 0.3 million tonnes more than under the emissions limit 

standard.  Relative to the standard, the plant still increases emissions by 0.5 million tonnes, thus 

reducing its control costs by the area of the trapezoid (B1 + B2 + C), for a savings of €12.5 

million.  But the plant only needs to buy 0.2 million tonnes of allowances from Plant I, at a 

total cost of €4 million (the area of B2 ).  Thus, overall the plant gains €8.5 million compared to 

the emission limit value case. 

                                                 
7 Of course, Plant I would still prefer a trading program to an emission limit value alternative in which it were 

forced to control its emissions to the more stringent 0.7-million-tonne level and were not permitted to trade any 
further emissions reductions. 
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The shift in gains to the two plants that results from changes in the allocation does not 

affect the overall societal gain.  Under either case, the net gain from trading is €3.75 million 

(€8.5 million to Plant II less the €4.75 million additional cost to Plant I).  The change in 

allocation mechanism results in a transfer from one plant to the other—one plant’s loss is 

counterbalanced by another’s gain. From Plant I’s perspective, however, the loss is a real cost, 

and if offered a choice between the two allocation options, the firm that owns Plant I is unlikely 

to welcome the alternative allocation. 

This second example illustrates that the distribution of the gains from emissions trading 

depends in large part on how the allowances are allocated initially. The initial example assumes 

that each source is allocated allowances equal to its emissions under the standard. Under that 

assumption, no source loses relative to the emission standard, because the worst that can 

happen is that it does not trade and is left in the same situation it would have faced with the 

standard. If the facility is allocated less under trading than it would have received (implicitly) 

with the standard, the savings from trading may not make up for the initial loss. The facility’s 

loss would be offset by another facility’s gain from receiving “extra” allowances. 

2. Effects of Government Auction of Initial Allowances on Plant Costs 

Changing the initial allocation reallocates the gains between the two plants. The 

situation would be very different if the government were to auction off the allowances initially, 

although the results can be illustrated using the same framework. Figures 10 and 11 show the 

situation for each of the two facilities under an auction approach. With an auction, both the 

low-cost plant and the high-cost plant would be worse off than under an emission standard, 

unless the plants were refunded the amounts that they were required to spend on allowances.  

Figures 10 and 11 show the losses under the auction scenario relative to a 1 million 

tonne standard for a low-cost and high-cost plant respectively. In Figure 10, one can see that an 

auction scenario makes the low-cost plant significantly worse-off than under the standard. 

Under the auction scenario, all plants are forced to purchase allowances for each tonne emitted 

at the auction price. These examples continue to assume an allowance price of €20 per tonne. 

Since the low-cost plant can reduce its emissions to 0.5 tonnes for less than €20 per tonne, it 

will still achieve these same emissions reductions at a total cost of the triangle (a + b + c). 
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However, the plant will also have to purchase allowances for its remaining 0.5 tonnes of 

emissions at the auction. The cost of these allowances will result in an additional loss equal to 

the rectangle (e + f). Since the control costs represented by triangle (a) would be incurred under 

the emissions standard, the net loss to a low-cost plant of adopting an auction rule instead of the 

standard is the area of region (b + c + f + e).   

Figure 10. Losses Under the Auction Scenario Relative to Standard: Low-Cost Plant 

 
 

Figure 11 illustrates the net loss at the high-cost plant under an auction, relative to a 1 

million tonne emissions standard. The auction affects the high-cost plant less severely than the 

low-cost plant, but still causes net losses. The marginal cost for the high-cost plant to reduce 

emissions to 1 million tonnes is €30 per tonne. Under the auction scenario, with an allowance 

price of €20, the plant would only reduce emissions to 1.5 million tonnes. The plant would thus 

have lower control costs, with savings equal to areas (B + C) in Figure 11. However, the plant 

would now have to purchase allowances at €20 for each remaining tonne emitted, so it would 

incur losses from auction payments equal to areas (B + D). The net loss for a high-cost plant under 

the auction scenario relative to an emissions limit thus would be equal to the area (D – C).  
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Figure 11. Losses Under the Auction Scenario Relative to Standard: High-Cost Plant 
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The following two figures illustrate the effects of these two market conditions. Figure 

12 shows the situation in which the affected plants are a small part of the overall market. The 

left panel of the figure depicts the entire product market, and the right panel illustrates the 

effects on the affected plants, which constitute only a small share of the market.  Because costs 

only increase for a small part of the market (illustrated by the shift in the supply curve from S0 

to S1), the producers’ cost increases are not reflected in increased product prices. This is 

reflected by the negligible price increase in the left panel of the Figure, from P0 to P1. The right 

panel of the figure illustrates the effects on the affected plants.  The affected firms are all “price 

takers”—i.e. the market price for their product is given—so the effective demand curve they 

face is close to horizontal.  In this panel, the supply curve depicted is the entire supply 

produced by the affected firms. In this case, because the price increase is small, virtually all of 

the cost increases are borne by the affected producers.  

Figure 12. Product Market Impacts When Covered Plants are a Small Part of the Market  

 Figure 13 shows the case in which the plants affected by the trading programme cover 

all of the relevant market. (This analysis assumes that the relevant product markets are 

competitive.) In this case, the supply curve would shift from S0 to S2 to reflect the higher costs 

faced by all producers.  This shift reflects both the changed cost of producing the product (i.e., 

the compliance costs noted above) as well as the costs of the relevant CO2 allowances. Because 
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all suppliers are affected, a portion of the costs would be passed on to customers in the form of 

higher prices. The new equilibrium quantity would be reduced from Q0 to Q2.  

The labelled areas show the effects of the cost changes on consumers and producers. 

The price paid by consumers would rise from P0 to P2c. As a result, consumers would bear costs 

equal to the sum of areas A and D, which represent, respectively, the increased prices paid for 

the amounts consumed after the cost increase and the loss in consumer surplus due to the 

reduction in quantity. The price received by producers, net of the additional costs, would fall to 

P2p.  Consequently, producers would bear costs equal to the areas B and C, which represent the 

loss in producers’ surplus both from fewer sales and reduced net contributions to overhead 

from the cost increase.     

Figure 13. Product Market Impacts When Covered Plants are a Large Part of the Market 

The extent to which consumers bear costs also depends upon whether the product 

market is regulated and what distortions the regulations might create. The most significant issue 

concerns the electricity sector, which may be subject to rate-of-return regulation in certain 

Member States. Under rate-of-return regulation, plants typically would pass through the 

average costs of their operations, not the marginal costs due to CO2 controls as would be the 

case under a competitive market. As discussed below, this inefficient pricing of electricity 
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would mean that the allocation of allowances would affect both the overall cost of complying 

with the cap and the distribution of costs between producers and consumers. 

D. Typology of Initial Allocation Mechanisms 

With this background on the cost advantages of emissions trading, the significance of 

the initial allocation mechanism, and the factors that affect the distribution of costs, it is now 

appropriate to consider the general features that make up the design of alternative allocation 

approaches. It is useful to organise the alternative mechanisms along the following dimensions: 

•  Auctioned or allocated. This basic dimension relates to whether or not an initial 
allocation is made to facilities or whether allowances are auctioned. 

•  Variability of the allocation. This dimension relates to whether allocation proportions are 
fixed (“grandfathered”) or whether they can change based on future activity (“updated”).  

•  Criteria/metrics for determining the allocation. This dimension relates to the factor or 
factors (e.g., emissions in 1990) that would be used to determine a plant’s initial 
allocation. 

•  Recipients of the allocation. This dimension relates to the facilities that receive initial 
allocations (e.g., all facilities in the sector or just those required to reduce emissions). 

1. Auctioned or Allocated 

Allocation mechanisms can be distinguished fundamentally based upon whether the 

initial allocations are auctioned or allocated for free using some criteria or metrics. It is of 

course possible to develop a mixed system in which some fraction of allowances are auctioned 

and the remainder are allocated. In such a case the relative fractions also could change over 

time.  A related “hybrid” mechanism could involve an auction with auction revenues rebated to 

participants based on certain criteria or metrics.  

a. Auctions 

Under an auctioning system, facilities bid for their emissions allowances and must pay for 

them as shown in the example above. Auctioning all of the initial allowances would mean that the 

firms regulated by the trading programme would have to pay for all their emissions.  Their costs 

would include the costs of reducing emissions to the necessary levels, as well as the costs of 
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acquiring allowances for the emissions that remain. Revenues from an auction would go to the 

relevant government, which could use the money for some combination of tax reduction and 

increased government spending. As noted above, the auction system could include a rebate of 

some or all payments. In addition, an auction system could include exemptions for some of the 

emissions that otherwise would have to be covered by allowances. The formula for calculating 

rebates or exemptions can be exactly analogous to the formulas that could be used to determine 

an initial grandfathered (or updated) allocation.  

Figure 14 shows the effects of an emissions trading programme on a product market, 

assuming that the initial allowances are auctioned. The demand and initial supply curves (D 

and S0) are the same as in the previous figure. The second supply curve, S2, reflects the costs of 

the auctioned CO2 allowances, ignoring for this illustration the effects of the changed costs of 

producing the product (e.g., increased fuel costs) in order to focus on the effects of auctioning.8  

The shift in supply due to the auctioned allowances results in an increase in the price of 

the product to consumers, from P0 to P2c, and reduction in the quantity produced from Q0 to Q2. 

The labelled areas in the figure illustrate how auctioning allowances affects owners of existing 

facilities and the loss in consumer surplus. With the rise in prices and reduction in sales, the 

value of the capital assets held by facility owners is reduced, because the producer surplus they 

generate has declined by the amount illustrated in the figure.  

Note that in the case of auctioned allowances, prices also would increase in both 

competitive sectors and regulated ones (e.g. electricity). For regulated sectors, the costs to 

purchase allowances at auction represent direct accounting costs that would be passed on to 

ratepayers under cost-of-service pricing. As discussed below, depending on ratemaking rules the 

effect on consumer prices may be different when allowances are allocated initially to a regulated 

firm via grandfathering or updating. 

                                                 
8 Indeed, from this perspective, CO2 allowances can be seen as another factor of production; any CO2 emitted by 

the facility would have to be paid for at the prevailing CO2 price. 
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Figure 14. Product Market Effects of Auctioned Allocation  
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are covered by the trading programme lower the overall cost burden of the cap-and-trade 

programme for these firms, and in some cases can even eliminate the burdens.  

2. Variability of the Allocation 

The second useful distinction relates to the variability of the information used to 

allocate allowances, principally whether the allocations are based upon prior information 

(“grandfathered”) or current and future information (“updated”). As with the auction versus 

allocation distinction, there are intermediate alternatives. An initial allocation programme could 
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provide for the use of prior information for some set period (e.g., 10 years) and for the use of 

updated information thereafter.9 

a. Grandfathering 

Under grandfathering, facilities typically are allocated a share of the total cap based 

upon fixed historical facility data. The total emissions cap can change over time, but because 

future allocations depend entirely upon historical data, the share that each recipient receives 

does not change as a result of the firm’s subsequent behaviour. Put another way, a firm would 

have no incentive to change its behaviour to receive additional allowances in the future. Under 

grandfathering, new sources would not receive initial allocations (although they can purchase 

allowances from others) and existing sources would continue to receive future allocations even 

if they were to shut down the historically relevant facility. 

An important result of the economic theory of emissions trading is that the marginal 

costs under grandfathering—that is, the costs of emitting an additional tonne of CO2—are 

identical to the marginal costs under an auction. The reason is that the freely assigned 

allowances have an opportunity cost associated with them: firms that receive allowances can 

sell them to other firms, so if they choose instead to emit another tonne of CO2, they forgo what 

they could earn from selling the allowance.  Because the marginal costs are the same, economic 

theory predicts that the resulting control decisions by individual facilities will be identical to 

the decisions that would be made under an allowance auction.10  The difference between the 

two will be in the distribution of allowance revenues. 

Figure 15 shows the case in which allowances are grandfathered. For ease of presentation, 

the allocation is assumed to be exactly equal to the level of emissions that the sector would emit 

after undertaking emissions reduction measures consistent with the overall cost-minimising 

                                                 
9 Note that the expectation of future updating of allocations could result in the inefficiencies discussed below. 
10 The controls chosen to meet the cap—and thus the overall compliance costs—could differ between auctioning 

and grandfathering if transactions costs are significant or if the allowance market were not competitive due to 
market power. However, because of the large number of expected participants in a European trading 
programme, it is unlikely that market power will be a major concern. It is also possible that the use of one or the 
other mechanism may affect the development and adoption of innovations leading to lower-cost emission 
reduction technology, but the theoretical results are ambiguous. See Jaffee 2000 and Fischer 1999a for a 
discussion of these effects and their likely empirical significance. 
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case.11  These emissions levels would be the same under either auctioning or grandfathering.  The 

negative effects on the sector clearly are lower than under the auction case: although the sector 

must control emissions to the same degree, under grandfathering producers receive allowances. 

In this example the total asset value of owners’ facilities in the sector actually increases under 

grandfathering, by the amount represented by the area (A – C).12 Note that the impact on 

consumers is the same as in the case of auctioning: the total loss is equal to the areas A and D. 

Figure 15. Product Market Effects of Grandfathered Allocation 

 
  

This result assumes that the firm operates in a competitive market in which costs 

include the opportunity cost of the allowances the firm receives under the initial allocation. In 

the case of sectors where prices are regulated, however, the allocated allowances would not 

necessarily be treated as costs, and thus the value of the allowances would not necessarily be 

                                                 
11 This case is analogous to one in which firms are rebated auction revenues in proportion to their expected emissions. 
12 Of course, depending on the shapes of the curves—in particular, the elasticities of demand and supply—a 

grandfathering or auction-with-rebate mechanism could still lead to a reduction in asset value. However, the 
reduction in asset value would always be less than under an auction without a rebate. 
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reflected in prices. A regulatory treatment of allocated allowances under grandfathering that 

excluded their opportunity costs would have two effects: 

1. Prices would not increase, and thus consumers would not bear additional costs and 
producers would not obtain additional gains. 

2. The lack of price effects would increase the overall costs of meeting the cap because 
one of the methods of reducing CO2 emissions (reductions in customer demand for the 
product due to price increases) would not be available.13 

b. Updating  

The updating approach bases future allocations on a facility’s current and future activities. 

This is in contrast to the grandfathering approach, in which a firm receives its allocation 

regardless of its current or future activities. If the updating formula is based on production, for 

example, a facility’s allocation in 2010 may depend upon its output in 2008.  This approach 

clearly would provide an incentive to increase output in 2008 to receive more allowances in 

2010. What may be less clear is that this incentive affects the overall cost of meeting the cap as 

well as the distribution of costs between producers and consumers.14  These impacts are due to 

the same two effects noted above for grandfathering under regulated price regimes in which the 

opportunity cost of emissions is not reflected in the product price: (1) the product price does not 

rise to reflect the opportunity cost of allowances to cover the emissions from producing the 

product; and (2) the reduced reliance on one control option (in this case reducing product demand 

through higher prices) leads to an overall increase in compliance costs. These effects can be 

                                                 
13 See Burtraw et al. 2001 and Babiker et al. 2001 for a discussion of the interaction between regulatory treatment 

and overall compliance costs.  Note that the elimination of a portion of the price increase in the product market 
here is similar to the effect of updating discussed in the next sub-section, and the resulting increase in 
compliance costs is also similar.  

14 Updating is related in certain respects to an emissions allocation based on “relative targets.”  If relative targets 
are used, firms are allocated emissions allowances based on an industry-wide emission rate—often expressed in 
tonnes per unit of output.  Relative targets are equivalent to averaging programs, rather than cap-and-trade 
programs. (See Harrison Forthcoming for discussions of alternative emission trading approaches, including cap-
and-trade, averaging, and credit approaches.)  The emissions rate might be set so that total industry emissions 
would be below an overall emissions target, but this would assume a fixed level of production. Firms would have 
to hold allowances to cover their actual emissions, and would be able to sell allowances if their average 
emissions rate was below the industry-wide target rate, or buy allowances if their average emissions rate was 
above the industry-wide target rate.  Relative targets differ from updating in one important respect, however, 
because averaging programmes based on relative targets do not impose a cap on overall emissions, whereas 

(continued...)  
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illustrated on the market supply curves, as shown in Figures 16 and 17.  For simplicity, the 

figures take account of the effects one at a time. 

Figure 16 illustrates the first effect—the incentive to reduce price and increase output to 

receive a greater share of allowances. As in the previous figure, the curves S2 and D reflect the 

effects of a cap assuming a grandfathered allocation. In the grandfathered case the price would be 

P2 and the quantity would be Q2.  The curve S3 shows the incentive effect on supply of the 

updating mechanism. Under production-based updating, firms are given an incentive to increase 

their current output, because this will result in larger allocations. The incentive to increase output 

results in a drop in the price to P3 and an increase in production to Q3.  In effect, updating 

eliminates the opportunity cost of the allowances needed for additional production that is 

included under grandfathering, because under updating firms would receive more allowances as 

they produce more product.   

Figure 16. Illustration of Product Market “Incentive Effects” of Updating 
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It is useful to consider the effects of “contemporaneous updating” approach, in which the 

current year allowance allocation would be determined by current production.  In this case, the 

allowance incentives effectively eliminate the price increase due to the opportunity cost of 

allowances.  Firms no longer would receive higher prices as a result of the opportunity cost of 

allowances, and therefore they would be “back where they started” before the new regulations 

were introduced (i.e. S3 = S0).15  Thus, comparing updating to the grandfathering case, firms 

would no longer lose the product market revenues that correspond to areas B and C in Figure 15, 

but they also no longer receive the value of allowances corresponding to areas A and B, since 

allowance value is now incorporated into the new supply curve.  Thus for producers as a whole 

the “incentive effects” of updating are uncertain; the total costs depend upon the characteristics of 

the demand and supply curves and the value of the guaranteed grandfathered allocation that they 

no longer receive.  

Although the net effect of the incentive effects of updating relative to grandfathering are 

uncertain for producers as a group, updating clearly would harm facilities that shut down 

(because they would lose their allowances), and clearly would benefit new facilities (because they 

would receive allowances). The incentive effect is also likely to benefit consumers, who would 

pay lower prices in the sector’s product market relative to grandfathering. 

As noted above however, there is a second effect of updating—the effect of higher 

compliance costs. Figure 16 ignores the fact that as facilities produce more (when they increase 

production from Q2 to Q3), all else being equal they will have higher emissions. To keep 

emissions below the cap and simultaneously increase output, covered facilities will incur 

additional compliance costs beyond those in the grandfathering and auction cases. To understand 

this it is important to consider in detail what happens in the market for emissions and emissions 

allowances under updating. Thus far, the figures in this section have ignored the effects of 

compliance costs, focusing instead on the costs (or opportunity costs) of allowances. This was 

                                                 
15 Under alternative updating approaches in which the future allocation depends on production in previous years 

rather than the current year, the “incentive effect” would be reduced because the value of future allowances 
would have to be discounted. In such a case the opportunity cost of allowances would be reflected in product 
prices to an extent somewhere between what would be expected under grandfathering and what would be 
expected under contemporaneous updating.  The allowance value received by firms would therefore also be 
between these values.  



 
 Background on Emissions Trading and Initial Allocation 28  
 

 n/e/r/a 
Consulting Economists 

 

appropriate in the earlier discussions of auctioning and grandfathering because overall 

compliance costs generally would be minimised under either of these approaches.  Since the 

compliance costs are the same, their effects on the product market would not differ.  In the case 

of updating, however, compliance costs would not be minimised.  

To see this, consider the case of electricity generators.  In general, the emissions reduction 

measures available to the industry would include three primary options:  

•  Improving energy efficiency of generating units; 
•  Switching to less carbon-intensive fuels; and 
•  Reducing overall generation (corresponding to conservation on the demand side). 

Under grandfathering or auctioning, electricity generators would adopt the cost-minimising 

combination of these three options. But the calculus would change if the initial allocation were 

updated according to each plant’s current activity (e.g., its production). With updating, plants 

would receive additional allowances if they expanded generation. This incentive to increase 

production would be directly at odds with one of the three primary control options—namely, 

the reduction in generation.16  The net effect would be that electricity generators would increase 

the use of the other control alternatives—energy efficiency and fuel-switching—even though 

these would cost more than conservation.  They thus would face higher compliance costs than 

under either auctioning or grandfathering.17 

Figure 17 illustrates the product market effects of the added compliance costs due to 

production-based updating.18  As in Figure 16, the curve S3 represents the supply situation 

                                                 
16 Depending on the expected value of current or future allowances, there could be limited incentives to reduce 

output. However, the level of this incentive would be significantly lower than the ideal under a non-updating 
alternative. 

17 Note that similar arguments can be made for an updating program based on heat input (see the next section for a 
discussion of the major options to use as a “metric” for allocation formulas), except that in this case the incentive 
would be to use more heat-intensive fuels, and therefore would discourage firms from improving heat rates.  Under 
input-based updating, the use of efficiency improvements to control emissions would be reduced.  In contrast, an 
updating mechanism based on emissions is unlikely to reduce the incentives for any particular control option, 
because although emissions are in some sense rewarded, the emissions cap prevents overall emissions from 
increasing. However, because individual Member State emissions would not be capped, emissions-based 
updating in an individual Member State could provide incentives for firms to move their emissions there to the 
extent possible.  Emissions-based updating would be similar to a system in which auction revenues were recycled 
to firms in proportion to their auction expenditures in current or future years. 

18 As discussed below, the insert in Figure 17 depicts the added compliance costs in the allowance market. 
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ignoring the higher compliance costs. The curve S4 includes the additional compliance costs 

due to reduced reliance on “conservation.” 19 When we include the higher compliance costs, the 

price rises to P4.  Because of the higher compliance costs, consumers would bear additional 

costs equal to the areas E and H, relative to the “business as usual” case, and producers would 

bear higher costs equal to the areas F and G. 

Figure 17. Product and Allowance Market “Compliance Effects” of Updating 

 

The net effect of updating versus grandfathering depends upon the result of these two 

effects, those due to the incentives created for greater production (and lower prices) and those due 

to higher compliance prices. It seems likely that on balance producers would be worse off under 

updating than under grandfathering.  Recall from Figure 16 that under updating producers would 

no longer receive the direct gain in the form of the “allowance value” that they would under 

grandfathering (due to the price increase). Put another way, instead of receiving allowances for 

free, producers under an updating formula would be required to “work” for them (e.g., produce 

output). The loss of this “allowance value” is likely to exceed the gain to the producer from the 

                                                 
19 The supply curve for updating with added compliance costs (S4) is below the supply curve with the opportunity 

cost of emissions for grandfathering (S2) (see Fischer 1997 and Fischer 2000). One might conclude that this 
means updating is better for producers, because marginal costs are lower. This conclusion ignores the gain that 
producers receive under grandfathering in the form of the allowance value that accompanies the higher price.  
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greater production levels under updating. When we take into account the additional loss due to 

increased compliance costs, it seems likely that producers as a group would be worse off with 

updating versus grandfathering of allowances.20 

The economy as a whole also would be worse off under updating. The insert in Figure 17 

illustrates the increase in compliance costs by showing the allowance market. The loss associated 

with inefficient choices of emissions reduction measures is depicted as a shaded triangle.  

Under updating, the costs of reducing emissions rise relative to the grandfathering or auctioning 

cases. The elimination of one emissions control option—reducing production, or what amounts to 

the same thing, increasing conservation—means that firms must turn to other, more expensive 

control measures to achieve the emissions reductions that otherwise would be achieved through 

conservation. Another way of understanding the increase in control costs is to see that because 

firms are producing more output than they would in the non-updating cases, they are forced to 

implement more stringent, more expensive controls to maintain the cap. As a result, the 

demand for emissions allowances rises compared to the demand under either auctioning or 

grandfathering.  The net result is higher compliance costs to achieve the same emissions target. 

Thus, the new mix of compliance choices under updating would not minimise the 

overall costs of meeting the emissions cap, which would result in distortions in both the 

allowance and product markets.21  Compared to either a grandfathering or an auction 

mechanism, the allowance price would be higher and economy-wide economic output would be 

lower because of the misallocation of resources. 

3. Allocation Metric 

The allocation metric is the basis upon which allocation shares are determined. The 

metric depends on both the types of data used and the years from which those data are drawn. 

                                                 
20 In fact, general equilibrium models have found that under updating, producers actually may fare worse than they 

would under auctioning (and not merely worse than they would under grandfathering), because they do not 
receive the higher market prices for their goods.  See Burtraw 2001. 

21 See Fischer 1997 and Fischer 2000, which include detailed discussions of the consequences of updating. 
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a. Facility Data Used (Input, Output, Emissions)  

There are several facility-specific data that can be used to determine the shares allocated 

to individual facilities. Three types of data have commonly been used in previous and existing 

programmes: (1) fuel inputs, (2) product output, and (3) emissions. Combinations of these three 

have also been used. 

(1) Fuel or Other Input 

Input-based mechanisms are fairly common, in part because the metric may be relatively 

easy to measure. The most common “input-based” allocation mechanism is the use of “heat 

input”—that is, the total energy content of fuel inputs, measured in joules or Btu—in allocations 

to electric power generating facilities. Other input-based mechanisms have allocated allowances 

based on the volume or mass of different types of fuels, with each fuel assigned a particular 

allocation weight.22  Examples of allocation mechanisms using heat input include the U.S. SO2 

allowance programme and the U.S. NOX programmes, which are described in Chapter III.  

(2) Product Output 

Output-based mechanisms determine initial allocations according to a recipient firm’s 

production levels. Output-based mechanisms become more complicated when trading 

programmes include products that are not directly comparable, as when multiple sectors are 

included. If output-based mechanisms are applied to a multiple sector trading programme, it 

may be necessary to allocate to the individual sectors initially based upon more directly 

comparable metrics such as heat input or emissions. Similar complications also arise for single 

sectors with a heterogeneous product mix, such as the cement or pulp and paper sectors.  The 

same is even true with heat and power generators: electricity and heat are both forms of energy, 

but it is not clear that they should receive the same allocation per unit of energy. If the 

allocation is not based upon a simple equality, some decision must be made regarding the 

appropriate “weighting factor” to use for each product when determining the allocation. 

                                                 
22 In cases where these weights represent “emissions factors,” it may be more appropriate to classify the metric 

under the emissions-based metrics described below. 
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Production-based and input-based allocations are equivalent to “benchmarking 

allocations,” in which a benchmark emissions rate is set for different facility types.  This 

benchmark rate represents a target emissions rate per unit of input or output. A facility’s 

allocation is then determined by multiplying its input or output by the benchmark rate. The 

final allocation would be adjusted to ensure that overall allowances equal the emissions cap.23 

The California RECLAIM programme (described below) is an example of a programme 

that uses a production-based allocation mechanism. Under the programme, for example, certain 

types of oil-burning boilers were allocated 3.55 pounds of NOX allowances for every 1000 

gallons of oil they had consumed in their peak year (1987, 1988, or 1993). Other types of 

boilers received different allocations based on their own appropriate activity levels. 

(3) Emissions 

Some allocations under existing programmes are based on historical emissions. This 

metric avoids the difficulty of comparing heterogeneous inputs or outputs across and within 

sectors. An emissions metric provides a common unit that can be used for all facilities, regardless 

of sector, product mix, or technology.  The Danish CO2 emissions trading programme outlined in 

Chapter III, for example, allocates shares of the total available allowances to participating 

facilities based on each facility’s share of emissions over the period 1994-1998.  

One variation on the basic emissions metric also has been considered. Some 

commentators have suggested that allocations should be based on both “direct” and “indirect 

emissions”—i.e., a plant should receive allowances not only for the emissions it produces itself, 

but also for the “indirect” emissions that it causes over the course of its production. This would 

include, for example, emissions resulting from the electricity that a facility purchases from 

power generators. It is very important to keep in mind that an initial allocation mechanism 

based on indirect emissions would not have to be accompanied by a trading programme in 

which firms were accountable for their indirect emissions. Separating these two components of 

                                                 
23 It is important to recognise that “benchmarking,” like any of the metric options considered here, could apply to 

either grandfathering or updating. Some authors have implied that it is synonymous with updating (see, e.g. 
Groenenberger and Blok 2001).  
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the trading program removes the necessity of monitoring and reporting indirect emissions.24 

Separation of the two would also remove inefficiencies that would result if firms were made 

accountable for their indirect emissions.  Under such a separated system, the allocation would 

be based on both direct and indirect emissions even though firms were only accountable for 

their direct emissions.  All emissions would still be included in the trading programme as some 

facility’s “direct” emissions.25 

b. Year or Years Used  

In addition to the type of recipient data that are to be used, an allocation mechanism 

must specify the year or years from which to draw the data. The allocation formula can be 

based upon data for a single year or for an average of several years. Alternatively, the formula 

can be based on the peak value of a particular metric over a period of years—for example, the 

maximum output over a five-year period. In all of these variations, the individual allocation to 

each facility would be adjusted proportionately to achieve the desired cap. 

There are two issues that typically arise in choosing the year or years from which the 

allocation metric is to be drawn. The first concerns the possibility that an unrepresentative year 

might be used. If a single year is used, there is greater risk that the allocation will be based on 

unusual circumstances for some firms—for example, major repairs may have been undertaken 

on the firm’s facilities that year, dramatically reducing the firm’s activity and emissions levels. 

It is also possible that a facility would be operated at unusually high levels—for example, 

during low-rainfall years, fossil-fired electricity generators may supply far more electricity than 

is typical. Drawing data from multiple years reduces the risk that the allocation will not reflect 

typical operations. 

                                                 
24 Of course, the data used to determine the initial allocation based on direct plus indirect emissions would have to 

come from somewhere, and could involve previous source monitoring. However, the point here is that these data 
would not be related to (or required for) the monitoring that is necessary to ensure that facilities hold sufficient 
allowances to cover their emissions once the trading program has begun. 

 
25 Note that the “indirect” method in theory could be extended even further so that the recipients of the allocation 

are the ultimate consumers of various products, rather than to the firms that use the “intermediate input” 
responsible for the emissions—for example, electricity—as inputs for their own value-added product. 
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The other major consideration relevant to the choice of the allocation year is the 

implication for “early action”—that is, emissions reductions that facilities have made in 

advance of the trading programme’s inception. If the allocation were based on a very recent 

year, actions taken to reduce emissions before that year would not be credited by the allocation 

formula. To the extent that one of the goals of the emissions trading programme is to reward 

early actions that were specifically taken to reduce greenhouse gas emissions, an earlier 

allocation year or years might be desirable. However, using earlier years increases the 

likelihood that the allocation will credit actions that would have been taken for other reasons, 

whether or not they reduced emissions.26  

4. Recipient 

A final consideration in the design of an allocation mechanism is the nature of those 

eligible to receive the initial allocation. The major distinction is whether allocations are 

provided only to facilities that are responsible for holding allowances to cover their GHG 

emissions, or whether other facilities or entities are also given allowances.  

a. Participating/Responsible Facilities 

The initial allocations could be restricted to facilities that are required to surrender 

emission allowances, and thus are full programme participants.27  In the case of electricity 

generators, for example, allocating only to responsible facilities would mean that only fossil-

fuel generators—and not hydroelectric, wind, nuclear, or biomass facilities—would receive an 

initial allocation, even if the allocation were to be based on the amount of electricity generated.  

                                                 
26 One rationale behind rewards for early action is that sources or firms should not be penalised for undertaking 

control measures before they are required to do so. The intuition is that it would not be fair to ask firms that 
have already shouldered some of the burden to undertake more than their fair share.  However, in certain cases 
the reductions in the source’s emissions may be an unintended effect of changes that the source undertook to 
increase profits (i.e., for “economic reasons”). In such cases, it becomes more difficult to argue that requiring 
further emissions reductions from the firm would impose an unfair burden. After all, the firm was not 
“burdened” by its earlier reductions, since it derived an economic benefit from them. In practice it may be 
difficult to disentangle such economic motivation from environmental motivation. 

27 Note that not all those required to surrender allowances would necessarily be included in the initial allocation. 
Under grandfathering, for example, new sources would not be given initial allowances, even though they would 
be required to monitor emissions and surrender allowances accordingly. 
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b. Participating and Non-Participating Facilities 

Initial allocations also could be made to facilities or others not ultimately responsible 

for surrendering allowances. In the case of electricity generators, for example, non-fossil-fuel 

generators could be allocated allowances under an output-based metric, even though they have 

no GHG emissions (and therefore would not be regulated under the programme or have any 

additional costs associated with emissions controls). Allocations may also be made to sectors 

that would be affected by new emissions controls, such as the coal sector. 

It also is possible to allow facilities to “opt-in” to the cap-and-trade programme 

voluntarily. For example, certain firms in sectors initially not covered under the programme or 

those below the defined participation threshold might wish to be included. Opt-ins may provide 

a way of encouraging more participants to join the trading programme, but they also may create 

difficulties in determining allocations and fixing the appropriate emissions cap.28 

c. Emission Reduction Credits 

A final issue in the determination of recipients is the option to incorporate credit-

generating projects into the trading programme. A number of existing cap-and-trade programmes 

have combined the basic emissions cap and allocations with a mechanism for generating 

additional allowances, or credits. These include credits for project-specific emission reductions, 

as well as “early action credits,” which are additional allowances that may be awarded to 

facilities if they reduce emissions before the cap is officially imposed, but after base allocations 

are set.  Depending on the overall greenhouse gas regulatory regime, it may be appropriate to 

offer credits for the cultivation or use of biomass fuels.29  Other credits also could be produced by 

assisting in GHG-reducing international development, again depending on the overall structure of 

the trading programme.30  Such credits could be sold on the allowance market. 

                                                 
28 See Harrison Forthcoming for an assessment of voluntary programs. 
29 However, if biomass fuels are treated as having zero net CO2 emissions, as assumed throughout this report, then 

credits for their cultivation or use might simply constitute a subsidy. 
30 Determining the amount of credit requires addressing the issue of “baseline,” i.e. the emissions that would have 

occurred without the credit program. See Harrison et al. 2000. 
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III.  INITIAL ALLOCATIONS IN EXISTING OR PROPOSED CAP-AND-
TRADE PROGRAMMES  

This chapter summarises the initial allocation mechanisms used in selected existing and 

proposed cap-and-trade programmes using the basic typology outlined in the previous chapter.31  

A. Template for Summarising the Initial Allocation Mechanism 

The information is organised into tables summarising the primary characteristics of the 

allocation mechanisms. Table 1 shows the template used to summarise the characteristics of 

each programme’s allocation mechanism.  

Table 1. Template Table: Cap-and-Trade Programmes and Allocation Mechanisms. 

Year •  Year the programme was implemented.  
Sources 
Included •  Types of sources covered by the trading programme to which allowances are allocated. 

Cap •  Overall cap or emissions level required by the programme. 
Allocation 

Type •  Allocation type (e.g. grandfathering, auctions, or updating) 

Metric •  Metric used to determine the allocation (e.g. emissions, heat input, or generation for 
electricity generators). 

Allocation 
Years •  Basis years that are used to determine the allocation. 

Description 
•  Description of the basic mechanism used to allocate the allowances. 
•  Additional relevant details. 

Formula •  If appropriate, the formula used to calculate the allocation for individual facilities. 

Recipients & 
Set Asides 

•  Sources receiving allowance allocations (including winning auction bidders). 
•  Any “set-asides” included in the programme (e.g. for new sources). 

Future 
Changes •  If any changes are anticipated in future years they are described here. 

 
The programmes are organised into the following four emissions categories:  

1. ozone-depleting substances; 
2. sulphur-dioxide emissions; 
3. nitrogen oxide emissions; and   
4. GHG emissions. 

                                                 
31 Information on the programs is taken from Harrison Forthcoming as well as the sources noted. 
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Following the detailed descriptions and tables, the features of all programmes are 

shown in a summary table at the end of the chapter. 

B.  Ozone Depleting Substances 

In 1987, 47 countries signed the Montreal Protocol to reduce, and in many cases 

eliminate, the production of certain ozone-depleting substances (ODSs) linked to reductions in 

the stratospheric ozone layer.  

1. United States ODS Phase-Out 

The United States opted to phase out its production of ODSs through the use of a trading 

programme. Producers of ODSs were allocated permits to sell the gases in proportion to their 

share of the overall market in 1986.  Here the regulated substance was also the product, so the 

metric can be characterised as either a production or an emissions metric. In addition to the 

overall cap on ODS production, which was reduced to zero by 1998, a tax was instituted on ODS 

sales to limit the windfall profits received by firms that received initial allocations.  

Table 2. United States Ozone Depleting Substances Phase-Out 

Year •  Programme began in mid 1980s. 
Sources 
Included •  All producers of ozone depleting substances. 

Cap •  Allocation proportional to 1986 production of ozone depleting substances (ODS).  Initial 
allocation was limited to only 28 firms. 

Allocation 
Type •  Grandfather 

Metric •  Production (or emissions) 
Allocation 

Years •  1986 

Description 

•  Permits consisted of production and consumption (production plus imports minus 
exports) allowances that entitled firms to make or consume ODS. 

•  Allocations in subsequent years decline proportionally for all firms. 
•  For CFCs,  the limits were 100 percent of 1986 levels by 1989, 25 percent of 1986 levels 

by 1994, and 0 percent (i.e., elimination) by 1998. 
•  An excise tax on ODS sales was imposed to reduce windfall profits to firms receiving 

allocated permits. The tax started at $1.37 / lb.  in 1990 and rose to $5.35 / lb. in 1995. 
Formula •  Allocation = Production (1986) * Year’s Reduction Factor 

Recipients & 
Set Asides 

•  Regulated sources 
•  No set asides  

Source: Harrison forthcoming. 
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C. Sulphur Dioxide 

Sulphur dioxide (“SO2”) emissions have been linked to acid deposition as well as a 

number of human health problems. Two programmes in the United States attempt to reduce 

SO2 emissions through the use of emissions trading programmes. 

1. United States SO2 Allowance Trading Programme 

The SO2 Allowance Programme is perhaps the best-studied emissions-trading 

programme to date, and is widely regarded as a success.  The programme consists of two 

phases: Phase I covered only certain coal-fired electricity facilities, while Phase II included all 

major coal-fired electricity facilities in the U.S. The allocation is a grandfathering mechanism 

based on heat input over a three-year period, with the total cap determined by the average 

emission rate to be attained—2.5 pounds SO2 / mmBtu under Phase I and 1.2 pounds SO2 / 

mmBtu under Phase II.  

Table 3. United States SO2 Allowance Programme 

Year 
•  Phase I of the Title IV SO2 Trading Programme was implemented in 1995. 
•  The programme entered Phase II in 2000. 

Sources 
Included 

•  The programme covers all coal-fired electric power generation.  
•  Phase I (1995 to 1999) covers an initial set of plants based on boiler type.  
•  Phase II (2000 and beyond) covers all coal-fired facilities with >25 MW installed capacity 
•  Non-coal-fired generation units can voluntarily opt-into the programme.  

Cap 
•  The majority of allowances are grandfathered, with a small proportion (2.8 percent) 

distributed by EPA through an annual auction whose revenues are recycled to regulated 
sources.  

Allocation 
Type •  Grandfather and auction 

Metric •  Heat input  
Allocation 

Years •  Average annual (total) heat input for all fuel consumed during 1985–1987. 

Description 

•  Grandfathered allocations are based on historical levels of heat input and a fixed emissions 
rate.  

•  The emissions rate varies with the phase of the programme:  
 1.    Phase I --  emission rate = 2.5 pounds SO2 / mmBtu.  
 2.    Phase II -- emission rate = 1.2 pounds SO2 / mmBtu. 

Formula •  Allocation (tons) =Emissions Rate (tons/mmBtu) *  Baseline Heat Input (mmBtu) 
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Recipients & 
Set Asides 

•  Recipients include all regulated sources. 
•  Alternative allocations were made in Phase I for various units in Illinois, Indiana, and Ohio 

that were allocated a pro rata share of 200,000 additional allowances each year in Phase I.  
•  New sources must purchase allowances through EPA auctions or from allowance holders. 
•  The Conservation and Renewable Energy Resource is a pool of 300,000 bonus SO2 

allowances awarded to utilities that employ efficiency or renewable energy measures. 
Source: Stavins 2000, and Ellerman et al 2000. 

 

2. California RECLAIM Programme 

The Regional Clean Air Incentives Market (“RECLAIM”) was developed in the early 

1990s by California’s South Coast Air Quality Management District to reduce air emissions in 

the Los Angeles Air Basin. Among the RECLAIM Programme’s distinctive characteristics is 

its inclusion of a wide range of industry sectors with heterogeneous processes and control 

options. The allocation mechanism under RECLAIM reflects the inclusion of a wide range of 

sectors—the allocation is a grandfathering mechanism based on sector-level activity (usually 

production or heat input) multiplied by a sector-specific emissions factor. The emissions factor 

for each sector is reduced over time to varying degrees, depending on the sector.  

Table 4. California RECLAIM Programme (SO2) 

Year •  RECLAIM was approved in October 1993 and went into effect in January 1994. 

Sources 
Included 

•  The programme covers emissions of SO2 in the Los Angeles Air Basin. 
•  Covered facilities belong to a wide variety of sectors and in general include all sources 

emitting more than four tons of SO2 per year.  41 SO2 facilities were included at the start of 
the programme.  

Cap •  Reduced each year over ten years (1994-2003)—equivalent to a 7-8 percent annual 
reduction in SO2 emissions over the period. 

Allocation 
Type •  Grandfather 

Metric •  Activity level (production) 
Allocation 

Years •  Allocations are calculated based on peak activity over the period from 1989 to 1992.  
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Description 

•  Allocations (in pounds of  SO2) were determined for the years 1994-2003 based on a 
starting allocation for 1994, a mid-point allocation for 2000, and an ending allocation for 
2003. During intervening years facility allocations were reduced proportionately. 

•  Peak activity is multiplied by a sector-specific emissions factors, and if necessary reduced 
proportionately to achieve the desired total emissions cap. 

•  Emissions factors for each unit type are reduced over the course of the programme so that 
final allocations mimic the emissions levels that would have been achieved by each sector 
under existing and proposed command-and-control (emission limit value) regulations in 
1993. 

•  The 1994 allocations were supplemented by offsets obtained to comply with new source 
performance requirements. In addition, a facility was given non-tradable allocations for the 
first three years of the programme if its reported 1987, 1988 or 1993 emissions were greater 
than its starting allocation. 

Formula •  Complex formulae based on activity level and emissions factors for various sectors. 

Recipients & 
Set Asides 

•  Recipients include all regulated sources. 
•  Facilities whose reported 1987, 1988 or 1993 emissions were greater than their starting 

allocation were given non-tradable credits for the first three years of the programme.  
•  Allocations are supplemented by “offsets” that some facilities had obtained for “early 

action” compliance with new source review requirements.  
Future 

Changes •  May revise treatment of electricity generators. 

Source: Harrison 1999b. 

 

D. Nitrogen Oxides 

Like SO2, nitrogen oxides (“NOX”) contribute to the formation of acid rain, and are also 

a ground-level ozone precursor. Several programmes in the United States reduce NOX 

emissions through the use of emissions trading programmes.   

1. California RECLAIM Programme 

Table 5 gives information on the RECLAIM NOX Programme. 

Table 5. California RECLAIM Programme (NOX) 

Year •  RECLAIM was approved in October 1993 and went into effect in January 1994. 

Sources 
Included 

•  The programme covers emissions of NOX in the Los Angeles Air Basin. 
•  Covered facilities belong to a wide variety of sectors and in general include all sources 

emitting more than four tons of NOX per year.  390 NOX facilities were included at the start 
of the programme.  

Cap •  Reduced each year over ten years (1994-2003)—equivalent to a 7-8 percent annual 
reduction in NOX emissions over the period. 

Allocation 
Type •  Grandfather 
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Metric •  Activity level (production) 
Allocation 

Years •  Allocations are calculated based on peak activity over the period from 1989 to 1992.  

Description 

•  Allocations (in pounds of NOX) were determined for the years 1994-2003 based on a 
starting allocation for 1994, a mid-point allocation for 2000, and an ending allocation for 
2003. During intervening years facility allocations were reduced proportionately. 

•  Peak activity is multiplied by a sector-specific emissions factors, and if necessary reduced 
proportionately to achieve the desired total emissions cap. 

•  Emissions factors for each unit type are reduced over the course of the programme so that 
final allocations mimic the emissions levels that would have been achieved by each sector 
under existing and proposed command-and-control (emission limit value) regulations in 
1993. 

•  The 1994 allocations were supplemented by offsets obtained to comply with new source 
performance requirements. In addition, a facility was given non-tradable allocations for the 
first three years of the programme if its reported 1987, 1988 or 1993 emissions were greater 
than its starting allocation. 

Formula •  Complex formulae based on activity level and emissions factors for various sectors. 

Recipients & 
Set Asides 

•  Recipients include all regulated sources. 
•  Facilities whose reported 1987, 1988 or 1993 emissions were greater than their starting 

allocation were given non-tradable credits for the first three years of the programme.  
•  Allocations are supplemented by “offsets” that some facilities had obtained for “early 

action” compliance with new source review requirements.  
Future 

Changes •  May revise treatment of electricity generators. 

Source: Harrison 1999b. 
 

2. United States Emissions Trading of NOX in the Ozone Transport 
Commission 

In September 1994, Washington D.C. and twelve Eastern States, collectively known as 

the Ozone Transport Commission, adopted a memorandum of understanding (MOU) to achieve 

regional emission reductions of NOX. Most of the states adopted a Model Rule—designed 

through the collaboration of State Governments, the U.S. Environmental Protection Agency 

(“EPA”), and stakeholders—to implement the emissions trading programme. The Model Rule 

outlines the basic structure of a cap-and-trade programme for NOX between OTC members.  

Under the MOU and Model Rule, each participating State would receive an allocation 

of NOX emission permits proportional to the State’s NOX emissions in 1990. Table 6 

summarises the allocation mechanism adopted to distribute permits to each participating State.  
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Table 6. United States OTC State-Level NOX Allocations 

Year 
•  MOU agreed to in September 1994.  
•  Programme went into effect in 1999. 

Sources 
Included 

•  Includes fossil-fuel-fired boilers or indirect heat exchangers with heat input capacity 
greater than 250 mmBtu/hour, electric generating units with a rated output of at least 15 
MW, and any additional opt-in units.  

Cap 
•  55 percent reduction from 1990 emissions levels by 1999. 
•  70 percent reduction from 1990 emissions levels by 2003. 

Allocation 
Type •  Grandfather 

Metric •  Emissions 
Allocation 

Years •  Based on calculated 1990 emissions.  

Description 

•  Allowances granted to States based on 1990 emissions, adjusted proportionately to 
achieve intermediate overall emissions caps.  

•  Overall cap is based on total emissions that would have been achieved under uniform 
emissions rate standard.  

Formula 
∑

=
Emissions State 1990

Cap Annual
  * Emissions State 1990    Allocation  

Recipients & 
Set Asides 

•  All states covered under OTC requirements.  
•  No set asides. 

Source: NESCAUM/MARAMA 1996.  
 

The Model Rule left open to individual OTC members how they would allocate the 

emissions permits to covered facilities within their borders. Table 7 summarises the 

Massachusetts allocation mechanism. The programme treats electricity units and non-electricity 

units separately, allocating to the former based on output and to the latter based on input. 

Because the allocations are based on benchmark rates, the resulting allocations must be 

adjusted to ensure that the total does not exceed the regulatory cap. Massachusetts adopted an 

updating mechanism, possibly due to an EPA-sponsored study that suggested that the 

additional costs of using updating in the case of NOX allowances would not be dramatic (ICF 

Consulting 1999). One reason for this is that the likely control options for NOX do not involve 

reductions in consumption or electricity generation to a significant degree. 
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Table 7. Massachusetts OTC NOX Rule 

Year •  Programme went into effect May 1, 1999.  

Sources 
Included 

•  Rule includes fossil-fuel-fired boilers or indirect heat exchangers with heat input 
capacity greater than 250 mmBtu/hour, electric generating units with a rated output of at 
least 15 MW, and any additional opt-in units.  

Cap 

•  The less stringent of a 55-65 percent reduction from 1990 emissions levels or an average 
total emission rate of 0.20 lb/ mmBtu by 1999. 

•  The less stringent of a 75 percent reduction from 1990 emissions levels or an average 
total emission rate of 0.15 lb / mmBtu by 2003. 

Allocation 
Type •  Updating 

Metric •  Production and heat input. 

Allocation 
Years 

•  Based on average of two highest electricity output years between 1994-1998. 
•  Subsequent annual allocations based on average of two highest electricity output years 

for the years six, five, and four years prior to the allocation year. 

Description 

•  Allowances granted at the rate of 1.5 lb/MWh for electricity generators or 0.44 
lb/mmBtu steam output for non-electricity generators. Heat input may be used as proxy 
for steam output as necessary. 

•  For units that generate electricity and additional useful steam, the unit’s allocation is the 
sum of the individual allocations for steam and electricity.  

•  Allocation for each plant is scaled proportionately to yield total desired cap.  

Formula 

Factor  Emissions  *  Ago) Years 4 5, (6,  Years Generation TwoPeak    Allocation Unadjusted =

∑
=

sAllocation Unadjusted
Cap Total

  * Allocation ed  Unadjust  Allocation  

Recipients & 
Set Asides 

•  Regulated sources. 
•  5 percent set-aside for new sources. New source allocations are based on actual 

generation of electricity or steam, multiplied by the relevant emissions factor (0.2 
lb/MWh or 0.44lb/mmBtu, respectively). 

•  5 percent set-aside after 2003 to fund energy efficiency and renewables programmes. 
•  Unused allowances from the set-aside accounts are banked each year, with banked 

allowances distributed from the banks to existing sources whenever the bank contains 
greater than 10 percent of the total annual quota. 

Source: State of Massachusetts 1999. 
 
 

Other States in the OTC enacted their own rules for allocating NOX emissions permits. 

Table 8 summarises the mechanisms used in a variety of other states, including Connecticut, 

New Hampshire, New Jersey, Pennsylvania, and Delaware. The mechanisms vary significantly, 

spanning a wide range of possible metrics and allocation years. Many of them include set-aside 

provisions. Note that some of these programmes also adopted an updating mechanism, despite 

the efficiency disadvantages.  
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Table 8. Other State OTC NOX Budget Rules 

Year •  Some programmes end 2002, others extend into future years. 

Sources 
Included 

•  Rules include fossil-fuel-fired boilers or indirect heat exchangers with heat input 
capacity greater than 250 mmBtu/hour, electric generating units with a rated output of at 
least 15 MW, and any additional opt-in units.  

Cap •  Varies: 55-75 percent reduction from 1990 emission levels or average emission rates of 
0.15 – 0.20 lbs / mmBtu by 2003. 

Allocation 
Type •  Grandfather and updating. 

Metric •  Production, heat input, emissions. 

Allocation 
Years 

•  Selected examples:  
� Average of years three and four years prior to allocation year (New Hampshire); 
� Average of the two peak years over the past three years; 
� Average of the two prior years (Connecticut); 
� The year three years prior to the allocation year; 
� 1990 emissions. 

Description 

•  Allocations are calculated using: 
� average electricity output in the years three and four years prior to the allocation 

year (New Hampshire); 
� average heat input for the two years with the highest heat input over the past three 

years multiplied by one of various emissions rate factors (New Jersey); 
� average heat input in the two prior years multiplied by the lowest of three 

emissions rate factors (Connecticut); 
� heat input in the year three years prior to the allocation year, multiplied by a 

standard emissions rate factor (Pennsylvania); 
� 1990 emissions rate and heat input (Delaware). 

•  The total allocation is scaled proportionately to yield the total desired cap. 
Formula •  Various  

Recipients & 
Set Asides  

•  One programme (New Jersey) establishes a “growth reserve” to allocate permits to 
plants with emissions rates lower than 0.15 lb/mmBtu whose heat rate increases 
significantly in the current year.  

•  One programme (Connecticut) allows early emissions reduction in 1997 and 1998 to 
earn one-time additional allowance credits. 

•  New sources receive set-asides under updating programmes. Under grandfathering rules, 
new sources do not receive allocations.  

•  Some rules include set-asides for those engaged in energy conservation or renewables 
programmes. 

Source: State of Connecticut; State of Delaware Department of Natural Resources & Environmental Control 1997; 
State of New Hampshire; State of New Jersey Department of Environmental Protection 1998; State of 
Pennsylvania Environmental Quality Board. 

 
 

3. United States NOX Emissions Trading Under EPA’s SIP Call 

Starting in 2003, EPA will require certain states not included in the earlier OTC to 

reduce their own NOX emissions to reduce ground-level ozone concentrations in downwind 
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locations. The expanded group of participating States is expected to make use of emissions 

trading to reduce overall NOX emissions. EPA’s suggested allocation mechanism is 

summarised below.  Like some earlier NOX programmes, it includes an allocation based on 

heat input and also is expected to involve some updating. 

Table 9. United States EPA SIP Call – Federal NOX Budget Trading Programme 

Year •  Enacted December 1999; programme begins in 2004. 

Sources 
Included 

•  Units include all boilers connected to electric generating facilities with capacities greater 
than 25 MW and all industrial boilers with heat input capacities above 250 mmBtu/hour. 
A total of 392 facilities in 19 states and the District of Columbia are included. 

Cap •  State caps based on projected emissions levels in 2007 assuming an average emissions 
rate of 0.15 lbs / mmBtu. 

Allocation 
Type •  Grandfather and updating 

Metric •  Heat input 
Allocation 

Years •  Based on heat input, 1995 – 1998. 

Description 

•  Proportion of the total cap allocated to each unit is based on the highest average two-
year heat input over the period 1995-1998, or available heat input data for non-
electricity generating units. 

•  EPA requires compliance with timing—allocations to units must be set at least three 
years in advance—and with overall state-wide allowance caps; otherwise states have 
flexibility in their choice of allocation mechanism. EPA’s suggested allocation 
mechanism is described here. 

•  Allocations will be updated every five years, based on previous five years’ activity.  
•  Allocation to electricity generating units will be updated based on electricity production.  

Allocation to non-electricity generating units will be updated based on heat input.  The 
total cap remains the same.  

Formula •  Various. 

Recipients & 
Set Asides 

•  Regulated sources. 
•  5 percent set-aside for new sources, which are allocated allowances equal to their actual 

heat input times and emissions factor (0.15 lbs/mmBtu for electricity generating units, 
0.17 lbs/mmBtu for non-electricity generating units). 

•  Additional allocations available in 2001 and 2002 for sources that reduce emissions in 
these years. 

Future 
Changes •  May vary with State implementation. 

Source: U.S. Environmental Protection Agency 1999. 
 

E. Greenhouse Gases 

Three European countries have implemented or are close to implementing trading 

programmes for greenhouse gases (see Kitamori Forthcoming). The programmes in Denmark 
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and the United Kingdom, which are furthest along, focus exclusively on CO2. Norway’s 

programme seeks to include all six major greenhouse gases.  

1. Danish Trading Programme for CO2 Emissions from Power Plants 

The Danish CO2 Emissions Trading Programme went into effect at the beginning of 2001. 

Denmark is currently the only country with a GHG emissions trading programme in effect.  The 

allocation under the Danish programme is a grandfathering mechanism based on average 

emissions between 1994-1998. The number of firms included in the programme is small. 

Table 10. Denmark CO2 Trading Programme for Electricity Generators 

Year 
•  Parliament passed the programme June 1999; approved by European Commission April 

2000. 
•  Programme is in effect from 2001-2003. 

Sources 
Included 

•  All electricity producers in Denmark, excluding renewables generators and CHP plants with 
annual historical emissions under 100,000 tonnes CO2 .   

•  Currently, only 8 companies are required to participate.  

Cap •  Reduces national emissions from 23 MT (2000) to 20 MT (2003) 
Allocation 

Type •  Grandfather; may switch to auction. 

Metric •  Emissions 
Allocation 

Years •  Average during the period 1994-1998.  

Description 

•  Allowance allocations for each unit are proportional to the unit’s average historical emissions 
from electricity production during the period 1994-1998.  

•  Emissions are calculated based on standard emissions factors for each fuel. 
•  Allocation follows a two-tiered process: all CHP units receive allowances first (up to their 

average 1994-1998 emissions); remaining allowances go to non-CHP units. 

Formula 

 Factors Emissions  *  1998)-(1994  UseFuel Average   Allocation Unadjusted =

∑

=

(CHP) Allocation UnadjustedCap, max(Total
Cap Total

  * (CHP) Allocation adjusted        Un

         (CHP) Allocation

 

 
CHP)(non  Allocation Unadjusted

(CHP) Allocation Cap Total 
 * CHP)-(non Allocation nadjusted         U

  CHP)(non   Allocation

∑

∑
=

-   

Recipients & 
Set Asides 

•  Set-aside for smallest CHP facilities with annual emissions under 100,000 tonnes amounts to 
approximately 10 percent of total.  These facilities do not trade, and the set-aside is held by 
the government and deducted from the total available quota. 

•  Some portion may be withheld for new entrants before 2003, though none are expected. 
Future 

Changes •  Grandfathering allocation may be temporary – may switch to auction after 2003. 

Source: Danish Parliament 1999. Pedersen 2001. 
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2. United Kingdom CO2 Emissions Trading Programme 

The UK Emissions Trading Scheme is now scheduled to begin April 2002. The 

programme is currently a hybrid combination of a cap-and-trade, emissions reduction credit, 

and averaging system, although in later years it may switch to a pure cap-and-trade programme.  

For the first five years, the cap-and-trade portion of the programme will be voluntary, with 

firms bidding on emissions reductions in a “descending clock” auction. The government has 

allocated £215 million over five years to be awarded to participating firms. In effect, the 

government will first propose a rate at which it will compensate participating firms for each 

tonne reduced.  If the total cost to the government of the reductions offered at that auction price 

exceeds £215 million, then the government will reduce the proposed rate per tonne until the 

total amount required does not exceed £215 million.  The resulting caps will be binding on 

participating firms, which may trade among themselves—and with others participating in the 

programme via alternative mechanisms—to meet their targets. 

Table 11. United Kingdom CO2 Emissions Trading Scheme 

Year •  Programme scheduled to begin in early 2002. 
Sources 
Included •  Participating firms and industries. Electricity generators excluded from cap-and-trade. 

Cap •  Depends on participation, including auction results. 

Allocation 
Type 

•  Auction initially (firms bid for emissions reduction credits below emissions baseline).  
•  Subsequent programme may grandfather.  

Metric •  Emissions adjusted according to emissions reductions bid under auction  
Allocation 

Years •  1998 – 2000 

Description 

•  The programme is voluntary, with three ways of participating: 
� Firms may bid an absolute CO2 emissions cap for a share of £30 million per-year 

after taxes, offered as an incentive by the government for five years. 
� Electricity generators are excluded from voluntary cap-and-trade programme. 
� Facilities are accountable for indirect emissions to allow participants to reduce 

overall energy consumption, but without “outsourcing” of emissions, e.g. by 
moving on-site electricity production off-site to a non-participating firm.  

� Allocations to participants will be a version of grandfathering that also 
incorporates the emissions reductions that each participant commits to under its 
winning auction bids.  

� Firms in energy intensive industries can negotiate agreements with the government 
under which they agree to achieve reduced emissions rate targets in exchange for a 
reduction in the new Climate Change Levy.  Targets can be achieved via trading. 

� Firms may opt-in to the programme by investing in projects that generate tradable 
emissions reduction credits. 
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Formula •  Allocation = 1998–2000 Emissions – Emissions Reduction Obligation 

Recipients & 
Set Asides 

•  Participating firms and industries. 
•  Because the programme is voluntary, no set-asides are expected. 

Future 
Changes •  After five years, the government may expand the programme and make it mandatory.  

Source: UK Department of the Environment, Transport and the Regions 2001. UK Department for Environment, 
Food & Rural Affairs 2001a. 
 

3. Norwegian Greenhouse Gas Trading Programme 

Norway is in the process of designing an emissions trading program to reduce its 

emissions of greenhouse gases. In 1999, a Royal Commission established to consider options for 

the trading program published its recommendations, and in June 2001 the previous government 

released a white paper outlining a number of design features.  The white paper also suggested 

several potential measures to limit emissions growth until the beginning of the first Kyoto 

commitment period in 2008. Although some details of the trading program have been worked 

out, many others remain to be determined, including the sources included, the final choice of 

allocation methods and, if and where relevant, the allocation years.  The Commission leaned 

towards the use of an auction, but the previous Norwegian government indicated that it might be 

necessary to provide allowances free of charge for a period of time to industries that were 

exposed to international competition. The present government intends to issue a supplementary 

white paper this year outlining a trading system to come into effect earlier than 2008.  

Table 12. Norwegian Greenhouse Trading Programme 

Year 

•  A Royal Commission—the “Quota Commission”—submitted a proposal on a 
greenhouse gas trading program in December 1999, for a programme to go into effect in 
2008. The new government reportedly intends to propose a programme to go into effect 
earlier than the original proposal by the Commission.  

Sources 
Included 

•  Sources will include “downstream” combustion sources as well as “upstream” energy 
producers. 

•  Roughly 80% of total Norwegian GHG emissions will be covered. 

Cap •  Cap from 2008 will be in line with Kyoto commitment. Potential caps for years prior to 
2008 have not been determined. 

Allocation 
Type 

•  Some combination of auction for firms presently subject to the CO2 tax and 
grandfathering for exempted firms.  

Metric •  Emissions 
Allocation 

Years •  Mechanism and years not determined 
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Description 

•  A majority of Commission members recommended that emissions quotas be auctioned, 
but current plans suggest an initial mix of auction plus grandfathering to sources that are 
currently exempt from Norway’s CO2 tax.  

•  One reason the Commission and the government favour auctioning is to maintain the 
principle that the polluter pays. In addition, any trading system would likely replace the 
current CO2 tax, which would result in lost revenue to the government under 
grandfathered or updating allocations. 

•  Free allocations would be grandfathered based on historical emissions, or possibly 
updated. The Commission also considered restricting the trading of any freely allocated 
allowances. 

Formula •  Formula not determined 

Recipients & 
Set Asides 

•  Regulated sources or winning auction bidders. 
•  In the event that the government adopts a program with a non-auction allocation, the 

Commission recommends that new sources not be eligible to receive free allocations. 
•  A final decision has not been made. 

Future 
Changes 

•  Initially, program was not expected to be implemented until 2008, but the new 
government may introduce a program before then.  

 
Source: Norwegian Ministry of the Environment 2001; Schreiner 2001; Stiansen 1999.  
 

F. Summary 

Table 13 summarises the main features of each of the programmes discussed above. The 

programmes vary significantly on a range of design variables. However, it is possible to make 

some general observations about the overall allocation mechanisms used. Most of the 

programmes base allocations on grandfathering mechanisms, but some have also combined 

these mechanisms with auctions.  In addition, several programmes dealing with NOX emissions 

from power plants in the United States have adopted some form of updating mechanism based 

on production or heat input. 

The metrics used by the different programmes span the three most plausible options: 

input- , output- , and emissions-based. Programmes that adopt an updating mechanism have used 

both input- and output-based metrics. It is worth noting that a number of programmes base their 

allocations on a metric that is not directly measured, but that is calculated using average factors. 

These mechanisms provide precedents for the possible proxies for a European CO2 trading 

programme, discussed below (Chapter VII). The formulas used by the programmes vary in their 

details, though all involve a proportional “scaling” of allocations to make the total equal to the 

desired cap. Finally, many of the programmes reserve set-asides for new sources, non-trading 

facilities, or auctions (whose proceeds are sometimes used to support related programmes). 
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Table 13. Allocations Under Existing and Proposed Programmes 
 

Programme Method  Metric(s)  Allocation 
Year 

Recipients Notes 

 A G U  I P E     

U.S. ODS Phase-out  �    � �  1 year Existing emitters in covered sectors. Production and emissions are 
effectively the same. 

U.S. SO2  � �   �    3-year average Existing emitters in covered sectors. 
Set-aside for efficiency & renewables 

 

    
California RECLAIM 
(SO2 and NOX) 

 �    � (�)  Max out of 4 
years 

Existing emitters in covered sectors. 
Additional credit allocations for early 
action. 

Detailed activity-level allocations 
by facility type approximate 
average facility-type emissions. 

U.S. OTC NOX  �     �  1 year States covered under OTC.   

Massachusetts OTC NOX   �  �  (�)   2-year max out 
of 3, 6 years ago

Existing emitters in covered sectors. 
Set-aside for efficiency & renewables. 

Updated every year. 

Other State OTC NOX  � �  � � �  Vary Various.  

U.S. SIP Call NOX    �  �    2-year max out 
of 5 

Existing emitters in covered sectors. 
Set-aside credits for early action. 

Updated every five years. 

Denmark CO2 (�) �     �  5-year average Existing emitters in covered sectors. 
Set-aside for non-participating sources. 

 

UK CO2 (�) (�)     �  3-year average Participating firms.  

Norway CO2 � (�)     �  Not set Winning bidders or existing emitters in 
covered sectors. 

 

Notes: A=Auction, G=Grandfather, U=Update; I=Input-based, P=Production-based, E=Emissions-based. 
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IV.  EVALUATION CRITERIA FOR ALTERNATIVE ALLOCATION 
MECHANISMS 

Emission trading has been recognised as an attractive means of achieving an emissions 

reduction goal for two primary reasons. First, as emphasised above, it offers the promise of 

minimising the cost of meeting a given target. Second, emissions trading programmes provide a 

convenient way for governments or regulatory agencies to ameliorate the economic effects of 

the new regulations in a targeted fashion through the initial allocation of allowances.32  

The issue we consider in this chapter is which mechanisms for initial allocation are 

preferable on one dimension or another. We approach the evaluation of prospective allocation 

mechanisms by dividing the evaluation criteria into two major categories: (1) efficiency effects; 

and (2) distributional impacts. 

A. Efficiency Effects 

The following are aspects of the initial allocation mechanism that affect the efficiency 

of the emissions trading programme. 

1. Compliance Costs 

These costs include the costs of installing new equipment, improving efficiency, or 

switching fuels to reduce CO2 emissions. Alternative allocation mechanisms should be 

evaluated with respect to whether or not they are likely to reduce compliance costs to the 

lowest theoretical level.  

2. Administrative Costs 

Any initial allocation mechanism will entail some administrative costs to set up and 

manage the system. Administrative costs will increase the total costs of a trading programme, 

and are likely to make a trading programme more expensive than the theoretical cost-

minimising programme. Some allocation mechanisms are likely to have more administrative 

                                                 
32 See Harrison 1992 and Harrison 1996 for discussions of the distributional impacts of emissions trading and the 

advantages of trading as a means to deal with adverse distributional effects of environmental programs in 
general and climate change programs in particular. 
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costs associated with them than others. For example, since data for an updating programme 

must be collected periodically, whereas data for a grandfathering programme is collected only 

once, updating programmes are likely to be more expensive to administer than grandfathering 

programmes. In addition to the costs associated with facility compliance and economic 

distortions, therefore, allocation mechanisms must be evaluated according to the magnitude of 

the administrative costs associated with their implementation.33  

3. Transactions costs 

The cost-minimising result predicted by theory depends on the assumption that firms 

can trade emissions allowances at zero cost. In fact, allowance trades are likely to cost 

something—either in search costs to identify prospective buyers and sellers, in brokerage fees 

paid to those that arrange trades, or in bureaucratic requirements imposed by the regulator. 

There also may be costs associated with the revelation of the information that is implicit in a 

transaction: some firms may be wary of revealing to the market or to competitors that they 

require additional emissions allowances, and therefore may be less likely to engage in trades. If 

there are high transactions costs and the initial allowance allocation is not the cost-minimising 

allocation, then the cost-minimising allocation is unlikely to be reached, because firms that 

would otherwise engage in allowance trades will choose not to do so because of the high 

transaction costs. The final allowance allocation and facility emissions levels therefore will not 

be the cost-minimising ones. 

If transaction costs are variable, the initial allocation of allowances can affect the level of 

trading, and therefore the equilibrium allowance price and the total cost of the programme. For 

example, if there are economies of scale that reduce transactions costs when a large number of  

trades are made, an allocation that is far from the final, least-cost allowance equilibrium (and 

which therefore requires a large number of trades) may achieve a lower overall cost than an 

allocation that is closer to the equilibrium and therefore entails higher transaction costs (Stavins 

1995).  

                                                 
33 It should be noted that because most administrative costs would not be borne by the facilities themselves, 

administrative costs generally should not affect facilities’ decisions regarding which emissions-control measures 
to adopt.  
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In the case of an EU CO2 trading programme, brokers and other intermediaries should 

arise to facilitate trading. The high total volumes of CO2 allowances also may result in 

relatively low brokerage fees for trades, and therefore low transactions costs. It is therefore 

likely that transactions costs will not have a major impact on the allowance market.34 

4. Product Market Distortions 

This criterion relates to existing or induced inefficiencies in product markets. Existing 

distortions are important because they affect the extent to which compliance costs can be 

minimised. One possible existing distortion related to the EU CO2 cap-and-trade programme 

concerns the regulation of electricity markets. In areas with traditional rate-of-return regulation, 

electric utilities may not have appropriate incentives to minimise costs, so allowance opportunity 

costs may not be reflected in prices, creating distortions (see e.g., Burtraw et al. 2001). 

Some allocation mechanisms also can create distortions in product markets because of 

the incentives to increase output and lower prices. As discussed above, updating programmes in 

which allocations vary with current and future production (or inputs closely linked to 

production) create inefficient incentives to expand production. The result is greater production 

of the goods than would be efficient.  

This criterion also encompasses potential cases in which an allocation mechanism raises 

issues related to competition among firms in different Member States. The only case in which 

this is likely to be an issue is if one Member State implements an updating mechanism. The 

domestic inefficiencies noted above can translate into problems of competition with other 

Member States for products involved in European or international trade.  

5. Interaction with Economy-Wide Tax Distortions 

Allocation mechanisms also may interact with existing distortions in the larger 

economy outside of the product sector, either to magnify or reduce them. The most prominent 

consideration here is the possibility that revenues generated by an auction can be used to offset 

                                                 
34 Note that if allowances were not fungible between Member States, smaller economies of scale could lead to 

higher transactions costs. 
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other government taxes, such as income or sales taxes, which have a distorting effect on the 

economy as a whole. The reduction in these distorting taxes produces a welfare gain.  

B. Distributional Impacts 

The distributional criteria involve several considerations related to the treatment of 

different segments of the economy.35 We distinguish the following effects:  

1. Sector Burden 

This factor reflects the overall impacts on the sectors controlled under the cap-and-trade 

programme. To what extent does the allocation mechanism compensate these sectors for the 

costs that are created under the programme? 

2. Impacts on Segments of the Economy  

This criterion relates to the effects of the allocation mechanism on different economic 

segments. “Segments” here refers to groups likely to be affected by alternative initial allocation 

schemes. Included are facility owners that face the possibility of “stranded costs” due to the 

cap-and-trade programme. Other segments include consumers affected by price increases, 

labour affected by changes in wage rates, and suppliers affected by reduced demand.  

3. Taxpayer Effects  

This criterion relates to the effects of the allocation mechanism on taxpayers as a group. 

As noted above, this issue concerns alternatives that provide government revenues and thus the 

possibility of taxpayer relief.

                                                 
35 In addition to the issues considered in this section, there is a subtle distributional issue that could arise at the 

Member State level. In general, distributional issues at the level of the Member State are intended to be 
comprehended entirely by the Burden Sharing Agreement. However, certain sectors in some Member States 
may include firms that are not owned by residents of the Member State. (For example, in the pulp and paper 
industry, 75 percent of industry capacity in Belgium is held by non-Belgian firms. In eight Member States, more 
than 50 percent of capacity is owned by firms based elsewhere.) Allocations to those firms would in effect 
amount to a payment that would not benefit Member State residents (unless they were shareholders), but rather 
would accrue to shareholders outside the Member State. 
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4. Rewards for Early Action 

This criterion relates to the effects of the allocation mechanism on individual firms that 

may have undertaken measures to reduce their emissions prior to the advent of the trading 

programme. The Commission has indicated its desire that the allocation mechanism chosen 

should reward these “early actions.” 



 

 n/e/r/a 
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V.  EVALUATION OF POTENTIAL INITIAL ALLOCATION ALTERNATIVES  

This chapter evaluates potential alternatives for initial allocation. We first describe a set 

of seven initial allocation alternatives as well as some additional features that might be added to 

any of the major choices. The following sections provide the evaluations, both for the major 

alternatives and for the additional features.  

A. Alternative Initial Allocation Mechanisms 

This section identifies seven allocation mechanisms that represent basic choices 

regarding initial allocation, as well as a number of the major modifications that might be added 

to any of the basic choices. The seven alternatives certainly do not exhaust the possible 

alternatives. Rather they provide indications of the implications of major choices.  

1. Overview of Major Allocation Options 

Table 14 lists the seven major allocation options considered in this chapter. A table at 

the end of the section summarises the major features of these allocation options. In addition, 

Appendix B provides evaluations of these options in tabular form, using a format similar to the 

one used in Chapter III.  

Table 14. Major Potential Allocation Mechanisms 

Allocation Option 

1.  Auction 
2.  Grandfathering (Direct Emissions) 
3.  Grandfathering (Input) 
4.  Grandfathering (Production) 
5.  Updating 
6.  Grandfathering (Direct Plus Indirect Emissions) 
7.  Grandfathering with Auction Phase-In 

 

Option 1 is an auction of initial allowances, presumably operated (or supervised) by the 

Member State. Options 2 to 4 involve grandfathering allocations based on three basic metrics. 

Option 5 includes updating based on future facility activity (either production or heat input). 

Option 6 involves an emissions-based grandfathering allocation that would calculate the 
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historical “indirect emissions” of the sectors and allocate to facilities based upon the sum of 

direct and indirect emissions. Option 7 is an option that combines initial grandfathered 

allocation with a phased-in auction. 

The following subsections provide additional information on these alternatives. 

a. Auction  

Auctioning of initial allowances would involve setting up the auction and determining 

how to handle the auction receipts. Auction design involves a range of complex elements. 

Implementation of auction rules typically requires careful work to ensure that strategic 

“gaming” does not jeopardise an efficient outcome. Although a detailed exploration of all 

facets of potential auction design is beyond the scope of this report, we consider some major 

considerations here. We also describe our assumptions regarding the treatment of revenues 

received from the auction mechanism. 

(1) Auction Design 

In designing the auction, Member States could take into account several criteria.36  

Among these could be the likelihood of achieving an efficient (least-cost) outcome, the 

minimisation of administration and participation costs, fairness of the final prices paid by 

bidders, and equal access for all bidders. Different auction designs may be better at fulfilling 

certain desirable criteria. One important decision is between a “sealed-bid,” or single round 

auction, and a multiple round auction.  

Under a sealed-bid auction, bidders would submit “demand schedules” that represent 

the number of allowances they would be willing to purchase at a number of different prices.  

The auctioneer collects all bids and combines the schedules to form an aggregate demand 

curve. Bidders are not permitted to revise their bids. The price at which the entire supply of 

allowances would be bought is the clearing price. Sealed-bid auctions can be designed so that 

all bidders pay the clearing price (“uniform pricing”) or, alternatively, they may stipulate that 

bidders must pay the prices submitted in their own demand schedules (“discriminatory 

                                                 
36 See Fischer et al. 1998, Sunnevåg 2001, and UK DEFRA 2001b. 
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pricing”). Uniform pricing is generally considered superior because under discriminatory 

pricing, bidders may understate their true valuations (see, e.g., Fischer et al. 1998). 

Considerable controversy surrounded the issue for the small portion (about 2.8 percent) of U.S. 

SO2 allowances that are auctioned. Some observers (e.g., U.S. General Accounting Office 1994 

and Cason and Plott 1996) have argued that making winning bidders pay their bid price distorts 

the market.  Other observers point out that whatever problems there may have been initially in 

the auction design have disappeared as an active market outside the auction developed (Joskow, 

Schmalensee and Bailey 1996). Note, however, that any problems would be more severe if the 

auction were used to distribute all initial allowances—or even a substantial share—which might 

be the case for some Member States over some time periods. 

The major advantage of multiple round auctions is the possibility of additional 

information available to bidders. Single-round sealed-bid auctions have the advantage of being 

relatively easy to administer, but they tend to limit the information that firms receive about the 

likely clearing price. Since firms will be able to trade allowances, it is helpful to them to have 

information of the value of allowances to other firms. Under multiple round auctions, 

participants can submit initial bids but then may be allowed then revise them based on 

information about other bids, depending on the particular auction rules. Under an “ascending 

clock” auction, the auctioneer announces a starting price that is lower than the expected 

clearing price. Participants inform the auctioneer of the number of allowances that they would 

be willing to buy at this price. If the number of allowances demanded at this price exceeds the 

cap set under the trading programme, the auctioneer announces a higher price, and may also 

reveal information about the bids received, such as the amount by which the cap was exceeded 

or the distribution of quantities bid. Participants submit new bids at the new price, and the 

process continues until the cap is not exceeded.  

The benefit of the multiple rounds is that the information provided in earlier rounds 

reduces the amount of time and energy that participants must devote to predicting the clearing 

price in advance.37 This may benefit participants without the resources to devote to such an 

effort. One disadvantage of multiple round auctions is that they may provide more 

                                                 
37 A multiple round descending clock auction also could be used, although it would not permit the revision of bids 

and has discriminatory pricing features similar to those found in certain types of sealed-bid auctions. 
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opportunities for collusion between bidders. However, detailed rules about allowable bidding 

may be used to make such collusion more difficult. 

(2) Auction Receipts 

Auction receipts can be returned to the economy through additional spending, through 

reductions in various existing taxes, or through direct recycling to bidders. Since a CO2 auction 

might raise substantial revenues, these choices are likely to be highly controversial. As several 

commentators have pointed out (see, e.g., Goulder et. al 1997), the use of the auction receipts to 

reduce other taxes can benefit the overall economy. Because other taxes tend to distort various 

choices and thus create inefficiencies (e.g., the income tax distorts the choice between income 

and leisure and thus creates inefficiencies in labour markets), some economists have suggested 

that these tax-displacement effects might make the environmental benefits essentially free.38 

Studies that have examined the issue using general equilibrium models to assess the effects of 

emission trading markets have reached moderate conclusions. In general, they find that using 

auction revenues to reduce distorting taxes lowers but does not necessarily eliminate the net 

cost to the economy of reducing emissions.  

One alternative to using auction revenues to reduce distorting taxes would be to recycle 

them directly to the sources that are required to hold emissions allowances. In principle, the 

mechanisms used to determine the amount of revenues to be recycled to individual firms could be 

identical to the mechanisms considered for allowance grandfathering. Auction revenues could be 

distributed based on historical emissions over some period, for example.  This option for revenue 

recycling would have effects identical to emissions-based grandfathering. As a consequence, it 

would not be expected to reduce inefficiencies caused by distorting taxes.  Because the effects of 

such revenue recycling would not differ from those under the corresponding form of 

grandfathering, we assume in this report that auction revenues are recycled in a way that reduces 

distorting taxes and benefits consumers and affected labour forces directly. 

                                                 
38 This argument has also been referred to as the notion that allowance auctions could provide a “double dividend.” 
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b. Grandfathering Options 

Under the emissions-based grandfathering option, allocations to individual facilities 

within the relevant Member State would be based on each facility’s share of the Member 

State’s overall historical CO2 emissions over the selected allocation period. Current 

conventions would exclude CO2 emissions from the combustion of biomass. Note that not all of 

a Member State’s Assigned Amount under Burden Sharing would be allocated to sectors 

participating in the trading programme—the transportation sector, for example, is unlikely to be 

included. Consequently, Member States must decide the level of emissions to allocate to trading 

sectors and the corresponding level of emissions to be set-aside for non-trading sectors. 

Input-based and production-based mechanisms (Options 3 and 4) are more complicated 

to define than mechanisms based on emissions. There are two aspects of these alternative 

mechanisms that make them more complicated than emissions-based mechanisms. First, it must 

be decided what proportion of the total emissions allocation each sector will receive. To assign 

sectoral allocations, it may be necessary to rely on a sectoral allocation metric that is 

comparable across sectors. One obvious metric to use for this purpose would be sector-level 

emissions totals.39 Another alternative would be to use the expected emissions assuming that 

the least-cost emissions reductions are adopted, such as the ones predicted by the Sectoral 

Objectives Study discussed in Chapter I. In general, for the purposes of this study we consider 

these two options, though many others would be possible. 

Secondly, it must be decided what are the appropriate metric(s) of input or production. 

For the electric power sector, for example, heat input is the obvious input-based choice, and 

electricity production is the appropriate production metric choice. If the heat sector is added, 

however, the production-based case becomes more complicated, because some formula must be 

chosen to compare electricity production to heat production.  

In the pulp and paper and the cement sectors, the choice of metrics becomes even more 

complicated. For input metrics, some measure of energy input might be used for the pulp and 

                                                 
39 An alternative metric that would be common to all sectors is the monetary value of the goods produced or the 

value added by the producer. However, although monetary value provides a common way of comparing 
heterogeneous products, it is not clear that it would be a sound basis for sector-level allowance allocations. 
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paper and cement sectors, but these run the risk of double-counting electricity inputs produced 

by power generators.40 In addition, for both sectors, energy input data would probably be 

supplemented with data on inputs that are associated with process emissions. For example, in 

the cement sector, fuel-use could be combined with total clinker use to form an input-based 

metric. Possible production metrics for the cement sector include tonnes of finished cement and 

tonnes of clinker. For the pulp and paper sector, one crude option would be to base an 

allocation on total tonnes of product; a slightly more refined but similar option would allocate 

first to pulp production and paper production separately, and then base the plant-level 

allocation on the total tonnes produced of each of these. It may be difficult to avoid the 

appearance of arbitrary rules when adding together heterogeneous products to determine total 

weighted production levels.  

c. Updating 

Option 5 is based on “updating.” As noted above, updating mechanisms compromise 

one of the attractive features of emissions-trading programmes, namely, their ability to achieve 

least-cost emissions control outcomes. Updating mechanisms create an incentive for the 

quantity that is used as the metric for the allocation.  This entails increased costs, but may be 

viewed by some as fairer if different sectors are expected to grow at different rates. Because the 

overall allocation would conform to the Burden-Sharing Agreement, this option would not 

affect Member State allocations, even if some Member States grow at faster rates than others.  

However, within Member States this option would update the allocation to individual sectors 

and to companies within those sectors. 

Like certain grandfathering options, the updating mechanism would require a sectoral 

allocation rule before allocations are made to individual facilities. As with the other cases, the 

metric used for this sectoral allocation would have to be applicable across sectors.  Again, 

possible candidates could include historical emissions, expected emissions levels, or the 

monetary value of goods produced.  

                                                 
40 Another factor to consider is whether or not heat input from biomass fuels should count towards a heat-input 

based allocation mechanism.  As illustrated in the Finland case study in Chapter IX below, this can have 
beneficial outcomes for industries that rely on biogenic fuels, such as the pulp and paper sector. 
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d. Direct Plus Indirect Emissions 

Option 6, the grandfathering allocation based on direct and indirect emissions, 

represents an attempt to compensate sectors for the cost pass-throughs they face as a result of 

the new requirements. Some industry groups, particularly those in energy-intensive industries, 

have been concerned that grandfathered allocations based on “direct” emissions from their own 

facilities would not protect them sufficiently from all of the costs of a proposed emissions 

reduction programme. According to this view, allocations based on “direct” emissions do not 

account for the additional costs of buying electricity, for example, from external suppliers. If 

these suppliers are able to pass on the additional costs of the emissions reduction programme to 

their energy-intensive customers (through higher prices), the energy-intensive industries could 

end up paying a significant portion of the additional costs.  

One way to soften the impact on energy intensive-industries directly would be to 

recycle revenues raised from allowance auctions to these industries - possibly through reduced 

tax burdens. An alternative to this kind of targeted auction revenue recycling would be an 

allocation mechanism - but not an accountability mechanism - based on "indirect emissions." 

Under this allocation mechanism, allowances would be distributed to sectors and facilities 

according to the amount of emissions associated with the production that the sector was 

responsible for, regardless of which sources were directly responsible for the actual emissions. 

For example, a paper mill that received electricity from the power grid would receive an 

allocation of allowances based on its own emissions plus the average emissions associated with 

power from the grid. This would lessen the overall impact on the paper mill of any increase in 

the price of electricity due to the carbon constraining policy: after it controlled to the efficient 

level the mill would, for example, be able to sell any additional allowances at the market price. 

Of course, an indirect allocation would also mean that the electricity generators producing the 

power used by the paper mill would not receive an allocation for that portion of their own 

direct emissions. Naturally, electricity producers would be able to purchase the allowances 

from paper mills or from other participants in the trading programme. Paper mills or other 

recipients of an indirect emissions allocation could also offer electricity generators their 
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(indirect) emissions allowances in exchange for discounts on their electricity purchases - 

effectively "paying" for their electricity with allowances.41  

It is important to recognize that incorporating indirect emissions can lead to distortions 

in the trading program if facilities are accountable for their indirect emissions, and do not 

simply receive an allocation based on them.  The reason is that the correct CO2 price signals 

would not be sent to the affected sectors or to electricity generators, because the price of 

indirect emissions would be associated with grid-average emissions costs, rather than with the 

marginal emissions costs of particular plants.  However, because the decision about 

accountability can be separated completely from the choice of allocation, we do not consider 

the accountability issue any further here.  

e. Grandfathering with Auction Phase-In 

The final allocation option considered here recognises the possibility that a Member 

State may not choose a single mechanism for initial allocation of allowances. Under option 7, a 

Member State would combine initial grandfathering with an auction that would phase in over 

time. Pure grandfathering might be used for the first three years, for example, with the auction 

phased in gradually over subsequent years. The precise phase-in schedule could of course vary 

considerably. 

f. Summary of Basic Initial Allocation Alternatives 

Table 15 on the next page summarises the major features of the seven basic initial 

alternatives considered in this section.    

2. Allocation Option Variations 

The following variations could be applied to any of the basic options outlined above.  

                                                 
41 In a more general fashion, emission allowances could be bundled with energy products (e.g., a coal supplier 

delivers both coal and allowances to the power plant) or with payment for energy products (e.g., a paper mill 
“paying” in both money and allowances, as in the example); this bundling would be a natural result if non-
accountable entities upstream or downstream to the accountable entity received allowances in the initial 
allocation. 
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a. Alternative Allocation Year(s) 

Many alternatives are available for choice of allocation year(s). The choices include a 

single year, the average of several years, or the maximum value over several years, among 

others. Of course, the potential options may be significantly constrained by the availability of 

data for the years in question. 
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Table 15. Summary of Initial Allocation Options Evaluated 

 Allocation Option Method Metric(s)  Allocation Year Recipients 
  A G U I P E    
1. Auction �     �  To be determined depending on 

Member State data availability. 
Winning auction bidders. 

2.  Grandfathering 
(Direct Emissions) 

 �    �  To be determined depending on 
Member State data availability. 

Existing emitters (facilities) in capped sectors. 

3. Grandfathering 
(Input) 

 �  �    To be determined depending on 
Member State data availability. 

Existing emitters (facilities) in capped sectors. 

4. Grandfathering 
(Production) 

 �   �   To be determined depending on 
Member State data availability. 

Existing emitters (facilities) in capped sectors. 

5. Updating    �  �   To be determined depending on 
Member State data availability. 

Existing and new emitters (facilities) in 
capped sectors. 

6. Grandfathering 
(Indirect Emissions) 

 �    �*  To be determined depending on 
Member State data availability. 

Existing emitters (facilities) in capped sectors. 

7. Grandfathering with 
Auction Phase-In 

� �    �  To be determined depending on 
Member State data availability. 

Winning auction bidders. 
Existing emitters (facilities) in capped sectors. 

Notes: A=Auction, G=Grandfather, U=Update; I=Input-based, P=Production-based, E=Emissions-based. 
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b. Early Action Credits 

The Commission has indicated its interest in rewarding early action.  As discussed in the 

evaluation section that follows, this can be addressed through the choice of allocation metric, 

including the choice of allocation year or years.  Another alternative is to allow facilities to earn 

“early action credits.”  These credits would be additional allowances provided to facilities or 

firms that reduced their GHG emissions after the base allocations were determined but before 

facilities were actually required to reduce emissions under the cap-and-trade programme.  

c. New Source Set-Asides 

Some allowances could be reserved for new sources. This feature is implicit in the 

updating approach. Such a set-aside potentially could be applied to grandfathering mechanisms, 

but the basis for the allocation would be less clear. In addition, the justification for new source 

set-asides under grandfathering is more questionable, because new sources do not have any 

“stranded assets” for which they might expect to be compensated. Depending on their 

implementation, new source set-asides under grandfathering could lead to inefficient incentives 

for establishing new sources of production, as opposed to expanding existing sources.  

d. Grandfathering with Shut-down Forfeiture 

Under an updating mechanism, facilities that shut down would lose their allocation, 

possibly after some delay, because all activity at the facility has ceased. Under grandfathering 

mechanisms, facilities that shut down would continue to receive their allocation in perpetuity, 

or at least as long as free allocation continued.  It would be possible to design a grandfathering 

allocation mechanism that did not allocate allowances to facilities that ceased operations.  

However, such an allocation mechanism could lead to “gaming” in which facilities that would 

otherwise shut down attempted to appear to be “operating” so that they continued to receive 

their allocation. This situation could occur, for example, if the fixed costs of keeping the 

facility “open” were less than the value of the allocation received under grandfathering. 

e. Bonus Allowances (Credits) for New Renewables or Other Projects 

It would be possible to incorporate bonus allowances, or “emissions reduction credits” 

into any of the allocation mechanisms discussed above. Bonus allowances could be granted for 
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new renewable facilities to encourage their development, or allowances could be granted for 

land-use decisions, such as reforestation. In many cases, such credits would constitute a 

subsidy—for example, offering credits for renewable electricity projects within the EU would 

reward them over and above the advantage they would already receive because they are not 

required to pay for CO2 emissions allowances. However, under certain regulatory regimes (for 

example, if CO2 emissions from biomass fuels were not assumed to be zero) it would be 

appropriate to incorporate credits for the sale of biomass fuel. It might also be appropriate to 

award credits for projects that reduce GHGs outside of the EU, as would be allowed under the 

Kyoto agreement.42  

                                                 
42 See Harrison et al. 2000 for a discussion of issues related to determining baselines for project credits. 

B. Evaluations of the Efficiency of Initial Allocation Alternatives 

This section and the next use the criteria outlined above to evaluate the seven major 

initial allocation alternatives. This section discusses the efficiency criteria and the following 

section discusses the distributional criteria. Table 16 provides an overview of the evaluations 

for both efficiency and distributional objectives, using circles that provide a five-level ranking 

from best (solid black) to worst (solid white). 

1. Compliance Costs 

As emphasised above, emission trading provides the potential to achieve a particular 

emissions target at the minimum cost of compliance. This potential is not compromised by the 

design of the seven allocation alternatives, with the exception of the updating alternative. 

An auction would require sources covered by the cap-and-trade programme to pay for all 

emissions. The minimum cost of achieving the cap would be achieved because all cost-

minimising firms would control to the point at which their marginal control costs are equal to the 

allowance price. Any deviations from the cost-minimising control levels would result in a higher 

cost to the firms. For firms operating in competitive markets, all of the various grandfathering 

mechanisms would share this cost-minimising feature with auctions. (As noted above, this 

conclusion assumes that the allowance market is competitive (see e.g. Jaffee 2000), and includes  
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the assumption that product markets are not distorted, for example by the rate-of-return 

regulation that affects some electricity generators.) Although firms receiving grandfathered 

allowances would receive the allocations for free, they would face an opportunity cost for each 

tonne they emit because they could also sell their allowances at the market price. Decisions to 

control would take into account these opportunity costs and therefore the costs would be reflected 

in product prices. Grandfathering of initial allowances thus does not affect the marginal costs of 

control that each firm faces and does not distort choices among control alternatives. 

In contrast to these other mechanisms, compliance costs under updating would be higher 

than the cost-minimising level, because updating creates an inefficient incentive for firms to 

produce output beyond the least-cost equilibrium point in order to win a greater share of the 

allocation. Under updating, additional production is rewarded with additional future allowance 

allocations (subject to the total cap).43 As a result, firm costs are reduced by the discounted value 

of the future allocation that it will receive. Since the incentive-adjusted production costs are lower 

than under grandfathering or auctions, firms will not reduce production as much, and prices will 

rise less in the product market than they would in the other cases.  

As firms produce more they are still required to keep emissions below the cap set by the 

available allowances. Under updating, therefore, the average emissions rate per unit of 

production declines. The allowance price would increase as firms undertake more expensive 

measures for reducing emissions. These measures, however, are not the most cost-effective 

way of reducing emissions. It would be more cost effective, and would yield greater net 

benefits, if the emissions cap were achieved by further reducing output. This option is thwarted 

by the incentive effect of the updating mechanism. Unless the costs faced by the firm are 

permitted to rise to the appropriate levels, reduction in output and consumption will be an 

under-utilised emissions-reduction option. Put another way, the firms as a group would have to 

implement additional—and more expensive—emissions controls to achieve the emissions cap. 

                                                 
43 Note that similar arguments can be made for an updating program based on heat input, except that the incentive 

is to use more heat-intensive fuels and not improve heat rates.  An updating mechanism based on emissions is 
unlikely to have such inefficient incentives, however, because the overall cap prevents overall emissions from 
increasing.  Emissions-based updating would be similar to a system in which auction revenues were recycled to 
firms in proportion to their auction expenditures in prior years. 



 
 Evaluation of Potential Initial Allocation Alternatives 70  
 

 n/e/r/a 
Consulting Economists 

 

Updating also may have perverse effects on the markets for substitute goods. Consider, 

for example, an updating metric in the electricity sector. The allocation mechanism is likely to 

result in lower prices for electricity. However, updating also will increase electricity 

generators’ demand for natural gas, because generators will attempt to produce more electricity 

with the same emissions cap, and will rely more heavily on less CO2-intensive fuels. This 

increase in demand for natural gas would place upward pressure on the price of natural gas.  

Thus while consumers could receive lower electricity prices, they also could face higher prices 

for natural gas. Updating could end up harming customers through higher natural gas prices 

even though electricity prices are lower (See Burtraw et al. 2001).  

2. Administrative Costs 

The seven alternative initial allocation mechanisms could differ in their administrative 

costs, although it is difficult to estimate these costs precisely. Administrative costs are likely to 

be lowest for the auction and the three grandfathering options. The costs are likely to be highest 

for the updating option, because information would have to be collected continuously. 

Grandfathering with indirect emissions and the auction phase-in options probably would have 

intermediate administrative costs. 

There are two major sources of administrative costs under an auction: auction design 

and the actual oversight of the auction. As noted above, there are major issues related to auction 

design that would have to be addressed. But most of these costs would occur only once, when 

the programme was established. In addition to the initial design of the auction, it would have to 

be administered periodically—probably annually. The auction option would therefore involve 

some ongoing administrative costs. 

The administrative requirements associated with grandfathering systems differ from 

those associated with auctioning, although the overall costs may be comparable. The primary 

administrative cost associated with grandfathering is the cost of collecting the data that are to 

be used as the basis for the allocation. As discussed in considerable detail in subsequent 

chapters, not all of these data are in the public domain, and firms may be reluctant to release the 

data even if they collect them, because of concerns over revealing competitive information. The 

greater the number of sources included in the programme, the larger the data needs, and 
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therefore the higher the administrative costs. Similarly, if multiple allocation years are used to 

determine the allocation, the cost of collecting the data would be higher than if a single year is 

used. 

Administrative costs are likely to be roughly the same under the various grandfathering 

metrics, although initial data acquisition costs may be slightly less under production-based 

grandfathering than under emissions-based grandfathering, because it may be more common 

for firms to collect data on production than emissions. Of course, production data may be 

commercially sensitive, and firms may be reluctant to release them.  In addition, the cost to an 

administrator of developing (and defending) formulas that allow the comparison of 

heterogeneous products may outweigh any initial data cost benefits from a production metric. 

Similar input-comparison issues may arise under an input-based grandfathering mechanism. 

Administrative costs under production updating are likely to be substantially greater 

than these other options because of the ongoing need to collect the relevant data. The sum of 

these administrative costs may be substantial.  It is possible that some data needed for the 

metric would be identical with data required for the emissions monitoring associated with the 

enforcement of the trading programme and the use of allowances. Thus some of the data costs 

would not represent a net increase.  

The administrative costs under the indirect-emissions option are likely to be relatively 

large as well. In addition to determining the direct emissions from facilities, it would be 

necessary to estimate the indirect emissions for which each facility is responsible. It would then 

be necessary to add this amount to the direct emission totals of those facilities and subtract 

them from the emissions totals allotted to the power generation sector.  It is also likely that this 

mechanism would involve more demands for administrative review by industrial sectors and 

electricity and heat generators. 

The combination of grandfathering with an auction phase-in would have somewhat 

greater administrative costs than the two components taken together, because of the need to 

develop the phase-in details. These additional costs are not likely to be substantial.  
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3. Transactions Costs 

The choice of initial allocation mechanism should not affect the transactions costs of 

trading substantially. Indeed, transactions costs are not likely to be substantial for any of the 

initial allocation alternatives. In a market for CO2 allowances, transactions costs per allowance 

would be relatively low because of the sheer volume of allowances that are likely to be traded.  

4. Product Market Distortions 

The effects of alternative initial allocation options on product markets and 

competitiveness raise several issues. It is useful to consider basic conclusions and then consider 

some complications that affect the basic results. 

a. General Results 

Under an emissions trading programme, product markets would be affected by the 

increased costs associated with emissions reduction measures as well as by the allowance 

purchases (or the opportunity cost of allocated allowances). These increased costs would lead 

to higher prices for affected products. These changes in the product market generally are not 

considered “distortions,” however, because they reflect the social costs of achieving the 

required emissions reductions.44  

It is important to point out that the appropriate product price signals would occur under 

grandfathering (subject to the complications discussed below), even though firms would 

receive allowances for free. As noted above, grandfathering of initial allowances generally 

provides the correct price signals because the grandfathered allowances carry an opportunity 

cost, i.e., firms would be able to sell the grandfathered allowances at the allowance price and 

thus would treat their use of the allowances to cover emissions as if it incurred a cost even if 

the firms received the allowances for free. 

                                                 
44 A related but separate question is whether the emission target is set appropriately, in light of the costs and 

benefits of controls. This benefit-cost issue generally is not considered in analyses of the efficiency of emissions 
trading programs, which emphasise cost-effectiveness (i.e., minimising the costs of achieving the given 
environmental objective).  
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It is also important to point out that the relative size of grandfathered allocations to 

firms (either within a Member State or among Member States) would not affect product market 

competition. Some firms, for example, might be allocated more allowances than they would 

require under a business as usual regime without any emissions cap.  This could happen, for 

example, if an allocation were set to reflect projected sectoral growth that subsequently failed 

to materialise. Under such a scenario, the recipient would be expected to have surplus 

allowances even if it did not reduce its emissions at all, and therefore would be able to sell its 

excess allowances to receive a “windfall profit” from them. Even under such a circumstance, 

the “windfall profit” would not necessarily provide a competitive advantage to the firm that 

received it. The “windfall” would not affect the firm’s marginal costs of production, and thus 

would not affect its costs relative to other firms.45 

The same argument applies to concerns regarding “surplus allowances.” It is almost 

certain that that if all allowances are grandfathered, some firms will receive “more allowances 

than they need” after firms have reduced emissions. Certain sectors also would receive surplus 

allowances. Because marginal costs are unaffected by such allocations, they should not present 

competitive concerns. Indeed, the premise of any trading programme is that sources sell surplus 

allowances, since this provides an incentive to reduce emissions. Prohibiting a firm from selling 

its surplus allowances—which may only have become “surplus allowances” after a firm reduced 

its initial emissions—would eliminate the incentive to reduce emissions. This would in turn 

eliminate the cost-minimising features of emissions trading. The goal of an emissions trading 

programme is to encourage recipients with low control costs to reduce their emissions below the 

amount that they are allocated so that they may trade the surplus to higher-cost recipients.  

b. Complications 

The above considerations indicate that the choice of an allocation mechanism generally 

would not create distortions in product markets. There are, however, two situations in which 

distortions in product markets would be relevant. The first relates to existing distortions that 

                                                 
45 The only potential concern here would be that if the windfall were substantial, it could place the receiving firm 

at an advantage with respect to the amount of capital available to it for further investment.  If capital market 
constraints exist for some or all firms, then a substantial capital windfall could advantage the receiving firm.  
See CCAP 1999b for additional discussion of these issues.. 
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would compromise the performance of the grandfathering alternatives. The second relates to 

distortions that might be created as a result of the updating option.46 

In the case of entities subject to traditional rate-of-return regulation, the appropriate 

price signals would not be guaranteed under grandfathering. If allocations were treated as 

having zero cost for ratemaking purposes, the opportunity cost of the allowances would not be 

reflected in prices. In this case, the use of grandfathered allocations would create distortions in 

the product markets. These distortions in turn would lead to greater compliance costs. These 

distortions could affect trade among Member States as well. (See, e.g., Burtraw et al. 2001.) 

Updating also can create distortions in product markets, although the extent of the likely 

distortion would depend upon the number of Member States that adopt updating and the nature 

of the products. Before considering this complication, it is useful to reiterate why updating can 

create distortions in product markets. As noted above, updating creates an inefficient incentive 

for output, thereby creating a depressing effect on the product market price that reduces the 

emission-related opportunity cost of increased emissions.  

This fundamental point about updating mechanisms is worth stressing. Updating 

mechanisms create distortions in the economy that reduce the welfare of consumers and 

producers. A production-based updating programme, for example, results in wasted 

expenditures on control equipment and fuel switching—driving up the price of low-emissions 

fuels—in order to maintain production at an elevated level. The same emissions reductions 

could be achieved for lower cost by reducing consumption and production, but under the 

updating mechanism, this output reduction will be reduced substantially. 

As discussed in Chapter II, however, the effect of firm cost changes on prices depends 

upon the relative size of the segment of the market that is affected by the cost increase. If a 

relatively small part of the market were affected by a cost increase, market prices would not be 

affected. In contrast, if all firms in the relevant market incurred the added costs, at least part of 

the higher costs likely would be passed on to consumers in the form of higher prices.  

                                                 
46 As noted above, distortions could also arise if the trading programme made firms accountable for their indirect 

emissions, but since this is not directly related to the allocation choice, we do not address the issue here.  
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These considerations mean that the distorting effects of updating on product prices would 

differ depending upon the number of Member States that adopted the updating approach. If only 

one small Member State were to adopt updating, the implicit output subsidy might not depress 

prices below the cost-minimising level, because the product price across the entire EU would not 

reflect changes in costs for firms within a single Member State. Thus the implicit output subsidy 

under updating would in fact amount to a competitive advantage for the subsidised firms, which 

would receive the subsidy and the higher EU-wide prices.  In contrast, if updating were to be 

adopted by Member States that accounted for a substantial share of the product market, product 

prices likely would be distorted.  Note that for global markets—in which EU suppliers are a 

relatively small part—even if all Member States independently adopted an updating mechanism it 

might not have distorting effects on product prices, because EU cost changes would not affect the 

international market prices.   

c. Removal of Tax Distortions 

One of the advantages of an auctioning mechanism is that it generates government 

revenues that can be used to offset revenues collected via other means. If these other revenue 

sources distort the economy (as do taxes on labour and capital), then the auction revenues can 

be used to reduce economic distortions and increase overall economic efficiency. Thus, 

provided that auction revenues are actually used to reduce economic distortions, they produce 

efficiency gains for the economy that would not be realised with grandfathering mechanisms. 

The hybrid allocation option considered here—that is, grandfathering with a phased-in 

auction—would provide some of these efficiency-enhancing benefits.  Because there is no 

auction component in any of the pure grandfathering mechanisms, there are no associated tax 

reduction benefits.  

C. Distributional Impacts of Initial Allocation Alternatives   

This section provides the evaluations of the effects of alternative allocation options on 

various groups. As noted, we consider effects on sectors, on producers with possible stranded 

costs, on consumer and labour groups, and on taxpayers.  We also consider implications for 

rewarding firms (or sectors) that have undertaken early action to reduce emissions. 
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1. Distribution Among Sectors 

The allocation options differ substantially in their potential impacts on the sectors 

included in the cap-and-trade programme. Under an auction, sectors would pay both for costs to 

reduce emissions to comply with the cap and for the allowances for emissions that are allowed 

under the cap. Thus, the auction has the worst consequences for covered sectors, unless 

revenues are refunded to sectors directly.  

Grandfathering provides the greatest distributional gains for sectors. From a qualitative 

perspective, the specific formula used to distribute the grandfathered allowances would not 

affect the overall sector impacts. As emphasised in the empirical studies presented in the 

subsequent chapters, however, the specific mechanism used to grandfather allowances could 

have substantial distributional effects among sectors (and of course among firms within a 

sector).  Note that the combination of grandfathering and auction phase-in provides sectors with 

some but not all of the benefits of full grandfathering. The portion of benefits would depend 

upon the specifics of the phase in. 

Updating’s effect on sectors would depend crucially on the extent to which it were 

adopted across the EU. The evaluations in Table 16 reflect the assumptions that most Member 

States adopt an updating mechanism and that products are sold in EU-wide markets. In this 

case the value of the allocation would be offset by the lack of price increases. Lower prices 

would mean lower revenues for firms, despite the additional costs of production. If few 

Member States updated, however, the affected sectors would receive an allocation as well as 

production incentives, and on top of that would enjoy higher prices. 

Grandfathering based upon indirect emissions provides intermediate results because of 

its adverse effect on the heat and power sector. Although other covered sectors would be 

advantaged by including estimates of indirect effects in their allocation, electric and heat 

facilities would be disadvantaged. 

Under input- and production-based allocation metrics, an initial allocation of the total 

allowances allotted to each Member State must be made to each sector. (The alternative is to 

define product weightings for heterogeneous products across sectors, which is likely to be far 

more difficult than defining weightings within sectors.)  The allocations to each sector may be 



 
 Evaluation of Potential Initial Allocation Alternatives 77  
 

 n/e/r/a 
Consulting Economists 

 

based on historical emissions, in which case they will be the same as under emissions-based 

grandfathering, or on expected emissions. Other sectoral allocation options are possible, but run 

the risk of being perceived as arbitrary.  Different sectoral allocations will affect the 

distribution of allowance revenues to sectors as a whole and to firms within them. 

2. Stranded Costs Effects 

By increasing the marginal costs associated with continued operations, an emissions 

trading programme can reduce equity values for owners of existing covered facilities. Since the 

previous investments in existing facilities were made in good faith compliance with existing 

environmental regulations, these reductions in equity values could be seen to constitute 

“stranded assets” as a result of the GHG trading programme. 

Under an auction mechanism, firms that have invested in capital equipment based on 

market characteristics associated with the earlier regulatory regime would not necessarily 

receive any compensation for these stranded costs. There is some justification for compensating 

firms for these costs, since otherwise the auction would deprive them of some value. A 

grandfathering mechanism can reduce the stranded costs faced by firms that have existing 

capital investments. The allocation received under the grandfathering mechanism offsets the 

reduction in the value of firms’ existing capital assets.  The amount of grandfathered 

allowances that would be required to offset stranded costs completely would depend on the 

expected allowance price, the characteristics of the product market, and the characteristics of 

firms’ existing capital investments. All stranded costs could be offset without grandfathering all 

available allowances.47 

After the new regulatory regime has been in effect for some time, the justification for 

compensating firms for stranded costs becomes less clear. Firms would make new capital 

investments based on the new regulatory regime, and the value of their earlier assets would 

depreciate over time. Consequently, based on this criterion, it may be reasonable to phase out the 

grandfathering mechanism and phase in an auction.  

                                                 
47 See Bovenberg and Goulder 2000. It is also possible that stranded costs would be so high that even if all 

allowances were grandfathered it would not offset stranded costs completely. Jensen and Rasmussen 1998 
examines the relationship of allocation to stranded costs for Denmark. 
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Although firms’ existing facilities may face stranded costs under the new regime, new 

facilities developed by existing firms or new entrants do not face stranded costs. Owners of new 

facilities would not incur losses in equity values as a result of the trading programme. Any 

decision to build a new facility would be made with full knowledge of the costs associated with 

the emissions trading programme, and these emissions-related costs therefore presumably would 

be covered by expected revenues. New sources will enter the sector only if it is profitable to do. 

Thus, new facilities do not have “stranded assets.”  Insofar as grandfathering is viewed as an 

attempt to mitigate against these stranded costs, there is little justification for grandfathering 

allowances to new facilities built by existing firms or by new entrants. Moreover, new facilities 

face the same marginal costs as existing facilities, under grandfathering, auctions, or some hybrid 

combination. 

3. Consumer and Labour Effects 

The effects on consumers and on the labour markets connected to the sectors covered by 

the trading programme will depend on the extent to which the sectors are able to pass their 

costs on to consumers and back to their suppliers.  Costs are passed on to consumers through 

higher prices, which rise depending on the elasticities of demand and supply. Under all the pure 

grandfathering mechanisms, consumers do not receive a share of allowance revenues (although 

in theory allocations could be made to consumers). Under the auction, revenues could be 

targeted to reduce burdens on consumers. 

Costs would be passed back to suppliers through lower prices and reduced sales, 

depending on the availability of substitutes. For example, the costs of a CO2 cap-and-trade 

programme are likely to be felt by the coal industry, even though the industry is not directly 

included, via fuel switching away from coal. Under emissions grandfathering to the sectors 

considered here, the coal sector would not receive an allocation to defray the impacts of the 

programme.  Under an auction system, some revenues could be allocated to the coal sector.  As 

with some of the earlier criteria, hybrid mechanisms that incorporate auctions allow this 

possibility.  

The effects of the updating mechanism on consumers, suppliers, and labour are different 

from the effects under most of the other options considered. Under updating, product prices 
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may not rise as much as they do under auctioning or grandfathering, so the effect on consumers 

within the sector could be quite limited. Consumers therefore would not reduce their 

consumption as much in the product market because they do not see as large a price increase. 

Negative effects on sectoral employment also might be reduced as firms produced more, but 

the precise effects on the sectoral labour force would depend on the role of labour in the 

production process. The effect on firm suppliers is also uncertain—inputs associated with 

higher-than-average emissions will be more disadvantaged, because firms must achieve lower 

average emissions rates than under grandfathering and auctioning. 

4. Taxpayer Effects 

Under the grandfathering and updating alternatives, taxpayers do not receive any 

particular benefit from the allocation mechanism. Under the pure auctioning and hybrid 

auctioning mechanism, taxpayers can expect to see a benefit if the auction revenues are 

recycled to reduce other taxes. The precise benefits depend upon which taxes are affected.48 

5. Rewards for Early Action 

The Commission has indicated its desire that the allocation mechanism chosen should 

reward “early action,” that is, emission reductions before the trading program begins. Under an 

auctioning scheme, firms that have undertaken early action to reduce their emissions are in a 

better position than firms that have not reduced their emissions.49 

The effect of grandfathering on early action depends upon the year used for the 

allocation relative to the year(s) of the early action reductions. Under grandfathering, early 

actions are rewarded if the year used for the allocation predates the year when the early actions 

are undertaken, since firms receive allowances based on their higher-emissions operations.50  

However, if the year used to allocate allowances were after the early actions, firms that had 

                                                 
48 Note that auction receipts may decline as technological progress reduces the costs of emissions controls. The 

ability to reduce other taxes therefore may be constrained.  
49 If the auction system were combined with a revenue-recycling programme, however, its features with respect to 

early action would be similar to those under grandfathering. 
50 Under indirect plus direct emissions grandfathering, early emissions reductions in the heat and power sectors 

would not be recognised as much as under direct emissions grandfathering, whereas reductions in energy 
consumption at energy intensive industries would receive greater reward. 
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reduced their emissions would receive fewer allowances and thus would in effect be penalized 

for the early reductions. Given the Commission’s desire to reward early action, this 

consideration would argue for the use of a relatively early allocation year. How early this year 

should be depends in large measure on whether the early actions represented emission 

reductions, i.e., reductions in emissions of the facility relative to what they would have been 

without the trading program.51   

The production-based updating system is particularly bad with respect to its treatment 

of early action, because it may provide indirect incentives to increase emissions in early years. 

In the years before the emission cap is binding, firms have an incentive to produce as much as 

possible so that they receive the largest possible allocation in the future years that depend upon 

that output. Moreover, since they do not have any binding emissions constraints before the 

programme begins, they may opt to produce using the least expensive, most carbon-intensive 

fuels to maximise their future allocations. 

D. Evaluation of Allocation Option Variations 

The allocation variations mentioned above also could affect certain of the evaluation 

criteria. In addition, it is useful to consider the interactions of these variations with the seven 

major options. 

1. Early Action Credits 

Any of the seven major alternatives described above could be supplemented by 

additional credits awarded for emissions reductions undertaken before trading was scheduled to 

begin. This might be desirable if the allocation option itself did not sufficiently account for 

early action, or if the data available to be used as the allocation year were for years after certain 

“early actions” were undertaken.  

                                                 
51 The earlier the baseline year(s), the greater the chance that circumstances may have changed before the trading 

program began for reasons that have nothing to do with efforts by facilities to reduce emissions. 



 
 Evaluation of Potential Initial Allocation Alternatives 81  
 

 n/e/r/a 
Consulting Economists 

 

2. New Source Set-Asides 

New source set asides are only relevant for grandfathered allocation mechanisms—

under auctions no sources receive an allocation, and under updating, all sources’ allocations are 

updated, so new sources would be incorporated into the allocation. New source set asides 

amount to a limited updating programme within a grandfathering allocation. As such, they have 

undesirable effects similar to those under updating.  A new source set-aside would provide 

incentives for firms to establish new sources, rather than expand production at existing 

facilities.  The maintenance of the set-aside account would also increase administrative costs. 

3. Grandfathering with Shut-down Forfeiture 

Forfeiture of grandfathered allowance allocations for facilities that shut down also 

would increase the overall costs of a trading programme, by encouraging facilities that 

otherwise would close to remain nominally in operation.  Without the forfeiture, such facilities 

would shut down and eliminate their emissions, being replaced by more efficient, cleaner 

facilities. Faced with the forfeiture of their allocation, however, these facilities would have 

incentives to remain in operation so that they could receive their allocation.52  

Forfeiture of allocations also would increase administrative costs. Facilities that only 

nominally remained in service would have to be inspected to verify that they were indeed in 

service. The “gaming” that would likely result would waste resources. In addition, since 

allocation forfeiture would require that allocations be updated to at least some degree if a 

facility closed, this would further increase administrative expenses.53  

4. Bonus Allowances for New Renewables or Other Projects 

Awarding bonus allowances for renewable projects or for projects that reduce the total 

amount of CO2 or other greenhouse gases in the atmosphere would amount to a subsidy for 

                                                 
52 Forfeiture of allowances also may be inconsistent with the goal of compensating existing facilities for stranded 

costs that they incur as a result of the new regulation. However, it is possible that their stranded costs would be 
recovered before the facility shut down. 

53 One alternative that has been proposed to address the perceived problem that under grandfathering shut-down 
facilities would receive “something for nothing” is to limit the extent to which some allowances can be traded.  

(continued...)  
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those activities, since an emissions credit would have a value equal to the price of an emissions 

allowance. In the case of CO2 reduction projects—for example, reforestation—this subsidy 

could be an efficient way to encourage the development of alternative methods of reducing 

overall GHG concentrations in the atmosphere.  

In the case of renewables, the efficiency of the subsidy would depend on the type of 

renewable being developed and the overall policy for carbon (or GHG) accounting adopted by 

the EC and Member States. Under most plausible policy scenarios, renewable energy sources 

already would be made more attractive than under a business as usual scenario because they 

will not carry the cost (or opportunity cost) of CO2 emissions allowances. Granting additional 

credits for the construction of new renewables facilities therefore could be viewed as an 

unnecessary additional subsidy for renewable energy. Incorporating bonus or credit 

mechanisms into a trading programme also is likely to affect the administrative costs of the 

programme, because emissions reduction credits must be verified.54 

5. Other Hybrid Mechanisms 

It would be possible to create additional hybrids of some of the features in the primary 

allocation options considered above.  We have noted that grandfathering to the regulated 

sectors ignores possible impacts on suppliers, such as the coal industry. One possibility would 

be to allocate some share of allowances to supplier sectors likely to be affected by the 

downstream cap-and-trade programme. For example, it might be seen as equitable to allocate 

some of the allowances that would go to the electric power and heat sector under pure 

emissions grandfathering to the coal and petroleum extraction sectors.  

In a similar vein, it would be possible to design a hybrid allocation formula including 

“indirect emissions.” Instead of allocating 100 percent of indirect emissions to the industry 

facilities that used the energy involved for example, it would be possible to give 50 percent of 

                                                                                                                                                           
(...continued)  

(This was discussed, for example, for the Norwegian cap-and-trade program.)  Since this would eliminate the very 
cost-saving opportunities that an emissions trading program is intended to encourage, we do not consider it here.  

54 See Harrison et al. 2000. 
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the “indirect” portion to the energy intensive sectors and to give the remaining 50 percent to 

electricity and heat producers. 

The auction mechanism also could be modified in several ways. The auction could 

include partial rebates of revenues to the covered firms that participate, as is done for all of the 

allowances included in the SO2 auction under the United States SO2 allowance programme. 

Exemptions might also be granted to firms participating in the trading programme, in which 

case the firms would not have to purchase all of the needed allowances at auction.55 Finally, the 

auction revenues could be used to reduce the costs to other stakeholders. This would allow the 

allocation formula to address the impacts on groups other than participating facilities, such as 

suppliers, consumers, and workers. 

                                                 
55 Providing exemptions would lead to the possibility of untradable allowances, if the exemptions for some firms 

exceeded the numbers of allowances demanded (given the allowance price). This same possibility existed with 
untradable allocations provided in the early years of the RECLAIM programme. 
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VI.  BACKGROUND ON EUROPEAN UNION GHG EMISSIONS AND ON 
SECTORS CONSIDERED  

This chapter provides background on CO2 emissions within Europe as well as specific 

information on the three sectors considered in this study, namely electricity and heat 

production, pulp and paper production, and cement production.  The chapter also includes 

background on the EU Burden Sharing Agreement and information on sectoral emissions from 

the recent Sectoral Objectives Study sponsored by the Commission. 

A. Greenhouse Gas Emissions in the European Union  

Table 17 summarises the total emissions of the primary greenhouse gases for the 

European Union for the period 1990-1999.  

Table 17. GHG Emissions from EU-15, million tonnes CO2 Equivalents, 1990-1999 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Net CO2 emissions/ 
removals  

3,126 3,129 3,068 2,989 3,015 3,060 3,127 3,068 3,122 3,070

CO2 emissions 
(without LUCF) 

3,325 3,351 3,277 3,208 3,221 3,258 3,333 3,272 3,317 3,271

CH4    440 429 418 406 396 394 387 379 370 366
N2 O   394 392 383 368 378 379 389 386 362 338
HFCs    26 25 25 27 32 37 41 47 51 43
PFCs    14 12 10 8 8 8 8 7 8 8
SF6    8 9 10 10 11 12 12 12 11 11
Total (with net CO2 
emissions/removals)

4,007 3,996 3,913 3,810 3,839 3,891 3,964 3,898 3,924 3,836

Total (without LUCF)  4,199 4,209 4,112 4,020 4,036 4,080 4,161 4,095 4,111 4,030  
Source:  European Environment Agency 2001. 
Note: LUCF refers to the inclusion of adjustments for land-use change and forestry. 

In 1999, CO2 accounted for roughly four-fifths of the “global warming potential” of these 

gases. Table 18 shows the CO2 emissions from each of the EU Member States for selected years. 
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Table 18. CO2 Emissions from EU-15, Selected Years 

 

B. Carbon Dioxide Emissions in Major Sectors 

In the Green Paper, the Commission identifies six sectors that together contribute 45 

percent of total CO2 emissions in the European Union. The contributions of each of these 

industries, as reported in the Green Paper, are summarised in Table 19. 

Table 19. Contribution to CO2 Emissions of Six Major Industrial Sectors 

Sector 
Percentage Share 
of CO2 Emissions 

Electricity and Heat 29.9 %
Iron and Steel 5.4 %
Refining 3.6 %
Chemicals 2.5 %
Glass, Pottery, and Building Materials 
(Including Cement) 

2.7 %

Paper (and Printing) 1.0 %
Note:  The shares listed in Table 19 correspond to emissions from facilities that are used in the respective 

sectors, and therefore group industrial boilers in their respective sectors, not in electricity and heat. The 
shares also do not include process emissions, which are particularly significant for the cement industry.   

Source:  European Commission 2000a. 
 

Country 1990 1995 1999 1

Austria 62,132 63,754 65,778
Belgium 113,997 125,576 121,975
Denmark 53,045 60,686 56,976
Finland 62,466 62,684 64,186
France 385,490 381,996 404,695
Germany 1,014,500 903,737 858,511
Greece 85,600 87,778 98,646
Ireland 31,575 34,501 41,887
Italy 437,750 442,457 456,533
Luxembourg 10,152 7,078 5,179
Netherlands 161,173 177,130 174,126
Portugal 44,134 52,019 57,882
Spain 226,057 252,958 281,059
Sweden 55,074 58,521 56,458
United Kingdom 592,270 551,881 536,261
EU-15 3,335,414 3,262,757 3,280,152

1. Data for Luxembourg and Belgium are from 1998.
Source: European Environment Agency, 2001, Annex C. 

CO2 Emissions (1000 tonnes)
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This report considers allocations for three of the sectors listed in Table 19: the electric 

power and heat sector; the pulp and paper sector; and the cement sector. Unless otherwise 

noted, this report adopts the convention of treating industry boilers and generating facilities as 

being classified within the heat and power sector. Thus, electricity generation facilities and 

industrial boilers that are owned by the pulp and paper or cement firms are grouped as 

electricity and heat facilities.56 In 1990, industrial boilers used for electricity and heat were 

estimated to emit over 260 Mt of CO2, or roughly 8 percent of the total EU CO2 emissions 

(Sectoral Objectives Study 2001).  This convention is used to avoid the possibility that 

emissions could be “outsourced” to sectors not included in the trading programme, which 

could, for example, result in identical boiler facilities being treated differently because they 

were owned by firms in different sectors.   

For the purposes of allowance allocation, however, this convention is unlikely to make 

a significant difference.  An allocation to firms in the pulp and paper industry that was based on 

historical emissions, for example, would be the same regardless of whether the firms’ facilities 

were treated as part of the pulp and paper sector or the electricity and heat sector.  A facility 

responsible for 0.5 percent of Member State emissions during the relevant metric allocation 

period would receive 0.5 percent of allowances, irrespective of which sector it was grouped in.  

The sectoral treatment of facilities could be more relevant if production- or input-based 

allocation mechanisms were used. If one sector expected to receive a greater share of 

allowances than its proportion of historical emissions, for example, the sector would prefer to 

have its entire allocation based on its sector, rather than partly on its contribution to the 

electricity and heat sector. Note that this change would not affect the functioning of the 

emissions trading programme or the control choices adopted by any facilities. As long as the 

alternative “sectoral treatment” was limited in scope to the initial allocation (and did not extend 

to participation in the programme or to emissions monitoring), the change generally would only 

affect the distribution of allowance revenues.  

                                                 
56 Under grandfathering, of course, the pulp and paper firm that owned these facilities would still receive an 

allocation for them, but it would receive the allocation with those facilities treated as heat and power facilities.   
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1. Electric Power and Heat Generation 

a. General Background 

The fifteen EU Member States vary substantially in their use of different sources of 

energy.  France, for example, generates a significant portion of its electricity using nuclear 

power, while Sweden relies to a large degree on hydroelectric power.  Reliance on different 

fossil fuels also varies from Member State to Member State.  Both the UK and Germany have 

relied heavily on coal in the past, but recently the UK has been shifting to natural gas.  Other 

recent developments in the sector have been the expanding role of decentralised combined heat 

and power facilities (CHP) in some Member States. In addition to the expanded role of CHP, 

some Member States have significant “district heating” infrastructure, which provides steam 

and heat in urban areas.  

b. CO2 Emissions from Electricity and Heat Production 

The electric power and heat industry is the single largest contributor to CO2 emissions 

among industrial sources. CO2 is produced by this sector during the combustion of fossil fuels. 

Table 20 shows representative CO2 emission factors for use in national GHG inventories, 

adapted from the Intergovernmental Panel on Climate Change recommendations. Of the major 

fossil fuels, solid fuels such as coal and petcoke have the highest CO2 emissions factors, 

followed by liquid fuels and finally natural gas. Furthermore, because natural gas facilities 

typically achieve higher efficiencies (measured as heat rate) than coal facilities, the difference 

in emission rates from facilities burning these fuels may be greater than suggested by the 

respective emission factors.  

Table 20. Carbon Dioxide Emission Factors for Selected Fuels 

Fuel 

Carbon Dioxide 
Emission Factor  
(tonnes CO2 / TJ) 

Coking Coal 95 
Lignite 101 
Diesel / Distillate 74 
Residual Fuel Oil 77 
Natural Gas 56 

Source: Adapted from IPCC 1996. 
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CO2 also is emitted when renewable fuels such as biomass and biogas are burned. 

However, depending on the overall approach that is taken to GHG management, it may or may 

not be appropriate to count these emissions against a facility’s allocated amount. For example, if 

crops grown for biomass are granted CO2 reduction credits as part of an overall GHG policy 

(credits could be sold bundled with or separately from the fuel itself), then emissions from the 

combustion of this biomass should be included in a facility’s overall emissions. If credits are not 

applied to biomass crops, however, it is appropriate to ignore CO2 emissions from these fuels. 

c. Electricity and Heat Production in the EU 

Electricity generation in the EU has grown at an annual rate of 2.1 percent over the last 

decade. Figure 18 shows the trend in electricity production by fuel over this period. The most 

significant trends have been increasing reliance on natural and derived gases, hydroelectric 

power, and nuclear power, and a decreasing reliance on solid fuels such as coal and lignite. 

Changes in fuel consumption for individual Member States have been far more dramatic.  In 

the United Kingdom, for example, use of natural gas has increased by nearly 30 times, while 

the use of coal has dropped by close to 50 percent. Figure 19 shows the changes in generation 

by fuel for the UK.  

Figure 18. Electricity Generation in EU-15 by Fuel, 1990-1999 

 
 

 

 

 

 

 

 

 

Source: Eurostat SIRENE Database 2001. 
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Figure 19. Electricity Generation in the United Kingdom by Fuel, 1990-1999 

Source: Eurostat SIRENE Database 2001. 

Table 21 shows the proportion of electricity generated in each Member State from 

different fuels for 1999, as well as the total generation by Member States. The table shows the 

wide variations in the sources of electricity used by EU Member States.  Some countries, such 

as Italy and the UK, derive the majority of their electricity from fuel burning, whereas others, 

notably France and Sweden, rely only to a very limited degree on fuel burning. 

Table 21. Member State Electricity Generation by Fuel Type as Share of Total, 1999  

Note: Some percentage totals do not sum to 100% because wind, geothermal, and other minor fuels are not shown. 
Source: Eurostat SIRENE Database 2001. 

Coal & 
Lignite

Petroleum 
Products Gas Biomass Hydro Nuclear

Percent from 
Fuel-Burning

Total Generation 
(GWh)

Austria 7% 5% 16% 3% 69% 0% 30% 60,368
Belgium 12% 1% 26% 1% 2% 58% 40% 84,521
Denmark 52% 13% 24% 5% 0% 0% 92% 38,868
Finland 19% 1% 16% 12% 18% 33% 48% 69,433
France 6% 2% 2% 1% 15% 75% 10% 524,178
Germany 50% 1% 11% 1% 4% 31% 63% 556,804
Greece 65% 16% 8% 0% 10% 0% 89% 49,860
Ireland 34% 28% 32% 1% 5% 0% 94% 22,051
Italy 9% 34% 34% 1% 20% 0% 79% 264,994
Luxembourg 0% 0% 20% 5% 73% 0% 25% 1,032
Netherlands 22% 8% 61% 3% 0% 4% 94% 86,396
Portugal 35% 25% 19% 3% 18% 0% 82% 43,274
Spain 35% 12% 10% 1% 12% 28% 58% 209,030
Sweden 1% 2% 1% 2% 46% 47% 6% 155,354
United Kingdom 29% 2% 40% 1% 2% 26% 71% 366,797
European Union 25% 7% 18% 1% 13% 34% 52% 2,532,960
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In many EU Member States, useful heat is produced along with electricity. The use of 

such CHP facilities improves energy efficiency and therefore results in lower total CO2 

emissions than if heat and power were generated separately. Table 22 summarises the heat 

generation in selected EU Member States with significant levels of district heating for 1998, 

and shows the proportion of heating capacity derived from CHP units.  The CHP data shown 

here include units that generate heat and electricity for public consumption as well as boilers 

owned and used by industry.  

Table 22. Heat Generation and Co-generation in Selected EU Member States 

Source: Euroheat 1998 
 

2. Pulp and Paper 

a. General Background 

The pulp, paper and board industry covers chemical pulp manufacturing, mechanical 

pulp manufacturing, recovered fibre processing, and paper and board manufacturing.  Pulp and 

paper manufacturing is typically an energy-intensive industry, but for a number of reasons 

discussed below, direct emissions from the sector are relatively low compared to the other 

sectors likely to be covered by the EU GHG emissions trading programme.  

(1) Pulp 

The pulp used in papermaking can be produced from virgin fibre by chemical or 

mechanical means or by pulping recovered paper.  

•  Chemical pulping. During the chemical pulping process, wood fibres are separated from 
each other by dissolving the lignin that binds the fibres together, using chemicals and 
heat.  

Number of Plants Heat Generation Capacity (MW) Heat Production 
CHP District Heat CHP Heat Only Total (GWh)

Austria 29          100           3,860       1,940            5,800        11,234           
Denmark 275        450           7,200       8,300            15,500      31,000           
Finland 81          893           6,000       11,530          17,530      29,420           
Germany 621        1,759        29,031     21,493          48,028      98,731           
Netherlands 40          127           2,540       1,785            4,330        6,415             
Sweden 34          885           6,400       22,600          29,000      46,249           
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•  Mechanical pulping. In mechanical pulp manufacturing, the wood fibres are separated 
from each other by mechanical shear forces. Since mechanical pulping does not remove 
lignin, the mechanical process yields twice as much pulp as the chemical process. 
Mechanical pulp is used in the manufacture of printing papers because of its excellent 
printing characteristics. 

•  Recovered paper processing. In recovered paper processing, fibres are “cleaned” of 
contaminants. The cleaning can involve de-inking depending upon the quality of the 
material recycled and the requirements of the end product. Recycled fibre is used 
especially in newsprint, tissue and some board grades. 

(2) Paper and board 

Paper products can be divided into two categories on the basis of their weight: (1) 

papers, which are single layered; and (2) boards, which are heavier and usually multi-layered. 

The border between paper and board is also determined by use. In papermaking, fibres and 

additives are mixed with water and then diluted to a suitable consistency. The stock is spread 

onto the paper machine, where the paper web forms as the water drains away. Suction, 

compression and evaporation are used to extract the water from the web. Board is 

manufactured using similar process. However, because boards are often multi-layered, there 

may be more web-forming units to accommodate the additional layers in the end product. The 

properties of paper and board can be adjusted, for example by glazing and coating. 

Paper and board products can be categorised in many groups: newsprint, uncoated 

printing and writing papers, coated printing and writing papers, packaging papers, 

cartonboards, containerboards, tissue and speciality papers. 

b. CO2 Emissions from Pulp and Paper Production 

Pulp and paper production is energy-intensive. The main source of GHG emissions 

from the sector is energy production. However, the emission sources and GHG amounts vary 

widely depending on the type of process.  

In chemical pulp production, a large share of the energy used is generated at the mill 

using biofuels produced on-site, with fossil fuels used to supplement them. Chemical pulp 

mills, especially sulphate pulp, usually are self-sufficient with regard to heat and power, with 

some of them even selling electricity. In mechanical pulping, recycled paper processing, and 
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paper and board manufacturing, the share of fossil fuels is much higher than in chemical pulp 

production. Bark and bio-sludge are used as fuels, but they must be complemented with 

purchased fuels and power. Mechanical pulp mills—particularly thermo-mechanical pulp 

(TMP) mills, but also some modern pressurised groundwood (PGW) mills—are usually self-

sufficient in terms of heat production. Paper and board production processes generate some 

excess heat, which is collected and utilised.  

Mechanical pulp mills, recycled paper mills, and paper and board mills can use 

electricity that has been purchased or produced on-site. The amount of on-site electricity 

depends on whether there is a power plant (or combined heat and power plant) on the site or 

not. On average, less than 40% of the electricity used in the EU pulp and paper industry is 

generated on-site. In addition, a large portion of the industry’s emissions is biogenic (that is, the 

emissions are produced during the combustion of wood and organic liquors), and a significant 

share comes from natural gas. Figure 19 illustrates the industry’s reliance on different fuel 

types. Process-related CO2 emissions are relevant only in chemical pulping (sulphate pulp), 

where CO2 is formed in the limekiln when caustic lime mud, formed in white liquor settling, is 

burned. As a consequence of these factors—namely off-site electricity production, on-site fuel 

mix, and low process emissions—the “direct” emissions from the industry are relatively low.  

Figure 19. Fuel consumption in EU pulp and paper industry in 1996 
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c. Pulp and Paper Production in the EU 

Europe is the second largest producer and consumer of paper and board in the world. It 

is also a significant pulp producer; the annual European production of wood pulp represents 

about 25 percent of the world’s total pulp supply. There are nearly 1000 paper mills in the EU, 

with most of them located in Italy, Germany, France and Spain. There is a relatively large 

number of small and medium-sized paper mills. In contrast, there are far fewer pulp mills—just 

under 200 in the EU—and these tend to be relatively large.  

The pulp supply consists of market pulp and pulp that companies use in their integrated 

paper and board production. Finland and Sweden are Europe’s main softwood and hardwood 

pulp producers, but Portugal and Spain also provide significant amounts of hardwood pulp. 

About 45 percent of the total fibre used for papermaking in Western Europe is recycled fibre. 

The production of recycled fibre is large in countries with a high population density and high 

per capita paper and board consumption, such as Germany, France, Italy and the Netherlands. 

Figure 20 shows the total pulp production for EU Member States in 1999. 

Figure 20. Pulp production in the EU in 1999  

Source: Confederation of European Paper Industries. 
 

The largest European paper producers are Germany, Finland, Sweden, France, Italy and 

the United Kingdom (see Figure 21). Of the total European paper and board production, 38 
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percent is printing or writing paper, 33 percent is packaging, 12 percent is newsprint, and 6 

percent is tissue. The production of different paper and board grades is not evenly distributed 

across Europe: the location of mills depends, for example, on the proximity of raw material 

sources and product specific markets.  

Many European paper and board mills are integrated with pulp production. Mechanical 

paper grades (newsprint and other coated and uncoated mechanical papers) are usually 

integrated with a mechanical pulp mill. The level of integration is high also for recovered paper 

based manufacturing. Fine paper production in Central Europe is mainly based on purchased 

pulp, whereas the Nordic countries have several integrated fine paper mills. 

Figure 21. Paper and board production in the EU in 1999  

Source: Confederation of European Paper Industries 
 

3. Cement  

a. General Background 

Cement is used as a building material that comes in a wide variety of types with 

different hardening characteristics, strengths, and constituents. Cement production is an energy-

intensive process that relies on significant amounts of fossil fuel.  

Cement production can be broken down into three major processes: (1) preparation of 

raw materials; (2) production of cement clinker in cement kiln; and (3) grinding of clinker and 
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additives in cement mill. The most energy-intensive of these is the production of clinker in the 

cement kiln. 

b. CO2 Emissions from Cement Production 

The non-metallic building materials sector, of which the cement industry constitutes a 

major portion, accounted for roughly 6.2 percent of direct European CO2 emissions (Sectoral 

Objectives Report). There are three major sources of CO2 emissions attributed to cement 

production: (1) combustion of fuel in the kiln, (2) the production of clinker from limestone, and 

(3) use of electricity produced off-site (indirect emissions). CO2 is released in the clinkering 

process as a result of the transformation of calcium carbonate (CaCO3) into clinker (a primary 

ingredient of which is calcium oxide, or CaO) and CO2. Waste heat and kiln gas, along with 

electricity produced off-site, are used in the preparation of raw materials and in the final 

grinding of the clinker mixture in the cement mill. Approximately 34 percent of CO2 emissions 

are due to fuel burning, 54 percent are the result of the clinkering process, and 12 percent are 

related to the production or use of electricity (CEMBUREAU 2001). 

Table 23 shows fuel consumption of the European cement industry. The most 

commonly used fuels for clinker production are petcoke and coal, which together accounted for 

75 percent of fuel used. Waste is a significant source of fuel as well, with lignite and fuel oil 

also used in some cases.  

Table 23. Fuel Consumption of the EU Cement  Industry (1995) 

Fuel Type 
Consumption 

Percentage 
Coal 36% 
Petroleum coke 39% 
Lignite 6% 
Fuel Oil 7% 
Gas 2% 
Alternative Fuels  
(predominantly waste)  10% 

Source: CEMBUREAU 1999 
 

From 1970 to 1995, the amount of energy used by the European cement industry in 

clinker production fell from 4,800 MJ/tonne of clinker to 3,700 MJ/tonne of clinker. Much of 

this increased efficiency is due to the use of more efficient kiln types, the use of waste instead 
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of fossil fuels in kilns, and altering the composition of cement. The decrease in energy use 

during production has led to a reduction in CO2 emissions per tonne of clinker, and because 

total cement production has remained relatively stable, to an absolute reduction in CO2 

emissions in many Member States (CEMBUREAU 1998).  

c. Cement Production in the EU 

European Union member states account for around 12 percent of world cement 

production. (CEMBUREAU 1999). The types of cement produced in the EU vary by Member 

States. In some Member States, including Ireland, Sweden, and the United Kingdom, pure 

Portland cement is produced almost to the exclusion of other types of cement. In other Member 

States, such as Italy and France, composite cements are the norm. The difference is a result of a 

variety of factors. Perhaps most important is the industry structure and its relationship to other 

aggregate material industries. In countries where cement production is mostly Portland cement, 

cement may be sold to concrete producers, who blend the cement to manufacture concrete with 

the desired characteristics. Where composite cements are the norm, the cement manufacturers 

themselves do the initial mixing. The end products used in construction may be quite similar, 

but the stage in the process at which they leave the cement manufacturer’s hands may vary 

from Member State to Member State. The availability of materials that can be used to produce 

composite cements also affects the types of cement produced in different Member States. 

Finally, local preferences for certain types of cement, and regulations that mandate their use as 

building materials, also affect the types of cement produced in the various EU Member States.  

In 1996, the EU housed 331 separate plants for cement production (including kilns, 

mills, or both). These plants included 483 cement kilns with a total capacity of over 160,000 

metric tonnes of clinker per year and more than 700 cement mills. Cement production in the 

EU currently is dominated by Germany, Italy, and Spain, with France, the UK, and Greece also 

contributing significant shares. Figure 22 shows the production of cement in the EU by 

Member States over the period 1990-1999. In 1999, the EU produced more than 190,000 metric 

tonnes of cement.  
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Figure 22. Finished Cement Production in the EU, 1990-1999 

Source: Data provided by CEMBUREAU. 
 

C. Background on European CO2 Allocations 

1. EU Burden Sharing Agreement 

The fifteen European Member States approved the European Union Burden Sharing 

Agreement in 1998. Overall, the Kyoto protocol requires the fifteen European Union members 

to reduce their GHG emissions by 8 percent below 1990 levels. The Burden Sharing 

Agreement determines how responsibility for the overall reduction in greenhouse gas emissions 

is to be allocated among each of the Member States. Under the Agreement, some Member 

States must reduce their emissions by significantly more than eight percent below 1990 levels, 

while others are permitted to increase their emissions above 1990 levels. The Burden Sharing 

Agreement targets for each of the fifteen Member States, and their relationship to the 1990 

baseline, are shown in Table 24. 
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Table 24. EU Burden Sharing Agreement – Emissions Caps and Required Reductions 

 

2. Sectoral Objectives  Study 

As noted in chapter 1, The Commission recently completed a comprehensive study of 

the costs of reducing greenhouse gas emissions from a wide range of sectors. The Sectoral 

Objectives study was designed to compare the costs of emissions reductions from these sectors, 

in part to estimate the reduction levels for each industry that would result in the lowest cost 

way of achieving the EU’s Kyoto target of 8 percent overall reduction in GHG emissions. The 

results of the study for the sectors comprising the three industries considered in this report for 

each Member State are shown in Table 25.  

For ease of comparison, the table first lists the Burden Sharing Agreement percentage 

requirements. The table then lists, for each of the three sectors considered here, the 1990 

emissions, the predicted 2010 emissions under the least-cost Kyoto control scenario, and the 

percentage reduction (or increase) represented by the change. These percentages can be 

compared to the Burden Sharing percentages. For example, under the Burden Sharing 

Agreement, Austria is required to reduce its overall GHG emissions by 13 percent below 1990 

Member State

1990 GHG Emissions 
(kilotonnes CO2 

Equivalents)

Burden 
Sharing 

Agreement

2010 GHG Emissions 
Target (kilotonnes 
CO2 Equivalents)

Austria 80,656 -13.0% 70,171
Belgium 138,467 -7.5% 128,082
Denmark 73,924 -21.0% 58,400
Finland 66,252 0.0% 66,252
France 540,403 0.0% 538,253
Germany 1,183,074 -21.0% 934,629
Greece 98,378 25.0% 122,972
Ireland 57,845 13.0% 65,365
Italy 515,709 -6.5% 482,188
Luxembourg 1 10,152 -28.0% 7,310
Netherlands 210,500 -6.0% 197,870
Portugal 64,347 27.0% 81,720
Spain 303,330 15.0% 348,830
Sweden 69,755 4.0% 72,545
United Kingdom 734,507 -12.5% 642,693
European Union 4,147,297 -8.0% 3,817,278

1. Data for Luxembourg includes CO2 only.
Source: EEA 2001, ECCP 
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levels. However, each of the three sectors’ contribution to the reduction for CO2 differs from 13 

percent under the least-cost scenario. The energy supply sector would reduce its CO2 emissions 

by 34 percent below 1990 levels, whereas both the pulp and paper and building materials 

sectors would actually increase their emissions. For each Member State, the changes in 

emissions from all sectors add up to that Member State’s burden-sharing change in emissions.57  

Table 25. Results of the Sectoral Objectives Study  

Note:  Industrial boilers are grouped with heat and power. Results are shown for the Burden-Sharing ACEA case.  
Source:  Sectoral Objectives Study 2001. 
 

The Sectoral Objectives Study also examined a case analogous to one in which Member 

States would be allowed to buy and sell emissions allowances from other Member States to 

facilitate compliance with the total required emissions reductions. The final distribution of 

emissions reductions is likely to be different in this case, but the relative financial burden to 

Member States with respect to each other should be the same, since Member States would 

receive their initial allowances according to the Burden Sharing Agreement. The overall results 

for this case suggest that the total costs of meeting the emissions target would be reduced by 50 

percent if European trading were allowed.58  

                                                 
57 Note that because each Member State was required to meet its Burden Sharing target without the benefits of 

trading under this particular scenario, the resulting control options may not represent a least-cost alternative for 
the entire European Union.  

58 Detailed results for the non-Burden Sharing case are not available.  

Heat and Power Pulp and Paper Building Materials

Burden 
Sharing 1990 1990 Sectoral Objective Sectoral Objective

Member State Agreement Fuel Process Fuel Process Fuel Process
Austria -13.0% 16.5          11.0          -33.7% 0.3            0.3            5.8% 1.8        3.4          2.0        3.8          7.0% 12.6%
Belgium -7.5% 28.3          22.8          -19.7% 0.1            0.0            -22.3% 3.1        4.8          3.3        5.4          6.5% 12.6%
Denmark -21.0% 26.8          16.7          -37.4% 0.3            0.1            -48.3% 1.8        -         1.3        -         -28.8% -
Finland 0.0% 21.7          25.9          19.6% 0.2            0.3            88.5% 2.7        -         1.7        -         -35.6% -
France 0.0% 71.9          66.9          -7.0% 2.2            1.9            -11.5% 13.2      13.0        10.0      14.6        -24.5% 12.3%
Germany -21.0% 429.7        316.0        -26.4% 1.1            0.4            -67.5% 25.9      24.7        19.4      27.6        -25.1% 12.0%
Greece 25.0% 37.3          47.0          25.9% 0.2            0.2            6.0% 4.2        7.0          7.0        7.9          66.6% 12.4%
Ireland 13.0% 11.5          13.6          18.4% 0.0            0.0            85.0% 0.3        -         0.3        -         -15.6% -
Italy -6.5% 147.2        122.0        -17.1% 1.9            2.2            17.4% 18.4      22.7        17.6      25.4        -4.4% 11.9%
Luxembourg 1 -28.0% * * * * * * * * * * * *
Netherlands -6.0% 63.6          58.5          -8.0% 0.2            0.1            -67.9% 2.2        0.7          2.1        0.8          -5.6% 10.8%
Portugal 27.0% 18.7          26.1          39.7% 0.0            0.9            2255.5% 3.0        3.1          4.6        3.5          50.6% 11.4%
Spain 15.0% 78.5          93.8          19.5% 2.2            1.8            -17.7% 11.1      15.1        11.1      16.9        0.7% 11.9%
Sweden 4.0% 8.7            13.4          52.9% 1.3            1.3            1.8% 1.7        2.0          1.1        2.3          -33.3% 12.5%
United Kingdom -12.5% 250.6        184.1        -26.5% 0.7            1.3            91.6% 8.8        9.4          6.7        10.5        -23.8% 11.8%
European Union -8.0% 1,211.0     1,019.2     -15.8% 10.6          10.9          2.8% 98.2      105.8      88.1      118.5      -10.3% 12.0%

1. Data for Luxembourg are not included in the Sectoral Objectives study.
2. Emissions are shown in millions of tonnes of CO2 equivalents.

1990

Emissions2 Emissions2 Emissions2

Sectoral 
Objective

Sectoral 
Objective

Sectoral 
Objective

Sectoral 
Objective
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The Sectoral Objectives Study provides one example of the type of comprehensive 

analysis that could form the basis for a number of potential allocation mechanisms. For the 

remainder of this report we use its results to illustrate the construction of different allocations. 

Of course, alternative analyses that were conducted for individual Member States (or for the 

European Union as a whole) could also be used for the same purpose.  The specific results may 

depend on the accuracy of the analysis used, but the general conclusions would be similar. 
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VII.  DATA AVAILABLE TO IMPLEMENT ALLOCATION MECHANISMS 

Among the factors affecting the ultimate choice of an allowance allocation mechanism 

is its administrative feasibility.  In selecting from among alternative allocations, one of the 

primary administrative issues is the availability of data needed to determine the distribution of 

allowances. If the data are not available or not easily developed, then it may be appropriate to 

choose an alternative allocation mechanism.   

This chapter discusses the availability of the various data necessary to implement the 

allocation schemes described in the previous chapter. Comprehensive, consistent plant-level 

data that cover the entire EU are not available in the public domain. Some sources of data at the 

EU-level exist, but they would provide an incomplete basis for the development of allocations 

for certain sectors. For a Member State to use these data sources to develop a full allocation, 

the sources would have to be supplemented with estimated data “proxies.” It is likely that proxy 

estimates would need to be subjected to a process of verification or validation.  

Although comprehensive and consistent EU-wide data are not available, many Member 

States have developed data on the sectors considered here that would allow them to calculate 

allocations.  For example, Finland’s VAHTI database (maintained by the Finnish Environment 

Administration) could be used to develop allocations based on input, output, emissions, or any 

combination of these. Other Member States also collect data that would enable them to develop 

plant-level allocations for selected sectors. Denmark, for example, already has collected detailed 

information on its electricity and heat sector for its current CO2 emissions trading programme.  

A. Overview of Data Sources 

1. Electricity and Heat 

For the electricity and combined heat and  power sector, UDI produces a comprehensive 

database of worldwide power generators that includes over 20,000 facilities in the European 
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Union.59  Many of these units are very small, and would in all likelihood not be covered by a 

potential  EU emissions trading programme. For units that are large enough to be covered, the 

UDI database provides a number of useful current characteristics, including unit technology 

type, primary fuel, capacity, and year in service. The UDI database does not include 

information on historical unit activity levels such as utilisation rate, total generation, or heat 

input. It also does not contain information on unit heat rates. 

To supplement the UDI data, we have made use of Eurostat’s SIRENE database, which 

includes Member State data aggregated by unit technology type and also includes data 

aggregated by type of fuel. The Eurostat data include information on capacity, heat input, 

generation, and emissions, but these data are not at the level of individual facilities.  

2. Pulp and Paper 

For the pulp and paper sector we have relied on Jaakko Pöyry Consulting’s extensive 

database of the industry, which includes production, capacity, and technology characteristics 

for nearly 1,100 mills in the EU.   The JPC database is supplemented with data from the United 

Nations’ Food and Agriculture Organisation (FAO) and the Confederation of European Paper 

Industries (CEPI). 

3. Cement  

For the cement sector, we make use of the World Cement Directory, published by 

CEMBUREAU, the European cement industry association. The Directory contains information 

on cement mills and kilns across the EU, including capacity, technologies installed, and some 

production data.  

4. Additional Supplementary Sources 

Several companies in each of the three sectors have indicated that they collect the data 

discussed above, but that they would not release it publicly, because of business concerns. 

Cement manufacturers, for example, generally know how much clinker is produced at each of 

their plants, and electricity generators and grid operators know how much electricity is 

                                                 
59 The database does not include dedicated heat or steam units that do not produce any electricity. 
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produced at individual units. There may be ways for Member States to arrange with firms to 

allow more comprehensive data to be made available for the purpose of determining accurate 

allocations. In addition, a number of Member States (Denmark, Finland, and Sweden, for 

example) have begun collecting data on CO2 emissions that are not publicly available at the 

plant-level, but which could be used for the purposes of allocations. In other Member States 

(e.g. Germany), historical data may exist at a regional level, but may not be systematised at the 

national level. In some cases, these data sets and additional collaboration between industry and 

government could eliminate the need for the data proxies discussed below. 

A number of European initiatives are currently being developed that would provide the 

type of data that would be needed to implement an allocation mechanism based on historical 

data. However, these initiatives are not expected to be in place in time for sufficient data to 

have been collected before trading is expected to begin. For example, the European Pollutant 

Emission Register (EPER) would require Member States to report releases to both air and water 

of a variety of pollutants, including CO2. However, the first required reporting period under 

EPER is not until 2003 (for emissions in 2001), and the next subsequent period is for 2006 (for 

2004). Annual reporting would not be required until 2008. This would be too late for a 

programme expected to begin in 2005, although the 2001 data reported in 2003 could serve as 

the basis for an allocation for Member States that did not have an alternative data source.60  

B. Publicly Available Data 

In this section we describe data that are available from public sources – either at no 

charge or for a usage fee. 

1. Electricity and Heat 

In general, data on electricity generation is much easier to come by than data on heat 

generation.  In part, this is due to the smaller average size of heat generating facilities. 

                                                 
60 CCAP 2001 discusses some additional limitations of the EPER framework, which would likely have to be 

revised to accommodate a European Union-wide trading program.  Verification of the EPER data would 
probably be necessary for any allocation that used them as its basis.  
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Euroheat, the district heating association of Europe, collects aggregated data from its members, 

but has not collected plant-level data.  

a. Capacity 

UDI produces a database that includes all electricity generating facilities in the EU. The 

UDI database includes capacity information at the unit level. The database also includes 

information on unit type and primary fuel. 

Eurostat collects and publishes data on electricity production across the EU in its 

SIRENE database. This information is not disaggregated at the plant level, however. For each 

member state, the SIRENE database lists total capacity by unit type.  Unit types included are 

hydro, wind, geothermal, nuclear, and conventional thermal.  Conventional thermal capacities 

are further subdivided into steam turbines, gas turbines, combined cycle units, and internal 

combustion engines. 

Table 27 compares the capacity information included in the SIRENE database to 

suitably aggregated data from the UDI database.  The total capacity estimates are relatively 

close in most cases, with the largest errors an under-reporting of Denmark’s capacity and over-

reporting of Finland’s, Germany’s, and the UK’s. Agreement for total thermal capacity (not 

including nuclear or geothermal power) is also close for most countries. Most of the large 

errors observed (for example, for Luxembourg) are due to very small totals from one of the 

databases that are overstated in the other.  For most of these the absolute differences are quite 

small. In some cases, the reason for the overstatement may be that individual facilities are 

classified differently by the two databases. For example, units classified as combined cycle in 

one database may be classified as gas turbines in the other.  Given the relatively close 

agreement for most of the total capacity figures, this explanation seems plausible. 
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Table 27. UDI Aggregate Capacity as Percent of SIRENE Capacity, by Country & Type  

Source:  UDI 2001, Eurostat 2001, and NERA calculations. 
  

b. Generation 

To our knowledge, there is no centralised source for information on plant-level 

generation across EU Member States. The SIRENE database includes total generation from 

primary fuel sources for each Member State.  

In addition, a number of organisations and Member State government agencies collect 

plant-level data, which are available in varying degrees. The Danish Energy Agency, for 

example, collects generation data for Denmark’s emissions trading programme. However, this 

information is only available to the public in aggregated form that prevents individual plants 

from being identified. In Spain the industry organisation for electricity generators reports plant-

level generation data. Data are also available at the plant level for England and Wales. In other 

countries, the data are not available to the public.  

c. Heat Input  

Eurostat collects data from Member States on the total heat content of fuels used for 

heat and power generation. However, like all Eurostat data, these data are aggregated and are 

not available at the plant level.  

Steam Gas Combined Internal Hydro Wind
TOTAL 

THERMAL TOTAL
Austria 100% 320% 62% 24% 98% 137% 102% 99%
Belgium 100% 102% 105% 164% 94% 92% 103% 102%
Denmark 80% 98% 82% 87% 30% 21% 81% 73%
Finland 118% 82% - - 99% 110% 127% 120%
France 97% 122% - 224% 99% 334% 102% 100%
Germany 117% 108% 277% 99% 261% 42% 120% 121%
Greece 105% 193% 85% 146% 93% 76% 109% 104%
Ireland 108% 76% 205% 82% 98% 115% 109% 108%
Italy 110% 99% 138% 53% 93% 106% 110% 105%
Luxembourg 554% - - 36% 90% 166% 128% 93%
Netherlands 91% 332% 129% 42% 108% 95% 113% 112%
Portugal 103% 107% 102% 77% 92% 86% 99% 96%
Spain 101% 147% 43% 66% 98% 133% 97% 99%
Sweden 73% 99% 60% 194% 102% 62% 81% 95%
United Kingdom 108% 441% 115% - 292% 106% 120% 124%
European Union 107% 134% 125% 108% 105% 63% 111% 108%
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Certain Member States, notably Denmark and Finland, collect information on fuel use 

at the unit level to determine heat input for all facilities. To maintain confidentiality, these data 

are only available in aggregated form from the respective government agencies.  

d. Emissions  

To our knowledge, no Member State is currently engaged in the direct monitoring of 

CO2 emissions from individual facilities. Where CO2 emissions are tracked, it is typically done 

by monitoring fuel input and computing the emissions using accepted emissions factors. 

Eurostat reports data at the Member State level on CO2 emissions from thermal power 

generation, but does not offer plant level data.  

2. Pulp and Paper 

Although information at the country level typically is available, mill-level information 

is, for competitive reasons, generally unavailable. The varying product definitions used in 

compiling different statistics often complicate the comparability of data across countries, and 

even within countries. In cases where there are only few producers, statistical figures are 

sometimes grouped across product types in order to protect anonymity. 

a. Capacity 

Some mill-level capacity information can be found in the International Pulp and Paper 

Directory maintained by Pulp & Paper International. The United Nations Food and Agriculture 

Organisation (FAO) publishes country-level pulp and paper capacities by grade on the basis of 

an annual survey, but this information excludes de-inked pulp.  

b. Production 

Country-level production estimates can be found in the FAO statistical database 

(www.fao.org) for pulp and paper. Pulp and paper production figures by country and main 

grade are also reported in forest industry statistics (national and CEPI annual statistics) and in 

the annual review of Pulp & Paper International, an industry journal. 
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c. Fuel Use 

There are few public sources for fuel use in the pulp and paper industry. Some forest 

industry associations report country-level fuel consumption figures, and some environmental 

reports include company- and mill-level data. 

d. Emissions (from Fuel and Process) 

The environmental reports of companies only occasionally include mill-level emissions, 

although company-level emissions are reported more frequently. Public authorities often have 

their own databases for the purpose of monitoring and issuing environmental permits, but 

typically these are not publicly available.  

e. Other Unit Characteristics 

FAO lists some capacity utilisation percentages by country. However, the information is 

not comprehensive and the division into grades is very rough (an example of the FAO data for 

1995 is shown in Table 28). For some paper grades (such as newsprint, coated woodfree, and 

supercalendered paper), there is a public source for utilisation rate estimates 

(www.cepiprint.com). For others, no such sources are available. 

Table 28. FAO Estimates of Utilisation Rates, 1995. 

Member State 
Wood Pulp for 
Paper & Board

Other Pulp for 
Paper & Board 

Dissolving 
Pulp 

Paper and 
Paperboard 

Austria 85.2 100.0 96.3 85.9 
Belgium ** ** ** ** 
Denmark ** ** ** ** 
Finland 88.0 ** ** 92.0 
France 84.2 100.0  82.5 
Greece ** ** ** ** 
Germany 95.1 ** 68.0 91.6 
Ireland ** ** ** ** 
Italy 97.0 89.7 ** 90.2 
Luxembourg ** ** ** ** 
Netherlands ** ** ** 90.5 
Portugal 96.1 ** ** 86.9 
Spain 85.5 63.6 ** 87.3 
Sweden 96.8 ** ** 94.9 
United Kingdom 84.5 ** ** 96.1 

Source: FAO.  ** indicates that no data are available.  
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3. Cement 

CEMBUREAU, the association of European Cement Manufacturers, publishes the 

World Cement Directory, a global database of cement kilns and mills that includes major 

European facilities. The most recent version of the Directory was released in 1996, with an 

updated version expected in 2001.61  The directory includes plant-level information, but data on 

many facilities are incomplete.  

Individual Member States (for example, Finland) collect information on fuel use, 

production, and emissions from cement facilities at the plant level. These data may not be 

publicly available.  

a. Kiln and Mill Capacity 

WCD 1996 contains information on both kiln and mill capacities for all Member States. 

Most capacities are listed at the plant level, but roughly 30 percent of capacities are not listed. 

b. Production 

Information on cement production at the plant level is significantly less complete than 

information on capacity.  

(1) Clinker 

Eurostat collects data on the production of non-intermediate clinker in each Member 

State. However, it does not collect information on total clinker production, including clinker 

that is used as a direct input to cement production by its manufacturer. 

CEMBUREAU does not collect information on clinker production. However, the 

association does keep track of the proportions of different cement types that each country 

produces.  

                                                 
61 The latest version of the Directory was not available at the time of publication of this report.  
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(2) Cement 

CEMBUREAU collects information on the total production of finished cement in each 

Member State, as does Eurostat. The WCD includes information on cement production by 

individual kiln and mill, most of which is categorised by cement type. However, at most 40 

percent of plants report production in the WCD 1996, and the production data are only for 1993. 

c. Fuel Use 

The WCD includes information on the proportion of different types of fuels used, but 

only includes this information for a selected group of facilities.  

d. Emissions  

The WCD does not estimate emissions from individual plants.  

C. Data Proxies Based on Publicly Available Data 

Many of the data that would be necessary to implement the allocation mechanisms 

discussed in earlier chapters are not directly available, either because the required data are 

confidential, not publicly available, or simply non-existent. However, it is possible to develop 

formulas from which to calculate the desired data at the plant level using the data that are 

available.  We refer to this general method of developing estimates for desired plant-level data 

from existing data as the use of data proxies. 

1. Electricity and Heat 

As noted above, there are many sources for data on electricity generation. However, to 

date no single source compiles all the data that would be necessary to implement a plant-level 

allocation mechanism across the entire European Union.  In fact, to our knowledge, no single 

source compiles any consistent plant-level activity data for the EU-15 Member States.  

However, data on activity at the plant level are available for many individual Member States, at 

varying degrees of detail and scope, as discussed above. The detailed, Member-State specific 

data examined in the next chapter allow us to test the data proxies we have developed for 

agreement with the existing data. 
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a. Capacity 

(1) Electricity 

The UDI database contains information on capacities for all European power facilities, 

and therefore it is not necessary to develop proxies for generator capacity. 

(2) Heat 

Euroheat does not collect information at the plant level from its members, but it is 

possible that such information may be developed in the future. The minimal requirement to be 

able to estimate allocations at the plant level would be a listing of all heating facilities with 

capacities over 20 MW in each country.  

b. Generation 

(1) Electricity 

To develop proxy estimates of electricity generation, we require information about the 

utilisation rates of various types of European facilities. We combined publicly available 

information from Eurostat on generation from particular fuels for each Member State with the 

detailed capacity data contained in the UDI database to develop utilisation estimates for 

different facility types in each Member State. Using the UDI data on the primary fuel used at 

each unit, we calculate each Member State’s total capacity by fuel type. We then divide the first 

set of data (Eurostat generation) by the second (UDI capacity) for each Member State to 

estimate the overall utilisation of units for each primary fuel type.  We then apply each Member 

State’s “primary fuel utilisation rate” to each unit in the database to calculate an estimated 

generation for each unit. These utilisation rates can be applied to the UDI capacity data to yield 

the total generation data reported by Eurostat.62  Table 29 summarises the utilisation rates 

calculated using this method. Chapter IX demonstrates the generation estimates that result from 

this method for Spain and compares them to actual plant-level information. 

                                                 
62 Note that calculating the utilisation in this way can yield values greater than 100 percent. This may indicate that 

UDI and Eurostat classify facilities differently by type or by primary fuel or that the capacities for some 
(continued...)  
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Table 29. Calculated Utilisation Rates by Primary Fuel Type for EU-15 Member States 

 Source: UDI 2001, Eurostat 2001, and NERA calculations. 
 

It is also possible to compare the total utilisation rates implicit in the Eurostat SIRENE 

data with the utilisation rates calculated using the UDI capacity values. Table 30 shows the 

calculated utilisation levels of conventional thermal facilities and of all facilities for both the 

Eurostat data and the proxy data. In general, the utilisation rates calculated using the combined 

method are close to, but slightly lower than, the rates calculated using the aggregate Eurostat 

data. One reason for the difference is that UDI capacities are as of 2000, whereas Eurostat 

capacities are as of 1999 and therefore may not account for recent growth. Since UDI total 

capacities are greater than Eurostat total capacities, the UDI utilisations will appear lower. 

                                                                                                                                                           
(...continued)  

facilities in one database are inconsistent with the capacities in the other.  For certain fuel types in some Member 
States, the UDI database does not list sufficient capacity to accommodate the generation reported in SIRENE. 

Member State Coal Oil Gas 1 Biomass 2 Hydro Nuclear Other
Austria 26% 18% 55% 111% 42% . 6%
Belgium 44% 7% 71% 71% 13% 100% 5%
Denmark 40% 63% 52% 87% 110% . 0%
Finland 42% 7% 64% 44% 51% 101% 3%
France 28% 10% 42% 83% 36% 72% 0%
Germany 52% 8% 33% 55% 32% 89% 18%
Greece 71% 48% 46% . 20% . 7%
Ireland 94% 94% 45% 3% 24% . 0%
Italy 32% 34% 65% 184% 31% . 0%
Luxembourg . 0% 54% 83% 8% . 0%
Netherlands 52% 286% 47% 70% 26% 97% 7%
Portugal 87% 43% 91% 100% 21% . 0%
Spain 64% 33% 84% 108% 17% 89% 54%
Sweden 30% 13% 41% 38% 49% 87% 4%
United Kingdom 37% 7% 83% 66% 22% 84% 0%

1. Includes derived gases, such as blast furnace and coke oven gases. 
2. Includes units burning municipal waste.
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Table 30. Utilisation Rates: SIRENE Generation as Percent of UDI or SIRENE Capacity 

Source: UDI 2001, Eurostat 2001, and NERA calculations. 
 

(2) Heat 

Generation of useful heat could be calculated in a similar fashion—i.e., it would be 

possible to calculate plant-level heat production based on estimated or known plant capacities 

and total Member State heat production.  

c. Heat Input  

Plant-level heat input could be estimated in two ways. If fuel use is known at the plant 

level, then heat input can be calculated by multiplying fuel use by each fuel’s heat content. 

Alternatively, if heat rate and total generation are known, heat input can be found by multiplying 

the two quantities. Because data on fuel input are limited, we adopt the second method.  

(1) Heat Rates 

Average heat rates for EU Member States can be estimated using the Eurostat SIRENE 

database. The database contains generation and heat input data for each Member State for each 

primary fuel type. By dividing heat input by generation for each fuel, the average efficiency of 

each Member State’s use of that fuel for electricity generation can be found. We can use these 

Member State
UDI-SIRENE 
Proxy Method

SIRENE 
Data

UDI-SIRENE 
Proxy Method

SIRENE 
Data

Austria 34% 35% 39% 39%
Belgium 45% 46% 62% 98%
Denmark 46% 37% 44% 32%
Finland 36% 46% 49% 70%
France 22% 23% 53% 116%
Germany 43% 51% 49% 72%
Greece 61% 66% 50% 52%
Ireland 58% 63% 53% 57%
Italy 41% 45% 38% 41%
Luxembourg 34% 43% 10% 10%
Netherlands 49% 55% 49% 56%
Portugal 66% 66% 48% 46%
Spain 56% 54% 45% 52%
Sweden 21% 17% 55% 75%
United Kingdom 43% 52% 48% 71%
European Union 43% 47% 48% 66%

Total Thermal Utilization Total Utilization
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calculated efficiencies as the estimated heat rate for units with the corresponding primary fuel, 

as listed in the UDI database. Table 31 shows the average heat rates by Member State and 

primary fuel, as estimated using this method. 

Table 31. Average Heat Rates by Fuel Type (MJ/MWh) 
 

Source:  Eurostat 2001 and NERA calculations. 
 

These rates can be combined with the generation proxy to estimate each unit’s heat input.   

d. Emissions  

We calculate unit emissions based on the heat input proxy, calculated as described 

above, and standard emission factors such as those shown in Table 16. For simplicity, we 

assume that the calculated heat input for each unit is produced exclusively by burning that 

unit’s primary fuel. We assume that the unit’s emissions rate per unit of heat input is equal to 

the emission factor for that primary fuel.  

2. Pulp and Paper 

a. Capacity 

Mill-level production capacity estimates for the nearly 1100 mills in the EU Member 

States were taken from the Jaakko Pöyry Consulting (“JPC”) pulp and paper database. This 

Country Coal Oil Gas Biomass Other
Austria 8,689 9,844 10,077 11,612 9,870
Belgium 8,972 8,920 8,640 35,423 9,202
Denmark 9,353 12,201 9,771 16,072 10,064
Finland 10,828 8,957 8,045 7,050 8,608
France 9,881 6,626 7,657 29,324 9,626
Germany 9,515 7,949 8,668 9,959 9,257
Greece 10,568 9,444 10,629 . 10,316
Ireland 10,122 9,395 8,775 14,905 9,526
Italy 8,878 8,397 8,318 18,086 8,526
Luxembourg . . 8,360 22,488 10,913
Netherlands 9,397 3,227 8,792 14,723 9,028
Portugal 9,246 8,265 8,527 6,251 8,690
Spain 9,962 7,847 5,736 15,200 8,875
Sweden 13,268 8,102 12,654 15,614 11,715
United Kingdom 10,276 6,882 7,393 14,644 8,848
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database includes detailed information for all the pulp and paper mills in the world, including 

capacity as well as type of machinery and equipment. Capacities for twelve different pulp grades 

were summed to estimate overall pulp capacities, and different paper grades were combined to 

estimate paper production capacity. Table 32 presents the mill-level capacity estimates.  

Table 32. Paper Production Capacity Estimates in the EU, 1995 & 1999  

Country 
Total Paper 

Capacity 1995 
Total Paper 

Capacity 1999 
Austria  3,931 4,440
Belgium  1,521 1,737
Denmark 381 388
Finland 12,110 14,515
France 9,789 10,676
Germany 16,858 19,029
Greece 471 532
Italy 9,158 10,423
Netherlands 3,258 3,618
Portugal 1,315 1,479
Spain 4,302 5,133
Sweden 10,044 11,456
United Kingdom 6,928 7,192
European Union  80,066 90,618
Note:  All capacity figures are shown in 1,000s of tonnes per year.   
Source:  Jaakko Pöyry Consulting estimates. 

b. Production 

Mill-level production estimates were calculated using the capacity estimates described 

above and mill utilisation rate estimates. Grade-specific utilisation rate estimates were 

calculated by JPC on the basis of production and capacity estimates for all of Western Europe. 

Table 33 compares the estimated production proxies to CEPI production estimates.  The sum of 

the proxy mill-level estimates for the EU in the years considered is typically 10 percent higher 

than the CEPI data for pulp and 5 percent higher than CEPI data for paper.  

Table 33. Estimates of Total EU Pulp and Paper Production, 1995, 1998, 1999 

 Pulp Paper & Board 
Year 1995 1998 1999 1995 1998 1999 
CEPI 31,234 34,362 34,634 69,632 77,555 79,874 
JPC 34,679 38,091 40,261 73,295 81,469 84,086 

Source: Jaakko Pöyry Consulting estimates. 
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c. Fuel Use 

Mill-level fuel use estimates were calculated using the production proxies, grade-

specific energy consumption estimates, and country-level CEPI estimates of fuel use in the pulp 

and paper industry. Where necessary, data gaps were filled with JPC estimates. Because a 

significant share of the energy used to produce pulp and paper is derived from off-site sources, 

it was also necessary to calculate the share of electricity and heat produced on-site.  

d. Emissions (from Fuel and Process) 

Mill-level direct and indirect CO2 emissions (fossil and biogenic) were obtained using 

country-level emissions data provided by CEPI63, fuel use estimates discussed above, and fuel-

specific CO2 emission factors (IPCC 1996). In addition, process-related emissions were 

estimated.  

3. Cement 

a. Kiln and Mill Capacity 

If plant-level data exist on cement production, it is possible to estimate mill capacity by 

dividing cement production by the average mill utilisation level for that member state. Kiln 

capacity can be estimated by dividing estimated clinker production (described below) by the 

estimated kiln utilisation rate for the Member State. 

b. Production 

(1) Cement 

The Cembureau WCD database only includes plant-level production data for at best 40 

percent of cement mills, and its production data are from 1993. Total cement production for 

each Member State is available through 1999, as is total capacity. It is therefore possible to 

estimate average mill utilisation for each Member State. This utilisation factor can be applied to 

mill capacities to estimate cement production for each plant.   

                                                 
63 No data were available for Denmark, Greece or Ireland. 
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Table 34. Estimated Utilisation Rates for Cement Mill Cement Production  

Note: A utilisation rate greater than 100% indicates that the Member State 
produced more cement than the mill capacity data suggest is possible.  This 
indicates that the available capacity data are probably inaccurate. 

Source: WCD 1996, CEMBUREAU, and calculations as described in text. 
 

(2) Clinker 

Clinker production can be estimated by combining total cement production data from 

CEMBUREAU with information on the proportions of different cements produced in each 

Member State. Each type of cement contains a characteristic proportion of clinker. Using an 

average percentage clinker content for each Member State and multiplying this value by the 

reported total cement production gives a rough estimate of clinker production in each Member 

State.  This method does not account for the trade of clinker between Member States.  Clinker that 

is produced in one Member State and exported to another country where it is combined to make 

cement would be assumed by this method to have been produced in the importing country.64  

Table 35 shows the estimated clinker production using this method.  We can combine these 

estimates with information on total kiln capacity to estimate average utilisation rates for the kilns 

at individual cement plants in each Member State. Table 36 presents these estimates. 

                                                 
64 According to Eurostat data, some countries do export a significant amount of clinker, relative to their total 

cement production.  In 1999, for example, Belgium produced 3.2 million tonnes of finished cement and an 
additional 1.8 million tonnes of intermediate clinker. 90 percent of this clinker was exported. 

1993 1994 1995 1996 1997
Austria 74% 73% 60% 61% 60%
Belgium 76% 84% 82% 79% 81%
Denm ark 61% 67% 71% 72%
Finland 52% 69% 72% 73%
France 61% 64% 61% 57%
Germ any
Greece 84% 83% 87% 89% 88%
Ireland 48% 54% 58% 64%
Italy 58% 55% 55% 55% 56%
Luxem bourg 175% 174% 148% 135%
Netherlands 74% 81% 81% 79%
Portugal 83% 87% 87% 91% 101%
Spain
Sweden 66% 66% 77% 75%
United Kingdom

Average 66% 66% 66% 65% 68%
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Table 35. Estimated Clinker Production By Member State (1000 tonnes) 

Source: WCD 1996, CEMBUREAU,  and calculations as described in text. 
 

Table 36. Estimated Utilisation Rates for Cement Kiln Clinker Production 

Note:  A utilisation rate greater than 100% indicates that the estimated clinker proxy suggests that 
production was greater than available kiln capacity.  This may indicate that the available 
capacity data are inaccurate, or that the Member State imports a significant portion of its 
clinker, and therefore is able to produce more cement than if it relied exclusively on 
domestically produced clinker. 

Source: WCD 1996, CEMBUREAU, and calculations as described in text. 

1993 1994 1995 1996 1997 1998
Austria 3,821 0 3,209 3,162 3,176 3,685
Belgium 0 0 5,310 5,087 5,216 5,079
Denmark 0 0 1,793 1,783 1,833 1,846
Finland 620 0 797 811 1,006 878
France 15,083 0 16,163 15,176 15,161 16,502
Germany 29,111 0 28,948 27,458 27,052 29,027
Greece 12,299 0 11,393 11,693 11,704 10,368
Ireland 1,399 0 0 1,885 2,048 2,200
Italy 25,765 0 27,200 26,999 27,576 28,313
Luxembourg 0 0 494 414 481 732
Netherlands 0 0 2,042 1,967 1,894 1,775
Portugal 6,075 0 6,800 7,079 7,873 8,170
Spain 19,604 0 22,759 22,080 24,006 27,495
Sweden 2,108 0 2,476 2,386 2,194 2,196
United Kingdom 10,763 0 0 0 0 12,209

Total 126,649 129,385 127,981 131,221 150,474

1993 1994 1995 1996 1997
Austria 75% 0% 67% 66% 66%
Belgium 0% 0% 76% 73% 75%
Denmark 0% 0% 69% 69%
Finland 37% 0% 77% 78%
France 61% 0% 67% 63%
Germany 71% 0% 69% 65%
Greece 95% 0% 88% 90% 90%
Ireland 72% 0% 0% 98%
Italy
Luxembourg 0% 0% 49% 41%
Netherlands 0% 0% 227% 219%
Portugal 84% 0% 94% 98% 109%
Spain 58% 0% 67% 65% 71%
Sweden 73% 0% 86% 83%
United Kingdom 75% 0% 0% 0% 0%

Average 64% 0% 66% 65% 65%
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c. Fuel Use 

Since data on fuel use by cement facilities are incomplete for most member states, it is 

difficult to develop reliable proxies. Fuel use data estimates are needed to calculate emissions 

and heat input for allocations based on these metrics.  For both, the higher the value, the greater 

is the allocation to the facility.  To give facilities an incentive to produce plant-level fuel-use 

data, it would be desirable to ensure that any proxy did not overestimate actual emissions or 

heat input. One option for facilities without reliable fuel use data would be to assume that they 

use the fuel with the lowest emissions (or in the case of an input-based allocation, that they use 

the fuel whose use typically requires the lowest input of heat). This would result in the lowest 

possible emissions (or heat input) estimates for those facilities, which in turn would result in 

the smallest allocation.65  

d. Heat Input 

We calculated heat input for each kiln by multiplying its estimated clinker production 

by an average heat requirement that varies by kiln type (Hendriks et al. 1998). 

e. Emissions  

Cement emissions involve both emissions from clinkering and emissions from fuel used 

in the process. We estimated emissions from clinker by multiplying estimated clinker 

production for each kiln by a clinker emissions factor of 0.51 per tonne. We estimated fuel-

related emissions by multiplying a plant’s estimated heat input by an emissions factor 

corresponding to the fuel mix used at the plant. 

                                                 
65 Note that this is the opposite of what would be desirable in the case of monitoring and reporting, where it would 

be appropriate to assume that firms with poor data had used the most emissions-intensive fuel, rather than the 
least.  
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VIII.  COMPARISON OF PROXY METRICS AND PLANT-SPECIFIC DATA 

The motivation behind the development of proxy data is that it may be difficult to 

collect all the necessary actual data. Actual data may never have been collected, may be 

confidential, or may not be reported consistently across member states or sectors. Proxy data 

provide metrics that can be compared across sectors and Member States and can stand in for 

missing or incompatible data.  

To test whether the proxies yield accurate data, it is useful to compare them to available 

observed data. This chapter considers the proxies described in the previous chapter and 

compares them to actual observed data. 

A. Electric Power Generation 

1. Spain 

To assess the accuracy of the generation proxy calculated from the UDI database using 

estimated utilisation rates, we compare the estimates resulting from this method for Spanish 

power plants to the actual generation values reported by UNESA, the industry organisation for 

Spain’s electric power industry.  

According to UNESA publications, facilities owned by its members account for 

approximately 85 percent of capacity and 85 percent of electricity generated in the country.  

Most of the facilities not included are so-called “Special Regime” facilities, which include 

cogeneration plants, waste incinerators, renewables, and small (under 10 MW) hydro facilities 

(UNESA 2000). 

Table 37 shows the capacities and annual generation from UNESA member plants with 

capacities greater than 20 MW for the years 1997-1999. For the same facilities, it also shows 

the UDI capacities and the proxy generation figures calculated using the utilisation estimates 

described in Chapter VII. The table also shows the percent difference between the actual value 

and the “proxy” value. This “error” value is calculated both for the year 1999, to which the 

proxy estimates correspond, and for the average generation for each facility between 1997-

1999. This latter error estimate allows for the possibility that some plants may have been at low 

levels of operation in certain years. The table is sorted alphabetically within primary fuel types. 
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Table 37. Spanish Power Plant Capacity and Generation: UNESA and UDI Comparison 

Source:  UNESA data and calculations as described in text.  
Note: Facilities listed in italics (i.e. nuclear facilities) do not have CO2 emissions, and therefore would not be 

expected to require any allowances.  

As the error columns indicate, the proxy gives estimates that in many cases are 

significantly different from the actual reported generation amounts.  The deviation is greater for 

gas and oil facilities – which may be due in part to the fact that these facilities often use both 

fuels interchangeably. It should be noted that the total proxy generation from UNESA member 

plants is in fact very close to the total generation reported by UNESA in 1999.  

UNESA PLANTS
UDI Data UNESA Data Error

Plant Fuel
Capacity 

(MW)
1999 Generation 

Proxy (GWh)
Capacity 

(MW)
Generation 
1997 (GWh)

Generation 
1998 (GWh)

Generation 
1999 (GWh) 1999

1997-1999 
Average

ALMARAZ Nuclear 1,861 14,600 1,956 13,111 14,362 15,645 -7% 2%
ASCO Nuclear 1,860 14,500 979 14,806 15,318 15,983 -9% -6%
COFRENTES Nuclear 1,089 8,517 1,025 7,163 8,473 7,772 10% 9%
GARONA Nuclear 460 3,598 466 3,508 3,952 3,483 3% -1%
JOSE CABRERA Nuclear 160 1,251 160 867 1,165 1,177 6% 17%
TRILLO Nuclear 1,091 8,532 1,066 8,283 7,015 7,263 17% 13%
VANDELLOS 2 Nuclear 1,004 7,852 1,082 7,559 8,717 7,529 4% -1%
ABONO Coal 908 5,124 903 4,746 6,131 6,712 -24% -13%
ALCUDIA Coal 510 2,878 510 2,282 3,142 3,476 -17% -3%

(1) ALGECIRAS Coal 753 4,622 753 2,093 1,135 982 371% 229%
ANLLARES Coal 350 1,975 350 2,812 1,945 2,449 -19% -18%
SERCHS Coal 175 987 160 1,112 548 685 44% 26%
COMPOSTILLA Coal 1,312 7,403 1,312 10,455 8,103 7,887 -6% -16%
ESCATRON Coal 80 451 80 319 269 343 32% 45%
ESCUCHA Coal 175 987 160 1,228 637 924 7% 6%

(2) GRANADILLA Coal 246 1,148 246 1,341 1,409 1,490 -23% -19%
GUARDO Coal 498 2,810 498 3,578 1,551 2,640 6% 9%
LA ROBLA Coal 620 3,499 620 4,177 3,442 3,981 -12% -10%
LADA Coal 510 2,878 505 1,402 1,432 3,062 -6% 46%
LITORAL DE ALMERIA Coal 1,100 6,207 1,100 1,444 6,444 7,685 -19% 20%
LOS BARRIOS Coal 550 3,104 550 1,309 3,161 3,762 -18% 13%
MEIRAMA Coal 553 3,120 550 1,992 2,933 3,232 -3% 15%
NARCEA Coal 569 3,211 583 3,575 3,140 3,818 -16% -9%
PASAJES Coal 214 1,208 214 79 411 1,436 -16% 88%
PUENTE NUEVO Coal 388 2,188 313 2,422 1,517 1,983 10% 11%
PUERTOLLANO Coal 220 1,241 220 1,525 827 1,266 -2% 3%
RODRIGUEZ (PUENTES) Coal 1,400 7,900 1,400 9,195 10,785 10,693 -26% -23%
SOTO DE RIBERA Coal 672 3,790 672 2,645 1,965 4,383 -14% 26%
TERUEL Coal 1,050 5,925 1,050 8,083 4,953 5,375 10% -3%

(3) CASTILLA LA MANCHA Gas 335 2,081 320 958 755 1,170 78% 117%
ACECA Gas 314 2,301 314 1,225 190 540 326% 253%
CRISTOBAL COLON Gas 148 1,086 148 459 269 180 503% 259%

(4) PUNTA GRANDE Gas 86 689 140 457 492 548 26% 38%
ACECA Oil 314 898 314 0 127 396 127% 415%
ALCUDIA Oil 75 215 75 39 12 14 1435% 892%
BADALONA Oil 344 986 344 0 0 0 - -

(5) BARRANCO DE TIRAJANA Coal 235 1,118 235 1,188 1,235 1,270 -12% -9%
BESOS Oil 450 1,289 450 578 250 351 267% 228%
CANDELARIA Oil 317 1,059 332 369 446 490 116% 143%
CASTELLON Oil 1,083 3,104 1,083 72 781 2,417 28% 185%
CEUTA Oil 42 121 42 109 118 145 -16% -2%
ESCOMBRERAS Oil 858 2,458 858 60 350 923 166% 453%
FOIX Oil 520 1,490 520 930 696 976 53% 72%
GUANARTEME Oil 34 99 34 0 0 0 - -
IBIZA Oil 25 454 143 414 447 496 -8% 0%
JINAMAR Oil 380 1,191 416 1,106 1,160 1,220 -2% 2%
LAS SALINAS Oil 49 226 80 268 285 299 -24% -20%
LOS GUINCHOS Oil 51 147 51 162 170 182 -19% -14%
MAHON Oil 76 350 137 234 124 120 191% 119%
MELILLA (MALAGA) Oil 35 100 45 106 108 120 -17% -10%
SABON Oil 470 1,346 470 0 313 491 174% 402%
SAN ADRIAN Oil 1,050 3,008 1,050 211 343 472 537% 780%
SAN JUAN DE DIOS Oil 195 559 195 532 105 107 422% 125%
SANTURCE Oil 919 2,682 937 257 449 1,027 161% 364%
SON MOLINAS Oil 50 183 64 6 3 9 1937% 2956%

TOTAL 28,831 160,745 28,280 132,851 134,110 151,079

(1) Includes both coal and gas facilities; (2) Includes both coal and oil; (3) Elcogas's coal gasification facility; (4) Includes both oil and gas; (5) Includes both coal and oil.
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For reference, Table 38 shows the non-UNESA plants with capacities greater than 20 

MW that are included in the UDI database. 

Table 38. Spanish Power Plant Capacity and Generation: non-UNESA Plants 

 
Source:  Calculations as described in text.  
Note: Facilities listed in italics (i.e. biomass facilities) do not have CO2 emissions, and therefore would not be 

expected to require any allowances.  

These generation proxies could be used to develop allocations to the Spanish power 

sector based on generation. Various allocation years could be used, e.g., 1999 or the average of 

1997-1999.   

2. Denmark 

The Danish government has collected data from electricity generators since 1994, in 

part as preparation for its implementation of its CO2 trading programme for the electric power 

sector. The Danish data are collected at the unit level, but they are not available publicly in this 

NON-UNESA PLANTS
UDI Data

Plant Fuel
Capacity 

(MW)
1999 Generation 

Proxy (GWh)
AVILES Coal 30 333
BERGA Coal 160 903
LA PEREDA Coal 50 282
PUERTOLLANO SATELO Coal 35 199
TORRELAVEGA MILL Coal 20 113
ALCALA POLISEDRA Gas 23 169
BARCELONA FORET Gas 23 270
BESOS PLANT Gas 28 206
CARATAGENA REPSOL Gas 38 281
CASTELLBISBAL MILL Gas 41 298
CASTELLON BP Gas 22 161
CASTILLA LA MANCHA Gas 190 1,394
EL PRAT DE LLOBREGAT Gas 42 305
GRANADA GRELVA Gas 33 242
HUELVA ERTISA Gas 25 183
HUELVA FORET Gas 22 158
HUELVA INTECSA Gas 28 205
HUELVA REFINERY Gas 38 281
LA CORUNA REFINERY Gas 38 275
MENGIBAR MILL Gas 22 158
MIRANDA DE EBRO Gas 38 281
MONTANANA MILL Gas 71 520
MONTANANESA MILL Gas 24 172
PUERTOLLANO REPSOL Gas 71 521
PUERTOLLANO REPSOL Oil 50 143
RIO DE EBRO MILL Gas 86 627
SAN ROQUE CEPSA Gas 115 859
SOMORROSTRO REFINERY Gas 38 275
TENERIFE COTESA Gas 38 281
TORTOSA ENERGIA Gas 23 167
TRUCHAS DEL CINCA PLANT Gas 24 178
ENDESA GT Oil 34 97
LA CORUNA REFINERY Oil 41 117
NAVIA Oil 25 72
PONTEVEDRA MILL Oil 30 103
SANTIAGO FINSA Oil 27 76
TARRAGONA REPSOL Oil 78 223
CASTILLA LA MANCHA Other 145 687
LA CORUNA WTE Biomass 49 465
SON REUS WTE Biomass 38 361
TIRMADRID Biomass 30 283

TOTAL 1,980 12,929
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form because of confidentiality agreements with generators. However, we can compare 

aggregated data from Denmark to the calculated proxy data.  Table 39 compares the official 

government data to proxy data for generators with capacities greater than 10 MW.  

Table 39. Comparison of Proxies with Official Government Statistics: Denmark 

 Source: Danish Energy Agency, NERA calculations. 
 

The proxies clearly are better for facilities that burn primarily coal and gas than for 

those that burn primarily oil or “other” fuels. In the official Denmark statistics, “other” refers to 

a large facility that primarily burns a liquefied coal slurry. It is possible that this facility is 

treated in the UDI database as an oil-burning facility. If these two fuel categories are combined, 

the relative difference between the official and proxy generation figures drops to 18 percent. 

The differences in heat input and emissions are also reduced, though they still remain large at 

51 and 57 percent, respectively.  

3. Member State Emissions from Electricity Generation 

Because historical emissions are an important candidate metric for an allocation 

mechanism, it is useful to compare the proxy emissions metric to the values in Eurostat’s 

SIRENE database. Table 40 compares the emissions estimated for each Member State using the 

UDI-based emissions proxy to the emissions reported by Eurostat for 1997. For the majority of 

OFFICIAL STATISTICS PROXY VALUES
Fuel Capacity Generation Heat Input Emissions Capacity Generation Heat Input Emissions

(units) (MW) (GWh) (TJ) (kt CO2) (MW) (GWh) (GJ) (kt CO2)
Coal 5,488 20,744 192,017 17,900 5,641 20,000 186,735 17,700
Oil 1,466 212 2,493 204 872 4,777 58,342 4,488
Gas 1,542 5,596 58,498 3,212 1,148 5,272 51,550 2,839
Biomass 117 730 12,940 0 98 751 12,077 0
Other 685 3,827 34,579 2,766 0 0 0 0
TOTAL 9,298 31,109 300,527 24,082 7,759 30,801 308,704 25,027

RELATIVE DIFFERENCE (% of official) ABSOLUTE DIFFERENCE (proxy error)
Fuel Capacity Generation Heat Input Emissions Capacity Generation Heat Input Emissions

(units) (MW) (GWh) (GJ) (kt CO2) (MW) (GWh) (GJ) (kt CO2)
Coal 3% -4% -3% -1% 152 -744 -5,282 -200
Oil -41% 2154% 2240% 2099% -594 4,565 55,848 4,284
Gas -26% -6% -12% -12% -394 -323 -6,948 -373
Biomass -16% 3% -7% - -18 21 -862 0
Other -100% -100% -100% -100% -685 -3,827 -34,579 -2,766
TOTAL -17% -1% 3% 4% -1,539 -308 8,178 945

Note: Includes generators with capacities greater than 10 MW.
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Member States the proxy estimates are close, though there seems to be a bias towards 

underestimation. For certain countries, including Spain, Portugal, Belgium, and Luxembourg, 

the proxy yields overall emissions values that are significantly different from reported values.  

Table 40. Comparison of Member State Emissions Proxies to Eurostat Values 

B. Pulp and Paper Production 

1. Finland 

Mill-specific data on annual production and fossil CO2 emissions were available in 

Finland (Finnish Forest Industries Federation 2000). Table 41 shows the actual figures and 

corresponding JPC estimates based on mill capacity and utilisation rate. For large mills, the 

estimates are quite accurate, with larger errors for smaller mills. For some mills, estimated 

production levels are higher than the actual figures. This may be due to a rebuild or other 

temporary production shutdown.  

Actual data on fossil CO2 emissions were available from the same source (Finnish 

Forest Industries Federation 2000). Comparison of actual to proxy emissions suggest that 

although there is good agreement for total emissions, the proxy is less reliable on the individual 

Member State
1997 Proxy 
Emissions 

1997 Eurostat 
Emissions Difference

Austria 11,100,000 12,620,000 -12%
Belgium 16,600,000 20,940,000 -21%
Denmark 29,900,000 33,420,000 -11%
Finland 24,500,000 24,740,000 -1%
France 28,900,000 29,570,000 -2%
Germany 249,000,000 294,680,000 -16%
Greece 37,900,000 35,940,000 5%
Ireland 13,700,000 14,230,000 -4%
Italy 112,000,000 122,650,000 -9%
Luxembourg 66,884 240,000 -72%
Netherlands 45,500,000 48,900,000 -7%
Portugal 19,100,000 16,060,000 19%
Spain 93,400,000 76,230,000 23%
Sweden 5,842,919 5,620,000 4%
United Kingdom 136,000,000 157,830,000 -14%
European Union 823,509,803 893,670,000 -8%

Note: Emissions are expressed in metric tonnes of CO2
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mill level. The errors in estimates do not depend on mill size or process type. The difference is 

likely to be caused by the difficulty in predicting accurately the source of energy used at 

individual facilities. The energy demand estimates for individual mills are reliable, but it is not 

possible to predict the shares of on-site energy generation and purchased electricity. Some mills 

buy most of this electricity, whereas others generate it on-site. Making assumptions about an 

“average pulp or paper mill” may lead to the types of error observed here, which could have a 

significant effect on plant-level allocations. 
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Table 41. Comparison of Proxies with Actual Finnish Mill-Level Data: Pulp and Paper 
Production and CO2 Emissions 66 

                                                 
66 Actual mill names have been withheld to protect confidentiality. 

Finland 1999
Mill JPC FFIF Error JPC FFIF Error JPC FFIF Error
Plant 1 64 64 0 % 0 0 40586 22110 84 %
Plant 2 53 63 -16 % 0 0 35745 -
Plant 3 622 628 -1 % 415 381 9 % 239140 106500 125 %
Plant 4 251 279 -10 % 228 227 0 % 59884 259630 -77 %
Plant 5 87 75 16 % 41 26 58 % 44800 34419 30 %
Plant 6 444 449 -1 % 312 353 -12 % 151334 44390 241 %
Plant 7 1028 1023 0 % 901 825 9 % 125404 234017 -46 %
Plant 8 73 57 28 % 0 0 5368 2350 128 %
Plant 9 575 529 9 % 498 468 6 % 181364 45119 302 %
Plant 10 478 436 10 % 762 757 1 % 47560 140600 -66 %
Plant 11 321 296 8 % 532 497 7 % 40745 195367 -79 %
Plant 12 45 50 -10 % 16 22 -27 % 21308 24121 -12 %
Plant 13 725 695 4 % 489 453 8 % 218780 149922 46 %
Plant 14 506 436 16 % 231 240 -4 % 291150 116945 149 %
Plant 15 190 181 5 % 93 84 11 % 100906 -
Plant 16 648 619 5 % 235 179 31 % 452484 347700 30 %
Plant 17 515 507 2 % 263 234 12 % 265647 279276 -5 %
Plant 18 76 90 -16 % 38 41 -7 % 52959 -
Plant 19 1062 928 14 % 1130 1010 12 % 215151 217179 -1 %
Plant 20 92 94 -2 % 41 30 37 % 64592 -
Plant 21 230 241 -5 % 163 225 -28 % 179446 144273 24 %
Plant 22 149 144 3 % 528 599 -12 % 40457 94000 -57 %
Plant 23 227 212 7 % 0 0 14876 -
Plant 24 109 118 -8 % 47 47 0 % 74931 -
Plant 25 197 216 -9 % 73 74 -1 % 93500 86383 8 %
Plant 26 239 248 -4 % 206 237 -13 % 194798 181000 8 %
Plant 27 631 658 -4 % 437 459 -5 % 280380 110041 155 %
Plant 28 85 104 -18 % 0 0 55223 72575 -24 %
Plant 29 792 770 3 % 429 457 -6 % 342543 452968 -24 %
Plant 30 737 678 9 % 429 354 21 % 305082 207600 47 %
Plant 31 613 611 0 % 501 455 10 % 178813 114806 56 %
Plant 32 191 185 3 % 57 84 -32 % 105089 141100 -26 %
Plant 33 356 364 -2 % 146 131 11 % 162354 296130 -45 %
Plant 34 0 0 583 606 -4 % 44677 63535 -30 %
Plant 35 0 0 385 382 1 % 29545 105725 -72 %
Plant 36 0 0 60 70 -14 % 10456 -
Plant 37 714 746 -4 % 348 352 -1 % 381433 276289 38 %
Plant 38 0 0 93 108 -14 % 338 12759 -97 %
Plant 39 0 0 320 285 12 % 24501 51310 -52 %
Plant 40 0 0 207 216 -4 % 15853 44000 -64 %
Plant 41 0 0 423 410 3 % 32427 18245 78 %
Plant 42 273 246 11 % 506 485 4 % 36030 165433 -78 %
TOTAL 13398 13040 3 % 12166 11863 3 % 4903194 4857817 1 %

Notes: JPC = Jaakko Pöyry Consulting estimates; FFIF = Actual data from Finnish Forest Industries Federation
Source: Jaakko Pöyry Consulting estimates and Finnish Forest Industries Federation (2000)

Paper production, 1000 t Pulp production, 1000 t CO2 emissions, t
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2. Capacity and Production in EU Member States 

The sum of mill-level capacities and production volumes can be compared to the figures 

reported by the FAO. In Figure 23, the FAO estimates are indexed as 100 and the 

corresponding JPC estimates are shown for the years 1995-99. 

Figure 23. EU Pulp and Paper Figures: Comparison of FAO and JPC (FAO = 100) 

Note:  Due to gaps in the FAO data, indices for pulp and paper capacity cannot be calculated for 1999.  
Source:  JPC estimates and FAO 1996-2000.  

 
For the EU, the JPC estimates are slightly higher than the FAO figures. One reason is 

that the determination of capacity is not unambiguous. The JPC estimates used here generally 

reflect “practical” capacity, so that increases in capacity, for example, are assumed to be fully 

operational only 2-3 years from their implementation. FAO statistics, on the other hand, may 

reflect a “theoretical” capacity that does not take into account practical limitations. Other 

differences may be caused by production shutdowns, which complicate the estimation of 

annual capacities and utilisation rates. Some production lines may also be operated to produce 

several different grades, which complicates the estimation of mill-level capacities and 

production volumes. 
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Comparisons of the proxy estimates to official estimates at the Member State level are 

shown in Figures 24-27. The figures show the variation of the proxy estimates from the FAO 

values, which are indexed for each Member State to a value of 100. The proxy estimates 

correspond well to the FAO figures, especially in the cases of the largest producers. The 

biggest differences can be found concerning the paper capacities of Belgium and Greece 

(Figure 25). In the case of Belgium, the JPC/FAO index for 1998 is 138. A corresponding 

index for CEPI/FAO is 130, so the JPC estimate is well in accordance with CEPI statistics. The 

same applies to Greece: the JPC/FAO and CEPI/FAO indices for 1997 are 65 and 63, 

respectively.  Comparisons of proxy and actual data at the plant- and mill-levels for all Member 

States are likely to vary to a greater degree. 

Figure 24. Pulp Capacity by Member State: Comparison of FAO and JPC (FAO = 100) 

Source:  JPC estimates and FAO 1996-2000.  
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Figure 25. Paper Capacity by Member State: Comparison of FAO and JPC (FAO = 100) 

Source:  JPC estimates and FAO 1996-2000.  

 
 
Figure 26. Pulp Production by Member State: Comparison of FAO and JPC (FAO = 100) 

Source:  JPC estimates and FAO 1996-2000.  
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Figure 27. Paper Production by Member State: Comparison of FAO and JPC (FAO = 100) 

Source:  JPC estimates and FAO 1996-2000.  

C. Cement Production 

To our knowledge, data on actual emissions from cement facilities generally are not 

available publicly. (The Finland data discussed in Chapter IX include two cement facilities.) It 

is possible, however, to provide information on the proxies developed using the methods 

outlined above. Table 42 provides estimated proxy information for French cement plants, based 

on plant characteristics and size, estimated production, type of cement, and fuel use. 
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Table 42. Proxies for French Cement Plant Emissions, Heat-Input, and Production 

Notes:  1. Italicised plant names indicate that the plant consists of only a mill or mills, but no kiln.  
2. Asterisks (**) indicate that no information was available from which to develop an allocation

Plant
Saint-Pierre-la-Cour 755 3,027 1,014 1,230
Heming 549 2,109 706 844
Couvrot 541 2,354 736 1,074
Montalieu 518 2,239 685 870
Airvault 516 2,343 687 1,074
Le Teil 462 1,844 617 745
La Malle 441 1,999 586 662
Martres 407 1,965 494 599
Origny 399 1,843 528 623
Cormeilles 389 1,720 431 541
Lexos 375 1,466 491 583
Beaucaire 354 1,465 490 614
Lumbres 349 2,107 377 468
La Couronne 345 1,283 430 523
Grave-de-Peille 344 1,460 456 580
Bussac 331 1,373 460 307
Havre-Saint-Vigor 290 1,086 364 430
Port-la-Nouvelle 256 955 320 388
Rochefort 255 979 328 375
Xeuilley 251 1,088 319 405
Beffes 249 1,130 331 479
Altkirch 248 954 319 375
Contes 242 1,173 294 340
Saint-Egrève 235 940 315 400
Gargenville 221 915 307 614
Dannes 210 953 239 330
Val-d'Azergues 201 901 264 334
Créchy 196 728 244 310
Frangey 190 800 235 272
Villiers-au-Bouin 177 732 245 276
Ranville 170 774 227 338
Pont-à-Vendin 101 594 106 135
Chambéry 92 376 126 160
Cruas 80 330 110 135
La Pérelle 52 236 59 75
Ébange 0 ** 0 623
Sète 0 ** 0 153
Brest 0 ** 0 62
Rombas 0 ** 0 522
Project 0 ** 0 **
Dunkerque ** ** ** **
Fos-sur-Mer ** ** ** **
Le Teil ** ** ** **
Total 10,790 46,240 13,938 18,866

1993 Emissions 
(thousand tons)

1993 Heat-Input  
(MMBtu)

1993 Clinker Production    
(thousand tons)

1993 Cement Production     
(thousand tons)
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IX.  DETAILED PLANT-LEVEL SIMULATIONS OF SELECTED 
ALLOCATION MECHANISMS 

In this chapter, we simulate the calculation of allocations to individual sectors and 

facilities based on actual and proxy data.  In the first section we discuss the allocation to the 

individual sectors considered here. The second section presents the results of the facility-level 

allocation simulations. (We assume that Member States possess a total number of emissions 

allowances equal to their Assigned Amounts under the Burden Sharing agreement.) 

For a multi-sector trading programme, a Member State may divide its allocation 

procedure into two basic steps: (1) the allocation to individual trading sectors as a whole; and 

(2) the allocation to facilities (or firms) within those sectors. (In certain cases, it may not be 

necessary to make an initial allocation at the sector level.) Both steps involve a decision about 

the mechanism to be used to distribute allowances. To a large degree, the two decisions are 

independent of each other. We discuss both of the allocation steps and describe the options 

considered below. 

A. Allocations at the Sector Level 

Member States generally would consider how allowances will be distributed among the 

individual sectors.  Although in theory there are countless ways that the allocation at the sector 

level can be done, we consider four candidates.67   

The first and perhaps most obvious option is to allocate to each sector based on the 

sector’s historical emissions in a specific year or years.  Thus if the electricity and heat sector 

accounted for 40 percent of emissions in the allocation year, then the entire sector would 

receive 40 percent of the allocation. The subsequent facility-level allocation to electricity and 

heat plants could be made using any of the facility-level metrics discussed below—it would not 

be limited to using an emissions-based metric. 

                                                 
67 All of the sector-level options that we consider are based on some form of emissions, because this facilitates the 

comparison across sectors. It would also be possible to allocate to sectors based on the value of their output, 
since values, like emissions, are measured in the same units across sectors. However, since value would not 
necessarily bear any relationship to the costs that the sectors are likely to incur under an emissions trading 
program, there is no equity argument for using sector value. 
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The second potential sector-level allocation option we consider is to allocate to each 

sector according to the amount that the sector was expected to emit under a least-cost emissions 

reduction policy such as an emissions trading programme.  This approach to sector-level 

allocation depends upon the existence—and acceptance—of a model that predicts the emissions 

levels under the new policy.68  Thus if a sector was predicted by the model to control its 

emissions to a greater extent than other sectors, that sector would receive a smaller allocation 

under this sector-level alternative.  Again using the electricity and heat sector as an example, if 

that sector were expected to reduce its emissions more than the other sectors after the imposition 

of a trading programme, so that it accounted for only 30 percent of total (reduced) emissions, then 

the sector would receive only 30 percent of the Member State’s emissions allocation, rather than 

the 40 percent it would have received under the allocation based on historical emissions.  

The final two options we consider for allocating to the sectors are based on estimates of 

each sector’s direct and indirect historical emissions. The justification here could be that the 

sectors will have to pay for the additional costs associated with higher fuel and electricity 

prices, and therefore should receive an allocation that reflects these higher costs.  The difficulty 

with these mechanisms is that they deny electricity generators some restitution for the 

additional costs of reducing the emissions associated with power purchased by their customers.  

Because of the potential effects on electricity generators, we consider two different options for 

indirect plus direct emissions. Under the first of these, electricity generators receive allowances 

for all of their direct emissions except for those due to electricity that was used by sectors 

included in the trading programme.  Under the second, more drastic option, electricity and heat 

generators receive no allowances for their own direct emissions—all of their direct emissions 

are treated as the indirect emissions of consumers and allocated accordingly.  

Table 43 shows the allocation that would be received by Sectors in each Member State 

for the year 2005 under the four options considered here.69  The table shows the allocations 

with industry boilers treated as part of the heat and power sector. 

                                                 
68 For our simulations of allocation options, we rely on the results of the Sectoral Objectives Study. 
69 The allocations to each Member State assume that the Burden Sharing Assigned Amounts are “phased-in” 

between 2005-2007—i.e. one-quarter of the difference between business-as-usual emissions and the Burden 
Sharing amount is reflected in the 2005 Member State allocation, one-half of it by 2006, etc.  
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Table 43. Alternative Sectoral CO2 Allowance Allocations: Boilers in Heat and Power  
Allocation ('000 tonnes CO2) Based on Share of:

Member State/Sector

Only Trading Sectors 
Receive Allowances for 

Indirect Emissions
Austria

Heat and Power 15,121 11,809 11,644 0
Building Materials 4,757 5,768 5,154 5,154

Pulp and Paper 299 361 2,841 2,841
Belgium

Heat and Power 28,352 26,225 23,623 0
Building Materials 7,931 8,312 8,810 8,810

Pulp and Paper 50 39 1,668 1,668
Denmark

Heat and Power 21,786 19,629 20,493 0
Building Materials 1,466 1,194 1,712 1,712

Pulp and Paper 221 134 1,017 1,017
Finland

Heat and Power 23,908 30,065 12,891 0
Building Materials 2,972 1,592 3,149 3,149

Pulp and Paper 169 267 10,618 10,618
France

Heat and Power 81,174 71,573 70,976 0
Building Materials 29,530 27,119 30,958 30,958

Pulp and Paper 2,466 2,119 8,563 8,563
Germany

Heat and Power 369,304 330,252 324,371 0
Building Materials 43,424 50,924 50,704 50,704

Pulp and Paper 981 399 23,546 23,546
Greece

Heat and Power 53,168 46,358 45,740 0
Building Materials 15,901 16,525 18,685 18,685

Pulp and Paper 249 207 3,302 3,302
Ireland

Heat and Power 14,468 14,607 12,822 0
Building Materials 396 265 722 722

Pulp and Paper 17 26 751 751
Italy

Heat and Power 147,763 134,806 120,466 0
Building Materials 41,254 43,884 47,231 47,231

Pulp and Paper 1,864 2,237 12,779 12,779
Netherlands

Heat and Power 70,074 61,257 63,471 0
Building Materials 3,281 2,866 4,208 4,208

Pulp and Paper 177 51 4,406 4,406
Portugal

Heat and Power 28,875 27,589 21,447 0
Building Materials 9,520 8,450 10,972 10,972

Pulp and Paper 57 915 5,518 5,518
Spain

Heat and Power 103,883 92,437 83,542 0
Building Materials 34,577 31,123 39,215 39,215

Pulp and Paper 2,974 2,027 12,180 12,180
Sweden

Heat and Power 9,654 14,541 6,340 0
Building Materials 4,118 3,460 4,204 4,204

Pulp and Paper 1,397 1,306 4,357 4,357
United Kingdom

Heat and Power 246,875 194,539 219,499 0
Building Materials 17,858 18,569 23,503 23,503

Pulp and Paper 694 1,451 15,416 15,416
EU-15 Heat and Power 1,214,404 1,075,688 1,037,325 0
EU-15 Building Materials 216,986 220,051 249,229 249,229
EU-15 Pulp and Paper 11,616 11,537 106,962 106,962
EU-15 3-Sector Total 1,443,006 1,307,275 1,393,516 356,191

All Sectors Receive 
Allowances for 

Indirect Emissions

Direct + Indirect Historical Emissions (1990)
Historical Emissions 

(1990)
"Expected" Emissions  

(2010)

 
Source:  Sectoral Objectives Study, NERA Calculations. 
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The table shows that if the allocation is based on expected emissions levels after least-

cost controls are put in place, facilities for producing electricity and heat in most Member 

States would receive a lower allocation than they would under an allocation based on historical 

emissions. The total allocation to power and heat facilities under the expected emissions option 

is only 88 percent of the allocation to those facilities under the historical emissions option. This 

result is to be expected, given the findings of the Sectoral Objectives Study, which indicated 

that electricity and heat facilities would account for a relatively greater share of emissions 

reductions than other facilities.  It is also interesting to note that when industrial boilers are 

grouped within their respective industries, the percent reduction under the “expected 

emissions” allocation to electricity and heat sectors is smaller. In other words, electricity and 

heat facilities that are owned by firms based in these industrial sectors are expected to reduce 

emissions on average to a greater degree than boilers or generators owned by firms in the 

electricity and heat business.70  

Table 44 shows the same allocations, except that boilers are treated as belonging to the 

sector of their owning firm. This latter treatment may give a better sense of the value of the 

allocation received by firms in the relevant sectors. 

                                                 
70 Note that the “EU-15 3-Sector Total” line in Table 43 varies, because some of the sectors expected to participate 

in trading are not considered explicitly in this report. These sectors have their own heat and power facilities, 
which are not included in the heat and power sector under some of the scenarios and which are not represented 
elsewhere in the table.  
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Table 44. Alternative Sectoral CO2 Allowance Allocations: Boilers in Industry 
Allocation ('000 tonnes CO2) Based on Share of:

Member State/Sector

Only Trading Sectors 
Receive Allowances for 

Indirect Emissions
Austria

Heat and Power 13,052 11,371 11,044 0
Building Materials 4,757 5,748 5,179 5,179

Pulp and Paper 1,066 566 2,097 2,097
Belgium

Heat and Power 24,709 22,860 20,475 0
Building Materials 7,931 8,314 8,867 8,867

Pulp and Paper 507 319 1,457 1,457
Denmark

Heat and Power 20,190 18,692 19,429 0
Building Materials 1,466 1,193 1,724 1,724

Pulp and Paper 288 142 534 534
Finland

Heat and Power 20,132 28,404 14,889 0
Building Materials 2,972 1,592 3,185 3,185

Pulp and Paper 3,850 1,472 8,418 8,418
France

Heat and Power 56,524 66,126 50,794 0
Building Materials 29,530 27,106 30,862 30,862

Pulp and Paper 4,096 2,119 6,060 6,060
Germany

Heat and Power 335,380 302,280 298,085 0
Building Materials 40,352 50,892 48,771 48,771

Pulp and Paper 5,776 4,220 16,982 16,982
Greece

Heat and Power 50,923 45,699 44,935 0
Building Materials 15,899 16,625 19,144 19,144

Pulp and Paper 420 308 1,339 1,339
Ireland

Heat and Power 13,606 14,067 12,283 0
Building Materials 1,112 265 1,541 1,541

Pulp and Paper 78 30 206 206
Italy

Heat and Power 129,510 128,863 105,380 0
Building Materials 41,254 44,183 48,482 48,482

Pulp and Paper 3,125 3,120 7,662 7,662
Netherlands

Heat and Power 58,216 60,904 52,756 0
Building Materials 3,281 2,868 4,508 4,508

Pulp and Paper 1,070 51 3,446 3,446
Portugal

Heat and Power 24,670 27,158 20,623 0
Building Materials 9,520 8,422 11,376 11,376

Pulp and Paper 1,096 915 2,642 2,642
Spain

Heat and Power 93,215 86,161 77,146 0
Building Materials 34,577 32,021 40,024 40,024

Pulp and Paper 2,974 2,893 6,102 6,102
Sweden

Heat and Power 7,792 13,622 6,136 0
Building Materials 4,118 3,459 4,209 4,209

Pulp and Paper 1,682 1,471 2,969 2,969
United Kingdom

Heat and Power 226,460 184,626 205,287 0
Building Materials 17,858 18,569 24,335 24,335

Pulp and Paper 4,062 3,151 10,939 10,939
EU-15 Heat and Power 1,074,379 1,010,833 939,265 0
EU-15 Building Materials 214,628 221,257 252,206 252,206
EU-15 Pulp and Paper 30,089 20,777 70,852 70,852
EU-15 3-Sector Total 1,319,096 1,252,867 1,262,323 323,058

All Sectors Receive 
Allowances for 

Indirect Emissions

Direct + Indirect Historical Emissions (1990)
Historical Emissions 

(1990)
"Expected" Emissions  

(2010)

 
Source:  Sectoral Objectives Study, NERA Calculations. 
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The proportion of emissions that are expected to be included in the trading programme 

may vary significantly by Member State.  In some States, included sectors will account for a 

larger share of total Member State emissions than in others. Figure 28 compares the emissions 

expected to be included within the trading programme in each Member State.  

Figure 28. Expected Share of Member State Emissions Included in Trading Programme 

Source:  Sectoral Objectives Study. 
 

Finally, note that an allocation based on historical emissions (i.e. emissions 

grandfathering) represents a special case in which it may be convenient to omit entirely the 

sector-level allocation.  Since emissions are measured in the same units across sectors, a facility’s 

allocation can be made based on its share of the entire Member State’s emissions.  Thus, in the 

case of emissions grandfathering, an initial allocation to each sector based on its historical 

emissions would be unnecessary.  If, however, a Member State were to decide to allocate to 

sectors based on the sector’s expected emissions under a trading programme, then it would be 

necessary to allocate first to sectors before determining the final allocation to facilities.71  

                                                 
71 The sector-level allocation could also be bypassed if sectors and facilities received allocations based on historical 

heat input. However, since this option would ignore process emissions, it may disadvantage certain sectors.  

(continued...)  
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B. Allocations at the Facility Level 

Of the facility-level allocation mechanisms that we discuss in Chapter V, we consider 

four for our plant-level simulations. Where necessary for the facility level allocations we 

assume that sectoral allocations are based on the sector’s historical emissions. We use the 

Sectoral Objectives Study’s estimates of sector-level and Member State emissions in 1990 to 

determine the proportion of historical emissions for which each sector is responsible.  

We compare the value of the allocations to individual facilities received over eight years, 

during the period 2005-2012.  To calculate the value of these allocations, we assume that the 

price of a CO2 allowance during the period 2008-2012 is €9920.28, as predicted by the Sectoral 

Objectives Study.72  We also assume that the discount rate on future allowances is 4 percent. 

The four allocation options we consider are the following. 

•  Grandfathering based on emissions. To calculate these allocations we use either the 
emissions proxies developed for each facility at the sectoral level, or actual official data 
from the Member States. 

•  Emissions-grandfathering with a phase-in of an allowance auction. We assume that the 
auction phase-in begins in 2008, with 10 percent of allowances withheld in that year, 
and an additional 10 percent withheld in each subsequent year. Thus in 2012, 50 percent 
of the Member State’s allowances are distributed by auction.  

•  Input-based grandfathering, using heat-input from fuel as the metric.  

•  Production-based grandfathering. The product used for this metric varies by sector.  

                                                                                                                                                           
(...continued)  

In a similar vein, if Member States possessed detailed plant-level models of all sectors covered, then it would be 
possible to bypass the sector-level allocation and allocate to individual facilities based on their expected 
emissions under the trading program.  It is unlikely that such detailed models exist, however, and if they did 
their results almost certainly would be contested by many firms. 

72 For the years 2005 – 2007, we assume that the price of emissions allowances increases linearly from zero to the 
Sectoral Objectives price, and that the overall emissions cap declines linearly from business as usual levels to 
expected emissions levels. 
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1. Plant-Level Allocations to the Electricity and Heat Sector 

We simulate plant-level allocations to the electricity sector using the data developed for 

Spanish generators. We compare allocations based on the data proxies, and where possible, on 

official data from UNESA. Spain receives a Burden Sharing allocation of 350 million tonnes of 

CO2 equivalent. According to the Sectoral Objectives Study, once non-CO2 GHGs are 

accounted for, the country can expect to have 275 million allowances remaining to allocate to 

CO2 emissions. Of these, the Spanish electricity and heat sector (including industrial boilers 

and generators) would be allocated 99 million, based on its historical emissions.  We estimated 

that the Spanish facilities included in the trading programme (i.e. those with nameplate 

capacities greater than 20MW) accounted for roughly 93 percent of capacity, and therefore 

assume that their base share of the sector’s allocation would be 92 million tonnes of CO2.  

Table 44 shows the allocations to Spanish electricity generators.  Plants are listed with 

the UNESA facilities first, grouped by primary fuel type. Non-UNESA facilities are shown in 

the latter half of the table. Note that some of these plants are industry-owned electricity and 

heat generation facilities, which are grouped with the electricity and heat sector for this 

example. Nuclear and biomass facilities are shown, but because they are not expected to require 

allowances, do not receive an allocation for this example.73 The third column of the table 

presents the total number of annual allowances received by each facility under Option 2 

(emissions-based grandfathering), where the metric is the proxy emissions estimate for 1999.  

The next column shows the value of the emissions-based grandfathering allocation over eight 

years (2005-2012), with the allowance price rising to the level predicted in the Sectoral 

Objectives study (i.e. €9920.28 per tonne) for 2008 and subsequent years. The present value 

calculation assumes a discount rate of 4 percent. The remaining columns present the total 

                                                 
73 Recall that non-emitting sources such as nuclear and hydro-electric generators typically would benefit from the 

higher prices that obtain under an emissions trading program, since they produce at the same (or higher) level 
and receive higher revenues due to higher prices. The allocations shown here do not allocate to non-emitting 
sources (including biomass sources), even under the production-based options. The Finland Case Study below 
considers an input-based allocation option where biomass facilities do receive an allocation for their biomass 
heat input, even though they would not have any net emissions from biomass fuels. 
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discounted value of eight years of the alternative allocations (2005-2012), along with the 

percentage change this represents from the emissions-based grandfathering baseline.74  

A comparison of the three pure grandfathering options shows that as expected, facilities 

that rely on coal receive a larger allocation under the emissions-based allocation than under the 

other alternatives. Coal facilities fare somewhat worse under the heat-input mechanism, and 

worst under the production mechanism. Along similar lines, gas and oil-fired generators receive 

the lowest allocation under the emissions-based mechanism, and their share increases under the 

input-based and production-based allocations. Because of the difference between the proxy 

generation estimates and the UNESA estimates, the two production-based mechanisms do 

differ somewhat, but the overall effects compared to the other mechanisms remain the same.75  

                                                 
74 We were unable to obtain plant-level data on heat or steam generation for Spanish facilities, and therefore the 

allocations based on production rely exclusively on electricity generation. 
75 The allocation based on UNESA production data does not include production data for non-UNESA facilities, so 

an additional 9 percent of the total allocation is withheld for the non-UNESA sources. 
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Table 45. Plant-Level CO2 Allocations to UNESA Spanish Generators 

 
…Table continues on the following page 

Present Value of Alternative Allocations
(€ millions) (% change)

Plant
Primary 

Fuel
ABONO Coal 4,921 553.5 434.5 (-21%) 517.0 (-7%) 454.2 (-18%) 649.2 (17%)
ALCUDIA Coal 2,764 310.9 244.1 (-21%) 290.6 (-7%) 255.1 (-18%) 328.5 (6%)
ALGECIRAS Coal 2,888 324.9 255.1 (-21%) 303.4 (-7%) 409.8 (26%) 155.4 (-52%)
ANLLARES Coal 1,897 213.3 167.5 (-21%) 198.7 (-7%) 175.1 (-18%) 266.0 (25%)
SERCHS Coal 948 106.7 83.7 (-21%) 99.6 (-7%) 87.5 (-18%) 86.6 (-19%)
COMPOSTILLA Coal 7,110 799.7 627.9 (-21%) 746.7 (-7%) 656.3 (-18%) 976.1 (22%)
ESCATRON Coal 434 48.8 38.3 (-21%) 45.5 (-7%) 40.0 (-18%) 34.4 (-30%)
ESCUCHA Coal 948 106.7 83.7 (-21%) 99.6 (-7%) 87.5 (-18%) 102.9 (-3%)
GRANADILLA Coal 867 97.5 76.6 (-21%) 91.1 (-7%) 101.8 (4%) 156.5 (60%)
GUARDO Coal 2,699 303.5 238.3 (-21%) 283.1 (-7%) 249.1 (-18%) 286.8 (-6%)
LA ROBLA Coal 3,360 377.9 296.7 (-21%) 352.5 (-7%) 310.2 (-18%) 428.2 (13%)
LADA Coal 2,764 310.9 244.1 (-21%) 290.6 (-7%) 255.1 (-18%) 217.6 (-30%)
LITORAL DE ALMERIA Coal 5,961 670.5 526.4 (-21%) 626.0 (-7%) 550.3 (-18%) 574.8 (-14%)
LOS BARRIOS Coal 2,981 335.2 263.2 (-21%) 313.0 (-7%) 275.1 (-18%) 303.9 (-9%)
MEIRAMA Coal 2,997 337.1 264.6 (-21%) 315.1 (-7%) 276.6 (-18%) 301.1 (-11%)
NARCEA Coal 3,084 346.8 272.3 (-21%) 323.7 (-7%) 284.6 (-18%) 388.8 (12%)
PASAJES Coal 1,160 130.4 102.4 (-21%) 121.8 (-7%) 107.1 (-18%) 71.1 (-45%)
PUENTE NUEVO Coal 2,102 236.4 185.6 (-21%) 221.1 (-6%) 194.0 (-18%) 218.6 (-8%)
PUERTOLLANO Coal 1,192 134.1 105.3 (-21%) 125.0 (-7%) 110.1 (-18%) 133.5 (0%)
RODRIGUEZ (PUENTES) Coal 7,587 853.3 670.0 (-21%) 796.9 (-7%) 700.4 (-18%) 1,132.2 (33%)
SOTO DE RIBERA Coal 3,639 409.4 321.4 (-21%) 382.4 (-7%) 336.0 (-18%) 331.9 (-19%)
TERUEL Coal 5,690 640.0 502.5 (-21%) 597.1 (-7%) 525.3 (-18%) 679.6 (6%)
ALCUDIA Coal 2,764 310.9 244.1 (-21%) 290.6 (-7%) 255.1 (-18%) 328.5 (6%)
BARRANCO DE TIRAJANA Coal 867 97.5 76.6 (-21%) 91.1 (-7%) 99.1 (2%) 136.3 (40%)
CASTILLA LA MANCHA Gas 527 59.3 46.6 (-21%) 81.0 (36%) 184.5 (211%) 106.4 (79%)
ACECA Gas 737 82.9 65.1 (-21%) 133.5 (61%) 204.0 (146%) 72.2 (-13%)
CRISTOBAL COLON Gas 348 39.1 30.7 (-21%) 63.1 (61%) 96.3 (146%) 33.5 (-14%)
PUNTA GRANDE Gas 144 16.2 12.8 (-21%) 26.2 (61%) 61.1 (276%) 55.3 (240%)
ACECA Gas 737 82.9 65.1 (-21%) 133.5 (61%) 204.0 (146%) 72.2 (-13%)
ALMARAZ Nuclear 0 0.0 0.0 0.0 0.0 0.0
ASCO Nuclear 0 0.0 0.0 0.0 0.0 0.0
COFRENTES Nuclear 0 0.0 0.0 0.0 0.0 0.0
GARONA Nuclear 0 0.0 0.0 0.0 0.0 0.0
JOSE CABRERA Nuclear 0 0.0 0.0 0.0 0.0 0.0
TRILLO Nuclear 0 0.0 0.0 0.0 0.0 0.0
VANDELLOS 2 Nuclear 0 0.0 0.0 0.0 0.0 0.0
BADALONA Oil 604 68.0 53.4 (-21%) 78.3 (15%) 87.4 (29%) 0.0 (-100%)
BESOS Oil 790 88.9 69.8 (-21%) 102.4 (15%) 114.3 (29%) 43.5 (-51%)
CANDELARIA Oil 649 73.0 57.3 (-21%) 84.2 (15%) 93.9 (29%) 48.2 (-34%)
CASTELLON Oil 1,903 214.0 168.1 (-21%) 246.8 (15%) 275.2 (29%) 120.7 (-44%)
CEUTA Oil 74 8.4 6.6 (-21%) 9.7 (15%) 10.8 (29%) 13.7 (64%)
ESCOMBRERAS Oil 1,507 169.5 133.1 (-21%) 195.5 (15%) 217.9 (29%) 49.2 (-71%)
FOIX Oil 913 102.7 80.7 (-21%) 118.6 (15%) 132.1 (29%) 96.0 (-7%)
GUANARTEME Oil 60 6.8 5.3 (-21%) 7.8 (15%) 8.7 (29%) 0.0 (-100%)
IBIZA Oil 278 31.3 24.6 (-21%) 36.1 (15%) 40.3 (29%) 50.1 (60%)
JINAMAR Oil 730 82.1 64.5 (-21%) 94.6 (15%) 105.6 (29%) 128.7 (57%)
LAS SALINAS Oil 139 15.6 12.3 (-21%) 18.0 (15%) 20.1 (29%) 31.4 (101%)
LOS GUINCHOS Oil 90 10.1 7.9 (-21%) 11.7 (15%) 13.0 (29%) 19.0 (88%)
MAHON Oil 214 24.1 18.9 (-21%) 27.8 (15%) 31.0 (29%) 17.6 (-27%)
MELILLA (MALAGA) Oil 61 6.9 5.4 (-21%) 7.9 (15%) 8.9 (29%) 12.3 (79%)
SABON Oil 826 92.9 72.9 (-21%) 106.8 (15%) 119.4 (29%) 29.7 (-68%)
SAN ADRIAN Oil 1,844 207.5 162.9 (-21%) 239.3 (15%) 266.7 (29%) 37.9 (-82%)
SAN JUAN DE DIOS Oil 343 38.5 30.2 (-21%) 44.4 (15%) 49.5 (29%) 27.5 (-29%)
SANTURCE Oil 1,645 185.0 145.2 (-21%) 213.6 (16%) 237.8 (29%) 64.0 (-65%)
SON MOLINAS Oil 112 12.6 9.9 (-21%) 14.6 (15%) 16.3 (29%) 0.7 (-95%)

Emissions-Based with 
Auction Phase-In

Heat Input-Based 
Grandfathering

Annual Allowances 
Under Emissions-

Based Grandfathering 
(thousand tons)

Present Value of 
Emissions-Based 
Grandfathering 

(€ millions) 

Production-Based 
Grandfathering 

(proxy)

Production-Based 
Grandfathering 

(UNESA)
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Table 45 (continued). Plant-Level CO2 Allocations to Non-UNESA Spanish Generators 

 
Notes:  1. Facilities listed in italics are assumed not to receive an allocation, because they do not have emissions.  

2. The annual allowances listed in the second column are for the years 2008–2012. 
Source: NERA calculations based on proxies.  

Another item of note is that the only difference between the auction phase-in option and 

the pure emissions grandfathering option is a reduction in the present value of allowances 

received by 21 percent. Table 45 illustrates the effects of using alternative auction phase-in 

schedules on the present value of the allocation, relative to pure emissions grandfathering. 

Table 46. Comparison of Alternative Auction Phase-In Rates 

Note:  Allowances are auctioned between 2008-2012.

Present Value of Alternative Allocations
(€ millions) (% change)

Plant
Primary 

Fuel
LA CORUNA WTE Biomass 0 0.0 0.0 0.0 0.0
SON REUS WTE Biomass 0 0.0 0.0 0.0 0.0
TIRMADRID Biomass 0 0.0 0.0 0.0 0.0
AVILES Coal 320 36.0 28.2 (-21%) 33.6 (-7%) 29.5 (-18%)
BERGA Coal 867 97.5 76.6 (-21%) 91.1 (-7%) 80.0 (-18%)
LA PEREDA Coal 271 30.5 23.9 (-21%) 28.5 (-7%) 25.0 (-18%)
PUERTOLLANO SATELO Coal 191 21.5 16.9 (-21%) 20.1 (-7%) 17.7 (-18%)
TORRELAVEGA MILL Coal 108 12.2 9.6 (-21%) 11.4 (-7%) 10.0 (-18%)
ALCALA POLISEDRA Gas 54 6.1 4.8 (-21%) 9.8 (61%) 15.0 (146%)
BARCELONA FORET Gas 86 9.7 7.6 (-21%) 15.7 (61%) 23.9 (146%)
BESOS PLANT Gas 66 7.4 5.8 (-21%) 11.9 (61%) 18.2 (146%)
CARATAGENA REPSOL Gas 98 11.1 8.7 (-21%) 16.3 (48%) 24.9 (126%)
CASTELLBISBAL MILL Gas 95 10.7 8.4 (-21%) 17.3 (61%) 26.4 (146%)
CASTELLON BP Gas 52 5.8 4.6 (-21%) 9.4 (61%) 14.3 (146%)
EL PRAT DE LLOBREGAT Gas 97 11.0 8.6 (-21%) 17.7 (61%) 27.0 (146%)
GRANADA GRELVA Gas 78 8.7 6.8 (-21%) 14.1 (61%) 21.5 (146%)
HUELVA ERTISA Gas 59 6.6 5.2 (-21%) 10.7 (61%) 16.3 (146%)
HUELVA FORET Gas 51 5.7 4.5 (-21%) 9.2 (61%) 14.0 (146%)
HUELVA INTECSA Gas 66 7.4 5.8 (-21%) 11.9 (61%) 18.2 (146%)
HUELVA REFINERY Gas 90 10.1 7.9 (-21%) 16.3 (61%) 24.9 (146%)
LA CORUNA REFINERY Gas 96 10.8 8.5 (-21%) 16.0 (48%) 24.4 (126%)
MENGIBAR MILL Gas 51 5.7 4.5 (-21%) 9.2 (61%) 14.0 (146%)
MIRANDA DE EBRO Gas 90 10.1 8.0 (-21%) 16.3 (61%) 24.9 (146%)
MONTANANA MILL Gas 166 18.7 14.7 (-21%) 30.2 (61%) 46.1 (146%)
MONTANANESA MILL Gas 55 6.2 4.9 (-21%) 10.0 (61%) 15.3 (146%)
PUERTOLLANO REPSOL Gas 182 20.5 16.1 (-21%) 30.3 (48%) 46.2 (126%)
PUERTOLLANO REPSOL Gas 182 20.5 16.1 (-21%) 30.3 (48%) 46.2 (126%)
RIO DE EBRO MILL Gas 201 22.6 17.7 (-21%) 36.4 (61%) 55.6 (146%)
SAN ROQUE CEPSA Gas 300 33.7 26.5 (-21%) 49.9 (48%) 76.1 (126%)
SOMORROSTRO REFINERY Gas 96 10.8 8.5 (-21%) 16.0 (48%) 24.4 (126%)
TENERIFE COTESA Gas 90 10.1 8.0 (-21%) 16.3 (61%) 24.9 (146%)
TORTOSA ENERGIA Gas 54 6.0 4.7 (-21%) 9.7 (61%) 14.8 (146%)
TRUCHAS DEL CINCA PLANT Gas 57 6.4 5.0 (-21%) 10.3 (61%) 15.8 (146%)
LA CORUNA REFINERY Gas 96 10.8 8.5 (-21%) 16.0 (48%) 24.4 (126%)
ENDESA GT Oil 60 6.7 5.3 (-21%) 7.7 (15%) 8.6 (29%)
NAVIA Oil 44 5.0 3.9 (-21%) 5.7 (15%) 6.4 (29%)
PONTEVEDRA MILL Oil 63 7.1 5.6 (-21%) 8.2 (15%) 9.1 (29%)
SANTIAGO FINSA Oil 47 5.3 4.1 (-21%) 6.1 (15%) 6.8 (29%)
TARRAGONA REPSOL Oil 137 15.4 12.1 (-21%) 17.8 (15%) 19.8 (29%)
Total 91,616 10,305 8,090 (-21%) 10,305 (0%) 10,305 (0%) 9,418 (-9%)

Emissions-Based with 
Auction Phase-In

Heat Input-Based 
Grandfathering

Annual Allowances 
Under Emissions-

Based Grandfathering 
(thousand tons)

Present Value of 
Emissions-Based 
Grandfathering 

(€ millions) 

Production-Based 
Grandfathering 

(proxy)

Production-Based 
Grandfathering 

(UNESA)

Annual Increase in 
Percentage of Total 

Allowances Auctioned

Percentage Change in Present 
Value from Pure 
Grandfathering

10% -21%
15% -32%
20% -43%
25% -50%
30% -55%
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2. Plant-Level Allocations to the Cement Sector 

We develop allocations to French cement facilities using the proxies developed above. 

Under Burden Sharing, France receives an Assigned Amount of 540 million tonnes of CO2 

equivalents.  Once non-CO2 GHGs are accounted for, the country can expect to have around 

410 million allowances remaining to allocate to the CO2 emissions trading programme. Of 

these, the French non-metallic building materials sector would be allocated 28 million, based 

on its historical emissions.  We assume that cement facilities included here accounted for 

roughly 40 percent of these emissions, and therefore assumed that their base share of the 

sector’s allocation would be slightly less than 13 million.   

Table 46 shows the allocations to French cement facilities.  The second column of the 

table presents the total number of annual allowances received by each facility under Option 2 

(emissions-based grandfathering), where the metric is the proxy emissions estimate based on 

capacity and fuel use.  The next column shows the value of the emissions-based grandfathering 

allocation over eight years, using the Sectoral Objectives allowance price of €9920.28 when the 

caps reach their Kyoto target levels in 2008, and a discount rate of 4 percent. The remaining 

columns present the total discounted value of eight years of the alternative allocations, along 

with the percentage change this represents from the emissions-based grandfathering baseline. 

For the production-based allocation, we consider two alternatives: the first bases the allocation 

on clinker production, while the second bases it on finished cement production.  
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Table 47. Plant-Level Allocations to the French Cement Sector 

 

 Notes:   1. Italicised plant names indicate that the plant consists of only a mill or mills, but no kiln.  
  2. The annual allowances listed in the second column are for the years 2008–2012. 
  3. Asterisks (**) indicates that no information was available from which to develop an allocation. 
 Source:  NERA calculations based on proxies.  

 

Plant
Saint-Pierre-la-Cour 808 90.9 71.3 (-21%) 85.0 (-6%) 94.4 (4%) 84.7 (-7%)
Heming 587 66.0 51.8 (-21%) 59.2 (-10%) 65.8 (0%) 58.1 (-12%)
Couvrot 579 65.2 51.2 (-21%) 66.1 (1%) 68.5 (5%) 73.9 (13%)
Montalieu 554 62.3 48.9 (-21%) 62.9 (1%) 63.8 (2%) 59.9 (-4%)
Airvault 552 62.1 48.7 (-21%) 65.8 (6%) 64.0 (3%) 73.9 (19%)
Le Teil 494 55.6 43.6 (-21%) 51.8 (-7%) 57.5 (4%) 51.3 (-8%)
La Malle 472 53.0 41.6 (-21%) 56.1 (6%) 54.6 (3%) 45.6 (-14%)
Martres 435 49.0 38.4 (-21%) 55.2 (13%) 46.0 (-6%) 41.2 (-16%)
Origny 427 48.1 37.7 (-21%) 51.7 (8%) 49.2 (2%) 42.9 (-11%)
Cormeilles 417 46.9 36.8 (-21%) 48.3 (3%) 40.1 (-14%) 37.2 (-21%)
Lexos 401 45.1 35.4 (-21%) 41.2 (-9%) 45.7 (1%) 40.1 (-11%)
Beaucaire 378 42.5 33.4 (-21%) 41.1 (-3%) 45.7 (7%) 42.2 (-1%)
Lumbres 373 42.0 33.0 (-21%) 59.2 (41%) 35.1 (-16%) 32.2 (-23%)
La Couronne 369 41.5 32.6 (-21%) 36.0 (-13%) 40.0 (-3%) 36.0 (-13%)
Grave-de-Peille 368 41.4 32.5 (-21%) 41.0 (-1%) 42.5 (3%) 39.9 (-4%)
Bussac 355 39.9 31.3 (-21%) 38.6 (-3%) 42.8 (7%) 21.1 (-47%)
Havre-Saint-Vigor 310 34.9 27.4 (-21%) 30.5 (-12%) 33.9 (-3%) 29.6 (-15%)
Port-la-Nouvelle 274 30.8 24.2 (-21%) 26.8 (-13%) 29.8 (-3%) 26.7 (-13%)
Rochefort 273 30.7 24.1 (-21%) 27.5 (-10%) 30.5 (0%) 25.8 (-16%)
Xeuilley 269 30.2 23.7 (-21%) 30.5 (1%) 29.7 (-2%) 27.9 (-8%)
Beffes 266 29.9 23.5 (-21%) 31.7 (6%) 30.8 (3%) 32.9 (10%)
Altkirch 265 29.8 23.4 (-21%) 26.8 (-10%) 29.8 (0%) 25.8 (-14%)
Contes 259 29.2 22.9 (-21%) 32.9 (13%) 27.4 (-6%) 23.4 (-20%)
Saint-Egrève 252 28.3 22.2 (-21%) 26.4 (-7%) 29.3 (4%) 27.5 (-3%)
Gargenville 236 26.6 20.9 (-21%) 25.7 (-3%) 28.6 (7%) 42.2 (59%)
Dannes 224 25.2 19.8 (-21%) 26.8 (6%) 22.2 (-12%) 22.7 (-10%)
Val-d'Azergues 215 24.2 19.0 (-21%) 25.3 (4%) 24.6 (2%) 23.0 (-5%)
Créchy 209 23.6 18.5 (-21%) 20.5 (-13%) 22.7 (-4%) 21.3 (-9%)
Frangey 204 22.9 18.0 (-21%) 22.5 (-2%) 21.8 (-5%) 18.7 (-18%)
Villiers-au-Bouin 189 21.3 16.7 (-21%) 20.6 (-3%) 22.8 (7%) 19.0 (-11%)
Ranville 182 20.5 16.1 (-21%) 21.7 (6%) 21.1 (3%) 23.2 (13%)
Pont-à-Vendin 108 12.1 9.5 (-21%) 16.7 (38%) 9.9 (-18%) 9.3 (-23%)
Chambéry 99 11.1 8.7 (-21%) 10.6 (-5%) 11.7 (6%) 11.0 (-1%)
Cruas 85 9.6 7.5 (-21%) 9.3 (-3%) 10.3 (7%) 9.3 (-3%)
La Pérelle 56 6.3 4.9 (-21%) 6.6 (5%) 5.5 (-13%) 5.2 (-18%)
Ébange 0 0.0 0.0 - - 0.0 - 42.9 -
Sète 0 0.0 0.0 - - 0.0 - 10.5 -
Brest 0 0.0 0.0 - - 0.0 - 4.3 -
Rombas 0 0.0 0.0 - - 0.0 - 35.9 -
Project 0 0.0 0.0 - - 0.0 - ** -
Dunkerque ** ** ** - ** - ** - ** -
Fos-sur-Mer ** ** ** - ** - ** - ** -
Le Teil ** ** ** - ** - ** - ** -
Total 11,544 1,298 1,019 (-21%) 1,298 (0%) 1,298 (0%) 1,298 (0%)

Present Value of Alternative Allocations
(€ millions) (% change)Annual Allowances 

Under Emissions-
Based Grandfathering 

(thousand tons)

Present Value of 
Emissions-Based 
Grandfathering 

(€ millions) 

Emissions-Based 
with Auction 

Phase-In

Production-Based 
Grandfathering 

(Cement)
Heat Input-Based 
Grandfathering

Production-Based 
Grandfathering 

(Clinker)
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The allocations to cement plants, while related to capacity and fuel use, also depend 

upon the type of cement produced. Plants producing cement with high clinker content will, all 

else being equal, receive larger allocations than other plants. However, since the type of kiln 

affects the necessary heat input, the overall emissions rate can still vary, even for plants that 

produce exactly the same type of cement or the same amounts of clinker. In general, plants with 

more efficient kilns will do better under the production-based metrics than under the heat input 

metric. Plants using coal as their predominant fuel, and those that produce a high-clinker 

product, will do better under the emissions metric.  

The two production-based metrics have different distributional consequences as well.  

The clinker-based one has outcomes that are perhaps closest to those typically expected from a 

production-based metric: for example, facilities with low specific emissions are rewarded. The 

allocation based on finished cement, on the other hand, would allocate the same number of 

allowances for a tonne of slag cement that it would allocate for a tonne of pure portland cement. 

Since the two types of cement may have very different uses (and since slag cement has a much 

lower clinker content, and therefore lower associated emissions), it may be considered unfair to 

give the slag plant the same allocation. Similarly the finished cement allocation that we develop 

here gives allowances to cement mills without any associated kiln, even though the production of 

finished cement from clinker entails few if any direct emissions. Allocations to such mills might 

be justified on the grounds that such mills are likely to have increased clinker costs.  However, 

the kiln or kilns from which the mills purchased their clinker (and which would have emissions 

from that production) would not receive an allocation for that clinker, since the originating kiln 

did not produce finished cement from it.76  

3. Plant-Level Allocations to the Pulp and Paper Sector 

We develop allocations for the pulp and paper sector based on the sector data for 

Finland developed and presented above.  For this example, we allocate to all facilities owned 

by pulp and paper manufacturers, including their boiler and generator facilities. This example 

illustrates a point made earlier: firms in the pulp and paper industry (or any other industry) 

                                                 
76 The outcomes in this case are in many ways similar to the effect of allocating based on “indirect emissions.”  

Both options base an allocation on the finished product at the expense of the producer of the intermediate good. 
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would receive allowances for their boiler and generator facilities regardless of the particular 

sector these facilities are grouped under for purposes of defining sectors in the regulation.  

Under Burden Sharing, Finland receives an Assigned Amount of 66 million tonnes of 

CO2 equivalents.  Once non-CO2 GHGs are accounted for, the country can expect to have 55 

million allowances remaining to allocate to a CO2 emissions trading programme. Of these, the 

pulp and paper sector is allocated approximately 4 million, based on its historical emissions. 

Table 47 shows the allocations to facilities in the sector. The changes in the allocations 

when moving from an emissions-based metric to a production-based one are fairly dramatic. 

The differences are due to variability in the activities that take place at different pulp and paper 

facilities.  Two alternative production-based metrics are considered here.  One allocates to the 

facilities based on the total tonnage of both pulp and paper produced at the mill in question. 

This is a crude metric, since it is probably inappropriate to compare tonnes of paper to tonnes 

of pulp. The second metric allocates to each facility based on production, but divides the 

allocation into two components: one for pulp production and one for paper production.  A 

mill’s allocation for each sub-product is based on its share of total pulp or paper production. 

The total allowances allocated to historical pulp production are based on the historical share of 

emissions accounted for by pulp, as opposed to paper. A mill’s share of pulp production is 

multiplied by the number of allowances set aside for pulp, and a similar calculations is 

performed for paper. The mill’s final allocation is the sum of these two.  

Allocating to facilities based on their past production is better for facilities with low 

emissions. It is important to note that in this sector there are many reasons for low emissions: 

they may be due to a heavy reliance on biomass, to a complete reliance on off-site power 

electricity, or they may be simply the result of concentrating on a product with low energy 

requirements per tonne of product. Among the attractive features of production-based metrics 

are that they do not reward facilities with high average emissions, and that they do reward 

facilities that have low average emissions. In the case of pulp and paper, however, the 
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heterogeneity of mills and mill operations may eliminate this argument: an extremely 

inefficient mill might still have low emissions if it relied largely on energy produced off-site.77   

Table 48. Plant-Level Allocations to the Finnish Pulp and Paper Sector 

Note:  The annual allowances listed in the second column are for the years 2008–2012. 
Source:  NERA calculations based on JPC data. 

                                                 
77 Of course, allocating to facilities based on emissions also may reward an inefficient plant over an efficient one. 

Plant
Plant 1 340.4 38.3 30.1 (-21%) 19.6 (-49%) 22.3 (-42%)
Plant 2 261.3 29.4 23.1 (-21%) 14.2 (-52%) 16.5 (-44%)
Plant 3 222.5 25.0 19.7 (-21%) 8.1 (-68%) 9.9 (-60%)
Plant 4 209.9 23.6 18.5 (-21%) 12.5 (-47%) 14.2 (-40%)
Plant 5 207.6 23.4 18.3 (-21%) 17.1 (-27%) 20.9 (-10%)
Plant 6 195.1 21.9 17.2 (-21%) 7.7 (-65%) 8.6 (-61%)
Plant 7 175.9 19.8 15.5 (-21%) 31.0 (57%) 31.3 (58%)
Plant 8 156.0 17.5 13.8 (-21%) 18.7 (7%) 19.3 (10%)
Plant 9 146.8 16.5 13.0 (-21%) 13.7 (-17%) 11.0 (-33%)
Plant 10 136.0 15.3 12.0 (-21%) 7.1 (-53%) 7.9 (-49%)
Plant 11 124.3 14.0 11.0 (-21%) 12.5 (-11%) 10.1 (-28%)
Plant 12 112.7 12.7 9.9 (-21%) 19.5 (54%) 20.5 (61%)
Plant 13 112.1 12.6 9.9 (-21%) 26.6 (111%) 26.5 (110%)
Plant 14 108.4 12.2 9.6 (-21%) 6.3 (-48%) 7.6 (-38%)
Plant 15 106.0 11.9 9.4 (-21%) 4.0 (-67%) 5.2 (-57%)
Plant 16 105.7 11.9 9.3 (-21%) 19.9 (68%) 16.4 (38%)
Plant 17 87.9 9.9 7.8 (-21%) 11.8 (20%) 12.5 (26%)
Plant 18 86.3 9.7 7.6 (-21%) 17.9 (84%) 18.4 (90%)
Plant 19 82.7 9.3 7.3 (-21%) 17.2 (84%) 19.6 (111%)
Plant 20 80.0 9.0 7.1 (-21%) 16.7 (85%) 18.8 (109%)
Plant 21 79.5 8.9 7.0 (-21%) 6.2 (-31%) 2.9 (-68%)
Plant 22 70.6 7.9 6.2 (-21%) 10.9 (37%) 8.0 (1%)
Plant 23 64.9 7.3 5.7 (-21%) 4.3 (-41%) 5.9 (-20%)
Plant 24 54.5 6.1 4.8 (-21%) 1.4 (-78%) 2.5 (-58%)
Plant 25 51.1 5.7 4.5 (-21%) 8.6 (50%) 3.9 (-32%)
Plant 26 47.7 5.4 4.2 (-21%) 9.4 (74%) 4.6 (-15%)
Plant 27 38.6 4.3 3.4 (-21%) 5.1 (19%) 2.2 (-50%)
Plant 28 33.9 3.8 3.0 (-21%) 17.2 (352%) 16.5 (333%)
Plant 29 33.4 3.8 2.9 (-21%) 12.1 (224%) 13.7 (264%)
Plant 30 33.1 3.7 2.9 (-21%) 3.3 (-11%) 1.6 (-56%)
Plant 31 25.9 2.9 2.3 (-21%) 2.1 (-29%) 2.0 (-30%)
Plant 32 18.1 2.0 1.6 (-21%) 1.0 (-52%) 1.4 (-32%)
Plant 33 16.6 1.9 1.5 (-21%) 1.0 (-45%) 1.6 (-16%)
Plant 34 13.7 1.5 1.2 (-21%) 6.8 (341%) 3.1 (101%)
Plant 35 9.6 1.1 0.8 (-21%) 1.5 (39%) 0.8 (-24%)
Plant 36 1.8 0.2 0.2 (-21%) 1.2 (490%) 1.4 (603%)
Plant 37 0.9 1.5
Plant 38 4.5 5.1
Plant 39 1.8 2.5
Plant 40 2.1 3.0
Plant 41 3.6 5.2
Plant 42 2.5 3.2
Plant 43 1.0 0.5
Total 3,651 410.6 322.4 (-21%) 410.6 (0%) 410.6 (0%)

Annual Allowances 
Under Emissions-

Based Grandfathering 
(thousand tons)

Present Value of 
Emissions-Based 
Grandfathering 

(€ millions) 

Present Value of Alternative Allocations
(€ millions) (% change)

Emissions-Based 
with Auction 

Phase-In

Production-Based 
Grandfathering 
(total tonnage)

Production-Based 
Grandfathering 
(by sub-product)
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4. Plant-Level Allocations to All Participating Sectors: Finland Case Study  

As noted in earlier chapters, since 1985 Finland’s Environment Administration has 

collected plant-level data on production, fuel use, heat input, and CO2 emissions.78 These data 

are collected for all facilities with CO2 emissions greater than 10 kilotons, and therefore 

provide a consistent framework for allocating to all sectors expected to participate in the 

emissions trading programme.  The consistent framework makes it possible to base the plant-

level allocations directly on the data. The emissions data include all emissions from fossil fuels, 

but omit emissions from biogenic sources.  The heat input data used for the second allocation 

do not omit heat derived from biogenic sources—the input-based example considered for 

Finland is therefore different from the one considered above for Spanish electricity generators. 

The resulting total sector allocations are shown in Table 48.79 

One interesting feature of the allocations presented here is that the pulp and paper sector 

receives a far greater number of allowances under the heat-input based mechanism. This is 

because of the inclusion of heat generated from biofuels.  This allocation mechanism might be 

used as a way to “reward” the pulp and paper sector for its historical reliance on “clean” fuels, 

without introducing the complications associated with an allocation based on indirect 

emissions. However, because the heat-input-based allocation does not make any allowances for 

process emissions from cement manufacture, the building materials industry would be 

adversely affected by this mechanism.  

Table 49. Plant-Level Allocations to Multiple Sectors in Finland 

Source:  NERA calculations based on VAHTI data. 
Note:  The annual allowances listed in the second column are for the years 2008–2012. 

                                                 
78 Since 1995, these data have been collected on a consistent and comprehensive basis and have included CO2.  
79 For reasons of confidentiality, the plant-level allocations we derived from the Finnish data cannot be made public.  

Sector
Finland Energy 18,684 2,102 1,650 (-21%) 1,667 (-21%)
Finland Building Materials 1,336 150 118 (-21%) 53 (-65%)
Finland Pulp and Paper 4,022 441 347 (-21%) 1,360 (208%)
Finland Other 8,710 349 274 (-21%) 211 (-39%)
Finland Trading Total 32,752 3,684 2,892 (-21%) 3,684 (0%)

Emissions-Based with 
Auction Phase-In

Present Value of Alternative Allocations     
(€ millions) (% change)

Annual Allowances 
Under Emissions-

Based Grandfathering 
(thousand tons)

Present Value of 
Emissions-Based 
Grandfathering 

(€ millions) 
Heat Input-Based 
Grandfathering
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C. Effect of Using Alternative Allocation Years 

To evaluate the likely difference between allocation years, we compared the allocations 

to individual Spanish power plants under eight different scenarios. Table 49 shows the average 

percentage change in the share of allowances allocated to individual plants compared to 

“Option 1,” which allocates to each facility based on its average annual electricity generation 

over the period 1995-1999. The difference between “Option 1” and the alternatives is shown as 

a percentage, which represents the absolute value of the percent change in the allocation 

received by each plant. If there were two plants, with one receiving 50 percent more allowances 

under the alternative than under Option 1, and the other receiving 50 percent fewer allowances, 

the table would show an average percent difference of 50%.  The magnitude of the percentage 

differences shown in the table indicates that the choice of the allocation year or years is likely 

to have a significant effect on plant-level allocations. 

Table 50. Comparison of Alternative Allocation Years: Average Change in Allocations 

Source: NERA calculations. 

D. Effects of Updating 

A full quantitative assessment of the effects of using an updating allocation mechanism 

would require a model of the European economy that incorporated the incentives created under 

updating.80 An assessment of the net effect on individual facilities also would require modelling 

that is beyond the scope of this study.  However, certain conclusions can be drawn about the 

effects of updating on a European CO2 trading programme by drawing on other sources.  

                                                 
80 Most existing analyses reducing emissions through trading have assumed grandfathering or auction. 

Baseline Option
Average Absolute Value % 

Change Compared to Option 1
1. 5 Year Average (1995-1999) -
2. 3 Year Average (1997-1999) 17%
3. Maximum over 5 Years (1995-1999) 40%
4. 1995 only 41%
5. 1996 only 31%
6. 1997 only 39%
7. 1998 only 23%
8. 1999 only 34%
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The Sectoral Objectives Study (2001a) observes that under the least-cost control 

scenario, electricity output in the EU is reduced by 1.5 percent from baseline levels. This 

reduction in output is a direct result of the higher costs and higher prices for electricity, which 

result in a lower demand for electricity. Under an updating mechanism, the price of electricity 

does not increase to the same degree as it does under auctioning or grandfathering.  As a result, 

the level of demand reduction is likely to be significantly less. Although a 1.5 percent reduction 

in electricity output relative to baseline may appear small, it is worth noting that with a fuel mix 

identical to the baseline case, a 1.5 percent reduction in generation would result in a 1.5 percent 

reduction in emissions.  Moreover, the Sectoral Objectives Study predicts that the electricity 

and heat sector reduces CO2 emissions by 13 percent from the 2010 baseline. Eliminating the 

demand-side emissions reduction measures entirely would mean that the sector would only 

reduce emissions by roughly 11.5 percent (13 percent – 1.5 percent).  The EU would have to 

achieve the additional required 1.5 percent reduction in some other way. This would amount to 

additional emissions controls of roughly 15 percent relative to a non-updating case. These 

reductions would be more expensive than any of the reductions that would be pursued under 

the least-cost, non-updating options.  

The Sectoral Objectives Study does not consider a scenario in which incentives are 

applied to output in the way that would be expected under an updating mechanism.  However, a 

recent study of emissions trading options in the United States (Burtraw et al. 2001) does 

compare the effects of such incentives to the results that would be achieved under an auction or 

grandfathering mechanism. Under a fully liberalised electricity market, the study finds that an 

updating mechanism causes electricity prices to fall by 3 percent. The U.S. study finds that 

under the least-cost option, electricity production drops by 1.8 percent—close to the reduction 

predicted for the EU by the Sectoral Objectives Study. Under an updating mechanism, the U.S. 

study finds that electricity production drops by less than 0.4 percent. The only way to reduce 

the emissions that result from the economically inefficient production of this additional 

electricity is to adopt more expensive control measures than would be necessary if consumption 

were allowed to fall. Overall the costs of the updating mechanism, measured in losses to 

consumer and producer surplus, were two to three times greater than the costs under auctioning 

or grandfathering. 
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X.  CONCLUDING REMARKS 

The proposed Directive provides for each Member State to develop a national allocation 

plan for each relevant period that states the total quantity of allowances it intends to allocate 

initially and the approach it proposes to use to allocate them. These plans are subject to review 

by the Commission, as described in the proposed Directive. The national allocation plans 

developed by the Member States are crucial elements of the EU GHG emissions trading 

programme, both to the trading participants and to the many segments of society that are 

affected by the allocation. As noted in this report, the choice from among the various allocation 

options   also can affect the efficiency of the overall trading programme, including its ability to 

achieve the promise of cost savings and avoid distortions in various product markets. 

This report provides information that Member States can use to develop their allocation 

programmes. This information includes reviews of experience with initial allocation in prior 

and contemplated cap-and-trade programmes, lists of efficiency and distribution criteria that 

could be used to judge alternative options, qualitative assessments of the major allocation 

alternatives and important modifications, and detailed quantitative analyses of representative 

available data—at the EU-level and for some Member States—to implement various 

approaches. Although some general results emerge from these analyses, it is clear that the 

allocation options chosen  should be tailored to the circumstances of each Member State. The 

need for tailoring is particularly evident with regard to data sources to implement various 

alternatives. Indeed, our analyses highlight the fact that no single set of data is applicable to 

facilities in all Member States, although the broad data sets that are available may well be 

useful to most Member States as elements of their individual empirical approaches. 

Our study suggests that several additional empirical analyses could be undertaken at the 

Member State level to provide a sound basis for developing national allocation plans. These 

additional analyses include the following: 

•  Development of plant-level data in the Member State. These data would include existing 
databases as well as the possibility of obtaining confidential (and verified) information 
from individual sources. 

•  Development of empirical assessments of potential inefficiencies in the Member State. 
We note the possibility that certain allocation options could lead in some circumstances 
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to various inefficiencies, including substantial increases in compliance costs relative to 
the minimum possible under a cap-and-trade programme. The most important issues 
concern the effects of distortions—including electricity regulation and taxation policy—
on compliance costs and product markets. These issues can be studied empirically to 
determine whether they are likely to be substantial in the circumstances of a particular 
Member State. 

•  Development of empirical estimates of “stranded costs” for producers in the Member 
State. We note that one of the arguments for grandfathering is to compensate producers 
for losses due to the cap-and-trade programme. Empirical estimates would be useful to 
assess the magnitudes of these losses for which producers might reasonably be 
compensated by the initial allocation. 

Development of a sound initial allocation methodology that encourages the cost-saving 

gains of a EU-wide emissions trading programme is an important objective for the Community 

and all Member States. It should be possible for Member States to develop methodologies that 

both preserve the cost-saving potential of trading and avoid serious adverse distributional 

impacts.
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APPENDIX A: POTENTIAL ALLOCATION MECHANISMS 

This appendix presents the seven allocation options considered in the report. The 

summaries are organised in the form of the tables used in Chapter III to describe existing 

allocation mechanisms.   

Table A-1. Option 1: Auction 

Year •  Programme to begin in 2005. 

Sources 
Included 

•  Major point sources of CO2 emissions, including heat and power generators, pulp and paper 
facilities, and cement manufacturers.  

•  Auction could be limited only to these sectors, or could be economy-wide. 
Cap •  EU-wide reduction of CO2 emissions to 92 percent of 1990 levels. 

Allocation 
Type •  Auction 

Metric •  None 
Allocation 

Years •  None 

Description 

•  Allowances would be auctioned to highest bidders in participating sectors, with auction 
design to be determined.  

•  Auction revenues to be refunded by Member States to bidders.  
•  Member States could recycle auction revenue as desired, using a wide range of rebating 

options.   

Formula •  None 
Recipients & 

Set Asides •  Recipients are winning bidders. 

Future 
Changes •  None  

 

For most remaining mechanisms, the Year, Sources Included, and Cap sections of the 

tables are omitted, since they do not change.  Set-asides are possible for all mechanisms, but 

are not included in any of the remaining options. 
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Table A-2. Option 2: Grandfathering (Emissions) 
Allocation 

Type •  Grandfather 

Metric •  Emissions 
Allocation 

Years •  Average or peak emissions, depending on Member State availability (e.g. 1995-2000). 

Description 
•  Member State totals based on Burden-Sharing agreement. 
•  Within Member States, allowances are allocated to facilities proportionate to their calculated 

(or measured) emissions of CO2 during the allocation period. 

Formula •  

∑
=

2000)-(1995 Emissions StateMember 
2000)-(1995 EmissionsPlant 

  * Total StateMember     AllocationPlant  

Recipients & 
Set Asides •  Recipients are regulated sources. 

Future 
Changes •  None  

 

Table A-3. Option 3: Grandfathering (Input) 
Allocation 

Type •  Grandfather  

Metric •  Input 
Allocation 

Years 
•  Average or peak energy and process input by sector, depending on Member State 

availability (e.g. 1995-2000). 

Description 

•  Member States totals based on Burden-Sharing agreement. 
•  Allowances would be allocated to each sector based on some metric, possibly emissions.  
•  Within each sector, allowances would be allocated to facilities according to their input of 

CO2 associated factors: 
� Power and heat: allocation would be proportional to heat input. 
� Cement: allocation would be proportional to heat input and possibly clinker content. 
� Paper and pulp: allocation would be proportional to energy input and possibly some 

process components.  

Formula •  

∑
=

2000)-(1995Input Sector  StateMember 

CapSector  StateMember 
  * 2000)-(1995Input     Allocation  

Recipients & 
Set Asides •  Recipients are regulated sources. 

Future 
Changes •  None  
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Table A-4. Option 4: Grandfathering (Production) 
Allocation 

Type •  Grandfather 

Metric •  Production 
Allocation 

Years •  Average or peak production by sector, depending on MS availability (e.g. 1995-2000). 

Description 

•  Member States totals based on Burden-Sharing agreement. 
•  Allowances would be allocated to each sector based on some metric, possibly emissions. 
•  Within each sector, allowances would be allocated to facilities according to their production 

of a particular good or goods during the allocation period. 
� Power and heat: allocation would be proportional to the sum of electricity generation 

and heat generation multiplied by weighting factors to be determined. 
� Cement: allocation would be proportional to production of either cement or clinker. 
� Paper and pulp: allocation metric uncertain. 

Formula •  

∑
=

2000)-(1995 ProductionSector  StateMember 
CapSector  StateMember 

  * 2000)-(1995 Production    Allocation  

Recipients & 
Set Asides •  Recipients are regulated sources. 

Future 
Changes •  None  

 

Table A-5. Option 5: Updating  
Allocation 

Type •  Updating  

Metric •  Production (or heat input or emissions) 
Allocation 

Years 
•  Average production (or heat input or emissions) by sector, depending on Member State 

availability (e.g. previous two years). 

Description 

•  Member States totals based on Burden-Sharing agreement. 
•  Allowances would then be allocated to each sector based on some metric, possibly 

emissions.  Updating the relative proportion of allocations received by each sectors could be 
based on sector-wide emissions.  

•  Within each sector, allowances would be allocated to facilities according to their production 
of a particular good or goods during the allocation period. 
� Power and heat: allocation would be proportional to electricity generation plus a scaling 

factor multiplied by heat generation. 
� Cement: allocation would be proportional to production of either cement or clinker. 
� Paper and pulp: allocation metric uncertain. 

Formula •  

∑
=

Years 2Past   ProductionSector  StateMember 

CapSector  StateMember 
  *Years 2Past   Production   Allocation  

Recipients & 
Set Asides 

•  Recipients are regulated sources. 
•  New sources receive allowances based on production.  

Future 
Changes •  None  
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Table A-6. Option 6: Grandfathering (Indirect Emissions) 
Allocation 

Type •  Grandfather 

Metric •  Indirect Emissions, Direct Emissions 
Allocation 

Years 
•  Average direct plus indirect emissions or peak direct plus indirect emissions, depending on 

Member State availability, (e.g. 1995-2000). 

Description 

•  Member State totals based on Burden Sharing Agreement.  
•  Allowances would then be allocated to each sector, with energy-intensive industries 

receiving an amount proportional to their direct and indirect emissions and power producers 
receiving whatever is left over after indirect emissions have been deducted from their total 
direct emissions.  

•  Within each “energy-intensive” sector, allowances would be allocated to facilities according 
to the direct and indirect emissions for which they are responsible: 
� Cement: allocation would be proportional to direct emissions plus country-average 

emissions resulting from purchased electricity (and heat).  
� Paper and pulp: allocation would be proportional to direct emissions plus country-

average emissions resulting from purchased electricity (and heat).  

•  Allowances would be allocated to the heat and power sector in proportion to direct 
emissions from that sector, after deducting all emissions deemed to arise from sectors 
identified as “energy-intensive.” 
� Power and heat: unit-level allocation would be proportional to direct emissions, adjusted 

to reflect reduced overall sectoral allocation. 

Formula •  

∑

+
=

2000)-(1995 Emissions

2000)-(1995 EmissionsIndirect Direct
  *Total MS   Allocation IntensiveEnergy  

Recipients & 
Set Asides •  Recipients are regulated sources. 

Future 
Changes •  None  



 
 Appendix A: Potential Allocation Mechanisms 161  
 

 n/e/r/a 
Consulting Economists 

 

Table A-7. Option 7: Grandfathering with Auction Phase-In 
Allocation 

Type •  Grandfather, Auction 

Metric •  Emissions 
Allocation 

Years •  Average or peak emissions, depending on Member State availability (e.g. 1995-2000). 

Description 

•  Member State totals based on Burden-Sharing agreement. 
•  10 percent of allowances set aside for auction in the first year, 20 percent in the second year, 

30 percent in the third year, etc. 
•  Within Member States, allowances are allocated to facilities proportionate to their calculated 

(or measured) emissions of CO2 during the allocation period. 
•  Proceeds of auction would be refunded to reduce distorting taxes and employment effects or 

directly back to sectors. 

Formula •  

∑
=

2000)-(1995 Emissions StateMember 
2000)-(1995 EmissionsPlant 

  *Total StateMember Net   AllocationPlant  

Recipients & 
Set Asides 

•  Recipients are regulated sources and winning bidders. 
•  No set asides.  

Future 
Changes •  10 percentage point increase in auctioned allowances each year.  
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APPENDIX B: EVALUATIONS OF PROSPECTIVE ALTERNATIVES  

This appendix evaluates the allocation options defined in Chapter V on the basis of the 

criteria outlined in Chapter III. The characteristics of each allocation option are presented in 

tabular form, based on the major evaluation criteria.  

Table B-1. Evaluation, Option 1:  Auction 

Efficiency Criteria  
Compliance Costs •  Minimised for a given total emissions cap. 

Administrative Costs 
•  No data collection or initial allocation costs. 
•  Auction design and development require annual expenditures. 

Transaction Costs •  Limited. However, participants may be concerned about revealing sensitive information 
through bidding – auction design must protect participants. 

Product Market 
Distortions •  None 

Tax Distortions •  Recycling of auction revenues allows the reduction of distortionary revenue-raising 
instruments, increasing overall efficiency and improving total welfare.  

Distributional Effects  

Sector Burden 

•  Auction has the worst consequences for regulated sectors. 
•  Sectors with high average emissions rates per unit of value added would be hardest hit. 
•  Revenue recycling can be targeted to ease burden on regulated sectors. 
•  Revenue can also be recycled to industries not required to hold allowances, e.g. coal suppliers. 
•  Firms with higher average emissions rates per unit of value added will be hardest hit. 

Stranded Costs •  Existing firms face stranded costs of investments made under prior regulatory regime. 
Consumer/Labour 

Effects 
•  Revenue recycling can be targeted to ease burden on consumers or labour in affected 

sectors. 
Taxpayer Effects •  Taxpayers can benefit if auction revenues are recycled to reduce other taxes. 

Rewards for Early 
Action •  Early emissions reductions are rewarded through lower auction payments 
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Table B-2. Evaluation, Option 2:  Grandfathering (Direct Emissions) 

Efficiency Criteria  

Compliance Costs 
•  Minimised for a given total emissions cap—same as auction. 
•  Costs may be higher if existing regulatory distortions are not accounted for.  

Administrative Costs 

•  Initial costs of data collection and allocation administration.  
•  Costs may vary with number of allocation years included.  
•  Emissions in many Member States have not been measured—will require methodology for 

calculating emissions based on measured quantities. 
Transaction Costs •  Limited—secondary allowance market should reduce search costs significantly. 
Product Market 

Distortions •  None 

Tax Distortions •  No effects—existing tax distortions remain. 
Distributional Effects  

Sector Burden 
•  Sectors (and firms) with historically high emissions will fare better, all else being equal. 
•  Fast-growing sectors may be hit harder than sectors with slow growth because allocation is 

tied to historical emissions. 
Stranded Costs •  Existing firms protected from stranded costs through grandfathering. 

Consumer/Labour 
Effects 

•  Effects on consumers and labour force depend on cost pass-through and pass-back. 
•  No direct benefit from grandfathering to consumers or labour force.  

Taxpayer Effects •  No benefit to taxpayers. 
Rewards for Early 

Action •  Early emissions reductions are rewarded if the allocation year predates the control measure. 

Other Considerations •  Supplier sectors that are not covered by the trading programme (e.g. coal) can be allocated 
allowances to sell back to regulated sectors.  
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 Table B-3. Evaluation, Option 3:  Grandfathering (Input) 

Efficiency Criteria  

Compliance Costs •  Minimised for a given total emissions cap—same as auction and other grandfathering 
mechanisms. 

Administrative Costs 
•  Initial costs of data collection and allocation administration.  
•  Costs may vary with number of allocation years included.  
•  Some inputs are measured; others may have to be calculated from production data. 

Transaction Costs •  Limited—secondary allowance market should reduce search costs significantly. 
Product Market 

Distortions •  None 

Tax Distortions •  No effects—existing tax distortions remain. 
Distributional Effects  

Sector Burden 

•  Sectors (and firms) with historically low efficiency will do better under this allocation 
mechanism than under production-based grandfathering.  

•  Sectors (and firms) with low emissions rates will do better under this mechanism than under 
emissions-based grandfathering. 

•  Fast-growing sectors (or firms) may be hit harder than sectors with slow growth because 
allocation is tied to historical input levels. 

Stranded Costs •  Existing firms are protected from stranded costs through grandfathering. 

Consumer/Labour 
Effects 

•  Effects on consumers and labour force depend on cost pass-through and pass-back. 
•  No direct benefit from grandfathering to consumers or labour force.  

Taxpayer Effects •  No benefit to taxpayers. 
Rewards for Early 

Action •  Early emissions reductions are rewarded if the allocation year predates the control measure. 

Other Considerations •  Supplier sectors that are not covered by the trading programme (e.g. coal) can be allocated 
allowances to sell back to regulated sectors. 
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 Table B-4. Evaluation, Option 4:  Grandfathering (Production) 

Efficiency Criteria  

Compliance Costs •  Minimised for a given total emissions cap—same as auction and other grandfathering 
mechanisms. 

Administrative Costs 
•  Initial costs of data collection and allocation administration.  
•  Costs may vary with number of allocation years included.  
•  Production is typically measured, so data should exist. However, they may be confidential. 

Transaction Costs •  Limited—secondary allowance market should reduce search costs significantly. 
Product Market 

Distortions •  None 

Tax Distortions •  No effects—existing tax distortions remain. 
Distributional Effects  

Sector Burden 

•  Firms with historically high energy efficiency and low average emissions will do better 
under this allocation mechanism than under emissions-based grandfathering. 

•  Fast-growing sectors may be hit harder than sectors with slow growth because allocation is 
tied to historical production levels. 

Stranded Costs •  Existing firms are protected from stranded costs through grandfathering. 

Consumer/Labour 
Effects 

•  Effects on consumers and labour force depend on cost pass-through and pass-back. 
•  No direct benefit from grandfathering to consumers or labour force.  

Taxpayer Effects •  No benefit to taxpayers. 
Rewards for Early 

Action •  Early emissions reductions are rewarded if the allocation year predates the control measure. 

Other Considerations •  Supplier sectors that are not covered by the trading programme (e.g. coal) can be allocated 
allowances to sell back to regulated sectors.   
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Table B-5. Evaluation, Option 5:  Updating (Production or Input) 

Efficiency Criteria  

Compliance Costs •  Higher than under auction or grandfathering—firms over-produce and therefore require 
more expensive emission controls to achieve target. 

Administrative Costs 

•  Initial costs of data collection and allocation administration.  
•  Costs may vary with number of allocation years included.  
•  Production and inputs are typically measured, so data should exist. However, they may be 

confidential. 
•  In addition to initial costs, updating requires annual data collection and administration 

expenditures. 
Transaction Costs •  Limited—secondary allowance market should reduce search costs significantly. 

Product Market 
Distortions 

•  Updating mechanism distorts the market for the factor(s) used as the allocation metric. 
Updating creates incentives that encourage over-production or -consumption of the 
allocation metric good. 

Tax Distortions •  Existing tax distortions remain, and may be exacerbated by the additional distortions. 
Distributional Effects  

Sector Burden 

•  Effect on sectors depends on the extent to which updating is adopted across the EU.  
•  Initial allocation to sectors depends on the sectoral allocation metric used. If the metric is 

emissions, the first sectoral allocation would be the same as under production-based 
grandfathering. 

•  Fast-growing sectors could receive greater allocations (subject to total cap) in future years. 

Stranded Costs 
•  Existing firms protected to some degree from stranded costs. 
•  Reduced price effects caused by updating may reduce the equity value of firms’ assets.  

Consumer/Labour 
Effects 

•  Product prices will not rise as much as they do under auctioning or grandfathering, assuming 
that updating is implemented across the EU. 

•  Negative effects on sectoral employment may be smaller than under auctioning or 
grandfathering. Precise effect on labour force depends on the role of labour in the 
production process. 

Taxpayer Effects •  No benefit to taxpayers. 
Rewards for Early 

Action •  Early emissions reductions are not rewarded and actually may be penalised. 

Other Considerations •  Supplier sectors that are not covered by the trading programme (e.g. coal) could be allocated 
allowances to sell back to regulated sectors.   
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Table B-6. Evaluation, Option 6:  Grandfathering (Direct plus Indirect Emissions) 

Efficiency Criteria  

Compliance Costs •  Minimised for a given total emissions cap—same as auction and other grandfathering 
mechanisms, unless allocation is linked to accountability. 

Administrative Costs 

•  Initial costs of data collection and allocation administration.  
•  Costs may vary with number of allocation years included.  
•  Emissions in many Member States have not been measured—will require methodology for 

calculating emissions based on measured quantities. 
•  Additional costs associated with determination of appropriate indirect emissions to add to 

certain facilities and deduct from others. 
Transaction Costs •  Limited—secondary allowance market should reduce search costs significantly. 
Product Market 

Distortions •  None unless allocation is linked to accountability. 

Tax Distortions •  No effects—existing tax distortions remain. 
Distributional Effects  

Sector Burden 

•  Sectors with historically high emissions will fare better, all else being equal.  
•  Fast-growing sectors may be hit harder than sectors with slow growth because allocation is 

tied to historical emissions. 
•  Electricity generators receive smaller windfall.  
•  Energy-intensive sectors receive larger windfall. 

Stranded Costs •  Existing firms are protected from stranded costs through grandfathering. 

Consumer/Labour 
Effects 

•  Effects on consumers and labour force depend on cost pass-through and pass-back.  
•  No direct benefit from grandfathering to consumers or labour force.  

Taxpayer Effects •  No benefit to taxpayers. 

Rewards for Early 
Action 

•  Early emissions reductions are rewarded if the allocation year predates the control measure.   
•  Early action by electricity and heat generators is rewarded less than under direct emissions 

grandfathering. 
•  Early reductions in electricity and heat consumption are rewarded more than under direct 

emissions grandfathering.  

Other Considerations •  Supplier sectors that are not covered by the trading programme (e.g. coal) can be allocated 
allowances to sell back to regulated sectors.  
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Table B-7. Evaluation, Option 7:  Grandfathering with Auction Phase-In 

Efficiency Criteria  
Compliance Costs •  Minimised for a given total emissions cap—same as pure auction or grandfathering. 

Administrative Costs 

•  Initial costs of data collection and allocation administration.  
•  Auction design and development require annual expenditures. 
•  Costs may vary with number of allocation years included.  
•  Emissions have not been measured – will require methodology for calculating emissions 

based on measured quantities. 

Transaction Costs 
•  Limited—secondary allowance market should reduce search costs significantly. 
•  Participants may be concerned about revealing sensitive information through bidding— 

auction design must protect participants. 
Product Market 

Distortions •  None 

Tax Distortions 
•  Recycling of auction revenues allows the reduction of distortionary revenue-raising 

instruments, initially to a lesser degree than under full auction, but eventually by the same 
amount.  

Distributional Effects  

Sector Burden 

•  Sectors with historically high emissions will fare better initially, all else being equal.  
•  Fast-growing sectors may be hit harder than sectors with slow growth because allocation is 

tied to historical emissions. 
•  In later years, sectors face higher total costs relative to grandfathering. 
•  In later years, revenue recycling can be targeted to ease burden on regulated sectors. 
•  In later years, revenue can also be recycled to industries not required to hold allowances, e.g. 

coal suppliers. 
Stranded Costs •  Existing firms initially protected from stranded costs through partial grandfathering. 

Consumer/Labour 
Effects 

•  Effects on consumers and Labour force depend on cost pass-through and pass-back. 
•  In later years, revenue recycling can be targeted to ease burden on consumers. 

Taxpayer Effects •  Taxpayers can benefit if auction revenues are recycled to reduce other taxes. 
Rewards for Early 

Action 
•  Early emissions reductions are rewarded through lower auction payments and if allocation 

years predate control measures. 

Other Considerations •  In early years, allowances can also be allocated to sectors that are not required to hold them, 
e.g. coal suppliers. 
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