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Executive Summary

Scope of study and background on benchmarks

The scope of the current study is research aimed at assessing the feasibility and limitations of
using “benchmarks” to allocate emission allowances to incumbents for the second phase of the
EU Emissions Trading Scheme. The study aims to assess the technical feasibility of
benchmarking approaches in light of existing data and then to compare alternative
benchmarking formulas along various criteria, in a qualitative manner.

Within the activities carried out for Phase 1 of the EU ETS in the UK, standardised benchmarks
were developed for the calculation of allowances to new entrants. The UK Government has
commissioned Entec/NERA to explore further these benchmarks developed for Phase 1. It is
important to note that no policy decisions have been taken on the allocation methodology to
incumbents or the treatment of new entrants in the second phase of the EU ETS. As noted
below, the treatment of new entrants in Phase 2 of the EU ETS in the UK affects the evaluation
of alternative benchmarking approaches for incumbents. This study aims merely to assess the
feasibility and limitations of a benchmarked approach to allocation in the second phase of the
EU ETS as part of the preparations for Phase 2.

It should also be emphasised that a tight time schedule for the current project has limited the
scope for detailed analysis on all industries covered by EU ETS and for the extent of informal
industry consultations. Thus, the precise benchmarking values should be viewed as illustrative
of the types of values that could be developed rather than as specific proposed values.
Furthermore, any quantitative analysis in this report should be regarded only as indicative due to
inherent complexities and uncertainties as well as some limitations in data availability within
the time schedule of this study.

In general, the term “benchmark” refers to a common standard that allows different cases to be
compared. In the context of the EU ETS, “benchmarking” refers to the use of a common
emission factor (or related factor, such as an energy efficiency factor) to determine emission
allocations. For example, one simple benchmarking formula would be to develop an emission
factor (e.g., emissions per unit of output or input) for each sector and then use this set of
emission factors, along with information on the output/input of each facility, to develop
allowance allocations for all participating facilities. The benchmarking approach can be
contrasted to an approach that allocates based exclusively on historical emissions data. Under
such an emissions-based approach, often referred to as “emissions grandfathering” approach,
facilities would receive allocations based upon their emissions, rather than on the basis of their
output or input plus some emission rate or “benchmark.” '

" The term “grandfathering” in this context refers to the use of historical information to determine
allocations. We use the term exclusively to refer to allocation approaches that rely only on historical
information, as opposed to approaches where “updated” information is used. In principle, a
benchmarking method could involve either grandfathering or updating—allocations based on historical
output shares are a form of output-based grandfathering and are also a form of benchmarking, whereas
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There are many alternatives for developing allocation approaches that involve benchmarking.
Some of the choices include:

Input, output or capacity benchmark. The benchmark emission rate can be defined
as emissions per unit input or emission per unit output. It is also possible to define
a benchmark in terms of capacity, often in conjunction with assumed utilisation
rates.

- Output measure. For some sectors, different output measures are feasible.

- Energy efficiency. Efficiency can also serve as a benchmark, since it describes
the rate at which useful energy is extracted from an energy source, or the energy
consumption per unit of output.

Basis for benchmark rate. The benchmark rate can be set on the basis of various
criteria, including the “best” technology available, the industry average, or some
projected level.

Subsector categories. A benchmark rate can be differentiated for multiple
subsectors or other categories within a sector. Categories can be defined in
different ways (e.g., fuel use, technology).

Historical, projected or updated activity. The activity (e.g., output, input) used in
the benchmark formula for each facility can be determined in various ways
including historical (e.g., 2002-2004 used for 2008), projected (e.g., projected 2008
value as of 2005 used for 2008), or updated (e.g., 2008 value used for 2012).

allocations based on updated output shares are a form of updated benchmarking. As we use the terms,
however, grandfathering approaches can never involve updating.
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Figure 1 Use of benchmarks in allocation schemes for emission allowances in the EU ETS

Figure 1 illustrates some generic types of benchmarks based upon various choices along these
various dimensions. The benchmarking methodology developed by FES for new entrants under
Phase 1 of the EU ETS (hereafter referred to as the FES methodology or NER methodology) is
shown in this figure. Because the benchmarks were developed for new entrants where the output
cannot be measured or compared to historical activity, the NER approach is a “fully
standardised” approach where output is projected by the capacity and average industry load
factor (Type 1 benchmark in Figure 1). For the existing installations considered in the current
study, we consider the appropriateness of using such a “standardised” approach. If the load
factors of installations within a sector vary significantly, the use of a standardised, sector-
average load factor may be less appropriate because it could create significant differences
between allocations and “need”. In such cases, it may be better to make use of site-specific load
factor information where this is available. This corresponds to a “Type 2” benchmarking
approach in Figure 1.

The current study also investigates benchmarked allocations that are based on inputs. Typically
these inputs are energy inputs, but they may refer to other raw materials. We refer to these as
“Type 3” benchmarks. Finally, for most sectors it is also possible to develop an allocation
approach that uses a site’s historical emissions, adjusted by a benchmarked “scaling factor,” to
determine the site’s future allocation. We classify this type of approach as one that uses a
“Type 4” benchmark. The benchmark is typically an energy-efficiency ratio that relates the
site’s energy efficiency to some target level—this approach is therefore related to output-based
approaches, insofar as the efficiency targets are defined in terms of specific energy consumption
per unit output. This last approach to allocation is similar to the one that has been used in the
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UK to allocate to sectors covered by Climate Change Agreements, and it has also been used by
the Dutch to allocate to individual installations in Phase 1 of the EU ETS.

A number of arguments have been offered as reasons for considering a benchmarking allocation
approach. These include arguments appealing both to distributional equity and to the efficiency
and cost-effectiveness of the trading scheme. Benchmarking provides an alternative to granting
allowances to sites with historically high emissions, and therefore avoids penalising early action
to reduce emissions. Benchmarks can also be used as a way of balancing burdens among
different sectors—for example, by setting all sector targets at the same level relative to best
practice. Benchmarking also can provide a way of harmonising allocation approaches among
Member States. Finally in some cases use of benchmarks can reduce the distortion of incentives
away from the cost-minimising abatement choices. Such distortions can occur under a trading
scheme where—for whatever reason—allocations are updated to reflect recent activity,
including allocations to new entrants and surrender of allocations by closed sites.

When considering alternative benchmarks for use under the EU ETS, it is very important to bear
in mind the restrictions that have been placed on allocation approaches by the European
Commission. In particular, all allowances must be allocated to covered installations in advance
of the period in which they will be used, and allocations cannot subsequently be changed within
a period. As a consequence, some of the simpler forms of benchmarking, which use actual
current activity levels to determine emissions allocations, cannot be used.

It is also important to note that the current report is rot concerned with the level of the “cap” to
be set by the UK under Phase 2 of the EU ETS. Nor is it within the scope of this report to
consider the overall sector-level allocations under Phase 2. Indeed, even where specific
parameter values are identified as potential benchmarks, these values need not determine the
overall sector allocation, because the sector allocations and total allocation may be “scaled” up
or down to match whatever totals are ultimately set by government.

Because we do not consider the overall or sector level allocations, we also do not evaluate in
detail the options for effecting a “transition” from one allocation regime to another. One
example of such a transition would be to phase in gradually a set of benchmarking allocation
approaches, starting from a site’s Phase 1 allocations (the majority of which are determined by
emission grandfathering). Under such an approach, for example, a site could receive its Phase 1
allocation in 2008, and a “fully benchmarked” allocation in 2012, with the allocation decreased
or increased each year within this period to allow a transition. Figure 2 illustrates how this
approach could look schematically for a number of sites. By 2012, all sites receive allocations
based on a single specific energy parameter value. Any number of similar transitions would be
possible, over shorter or longer time periods. When considering benchmarking approaches, it is
important to keep in mind the possibility of such transitions, as well as the possibility of
“scaling” the total sector allocation to match some externally determined “cap”.
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Figure 2 lllustration of transition from emission based (grandfathering) approach in 2008
towards a benchmark-based allocation in 2012

Allocationin 2008 Allocationin 2012
R SE—— basedon . ________ based on _
"grandfathering” benchmarking

Annual allocation of CO2
allowances per unit of output

2008 2009 2010 2011 2012
Year

Development of specific illustrative benchmarks

The activities included in the EU ETS have been divided into the following sectors for the
purpose of the current analysis of benchmarking approaches:

*  Combustion

e Petroleum Refineries

* Iron & Steel

* On-shore gas distribution
* Off-shore Oil and Gas

e Pulp and Paper

* Ceramics

* Cement and lime

* Aluminium and

* (Glass.

As the combustion sector includes a wide range of activities, it has been divided further into
sectors corresponding to the Electricity Supply Industry, CHP and “Other combustion”. This
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division implies that “Other combustion” includes the current EU ETS installations covered
under the Phase 1 NAP by Chemicals, Food & Drink, Engineering and Vehicles and Services
sectors.

Sector disaggregation

In developing feasible illustrative benchmarks, the first key issue that has been investigated
concerns the possible disaggregation or categorisation of the sites within each of these sectors to
create sub-sectors. Sectors can be disaggregated by type of product, by fuel, by process or by
technology. Use of an output-based benchmark requires that output be homogeneous. Our
assessment indicates that for an output based benchmark approach to be feasible, disaggregation
by product is necessary in the following sectors:

e [Iron & steel (primary and secondary);

* Glass (container glass, flat glass, mineral wool and special glass);

e Ceramics (bricks, tiles, refractory and others);

» Paper (further work needed to determine the specific product disaggregation); and
* Lime (further work needed to determine the specific product disaggregation).

For the following sectors, the number of individual products is so large it has been assessed as
prohibitive for output based benchmarks to be developed:

¢ Chemicals;

¢ Petroleum Refineries;

¢ Food and drink;

* Engineering and vehicles; and
* Services and other combustion.

For the rest of sectors: Electricity, Cement, On-shore gas distribution, Offshore, Oil and gas and
Aluminium disaggregation by product would not be needed to use an output-based benchmark.

Where input-based benchmarks are used there may be less call for sector disaggregation,
particularly if the input used is expressed in terms of energy.
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Table 1 Variation in emissions by process/technology at incumbent installations

Sector

Degree of variation in Comments
emissions, energy

consumption or efficiency

by process/technology

Electricity generation

Other combustion

CHP

Iron & steel (primary)

Iron & steel (secondary)

Refineries

On-shore gas

Off-shore oil and gas

Pulp and paper

Ceramics products

Cement

Glass

Aluminium

Lime

High The most efficient installations may be 60% more
efficient than the least efficient. There is up to 50%
variations in the fuel emissions factors

Medium A range of gas, oil and coal boilers and gas turbines
are used
Medium Most industrial CHP sites are small, but some are very

large, and size influences efficiency.

Low The production emission factor for the three UK plants
varies by 12%

High There is a wide variation in the production emission
factor as determined by the type of steel being made.

Medium The Solomon Energy Intensity Index (Ell) includes the
relevant factors to account for variation in process
efficiency and refinery complexity

Medium The sector uses a standard technology but the
emission factor of the turbines can differ by 50% of
each other

High The sector uses a wide range of turbines and

compressors some of which are 20 — 30 years old.

High Specific Energy Consumption for some processes
varies by 13% but for other processes by 300% The
fossil fuel SEC is also dependent on the proportion of
energy supplied through CHP. The variation between
processes is about 200%

High Variation across ceramics sub-sectors and across the
product range is high. However, variation within
specific products and processes in the Brick
Manufacturing sub-sector is low.

High The specific energy consumption figure for wet kilns is
twice that for a dry kiln.

High Variation within Container glass sub-sector is 30%
Across the sector is over 100%

Low Only one power plant in the aluminium sector is
included in the current NAP. If other GHG emissions
from the aluminium sector were included in the EU
ETS then there would be small (but not insignificant)
variations in efficiency between plants.

High The specific energy consumption for a grate preheater
rotary kiln producing dead-burned dolomite can be up
to 290% greater than a parallel flow regenerative kiln
depending on product.
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Activity measures for benchmarks incorporating capacity (Load factor selection)

Use of site-specific activity information—rather than uniform load factors applied to capacity
information—would contribute to meeting the criteria that sites receive allocations based upon
“need,” particularly if sites within a sector or subsector differ considerably in their load factors.
As noted above, the rules governing allocation under the EU ETS do not permit allocations to
be based on current activity levels, so any output-based approaches must be based on either
historical output (i.e., output prior to the year for which the allocation applied) or output
projections. The NER approach uses standardised industry-specific load factors as a proxy for
future activity levels. For new entrants where there is no existing information this is a
reasonable approach, however for incumbents, it may be less appropriate (as discussed below).

By assessing a sample of individual sites within each sector or industry, the degree of variation
in load factors has been estimated. For some sectors, the data has only allowed for an expert
estimate of the variations.

Table 2 Variation in load factor or utilisation across sites within each industry (and each

product type)

Sector Degree of variation in load Comments

factor by industry and
output

Electricity generation High There is high degree of variation even within plants
that serve base load.

Other combustion High There is high degree of variation in load factor within
each of the industries such as food & drink and
service.

CHP High There is high degree of variation in load factor within
each of the industries such as food & drink and
service.

Iron & steel (primary) Medium It is difficult to define the capacity of the integrated

sites; however, the production data shows variations
of 15% year to year.

Iron & steel (secondary) High The production data shows variations in fuel use of up
to 50% year to year depending upon the site

Refineries Low The Solomon energy intensity index includes the
relevant factors to account for refinery throughput.
Load factors are generally high with limited variation.

On-shore gas High Analysis of the historic emissions shows that the
utilisation of the capacity varies from 5% to 65%. ltis
expected that the load will vary by a similar degree.

Off-shore oil and gas High The utilisation of the installed capacity can vary in the
range 10 - 100%. The variation in load factors is
expected to be high.

Pulp and paper Medium Load factor varies by product but analysis of historic
data shows over 65% of sites with variation in annual
emissions of less than 10%.

Ceramics products High Load factor is product specific due to variations in kiln
residence times determined by the raw materials
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Sector Degree of variation in load Comments
factor by industry and
output
Cement Low The kilns are operated at a high load, in excess of

100% of rated “capacity”. There is little variation in
load due to type of product and nature of process.

Glass High Within container glass sub-sector, historical variation
in emissions varies by less than 5% Across the
sector as a whole the variation is considerable.

Aluminium Low Only one power plant in the aluminium sector is
included in the current NAP. If other GHG emissions
from the aluminium sector were included in the EU
ETS then there would be small (but not insignificant)
variations in load factors between plants.

Lime High Unlike cement, variation in utilisation depends on
which markets are supplied by individual sites. Lime
products serve very distinct end users. A key factor is
whether sites supply the steel industry which has
experienced significant increases in demand recently.

The table presents assessments of the site-by-site variations, which are important for the
feasibility of a fully standardised approach. The load factor can also vary year-by-year. In
principle such year-by-year variations could be the result of general market conditions and all
installations would experience the same pattern in year-by-year change. However, for some
industries a large variation year-by-year has been used as an indication of variation also across
sites, i.e. that sites do not operate at the same average level.

If output is estimated using standardised load factors applied to site capacities, then in sectors
where there is high variation in load or utilisation, the allocation approach would reward
installations with high excess capacity by giving them higher allocations than they would need.
It would also penalise sites with higher than average utilisation by giving them less than they
would need. Whether this is acceptable is likely to depend on the degree of deviation from site
need, and this is one of the evaluation criteria that must be weighed when evaluating allocation
approaches. It should be stressed that in many sectors some level of excess capacity is required,
for example in the power sector and others where there is large difference between average
utilisation and peak load. This does not change the main argument that standardised load factors
will reward those that have much more capacity than peak load requires compared to those with
the “right” level of excess capacity.

Generally, products that are manufactured in large quantities will typically be produced in
processes that run continuously and therefore have relatively high constant load factors. Still,
the variation is often more than 30% across sites.

If site-specific load factors or site-specific output measures are desired, it may be more feasible
to use historical information than to attempt to project future activity for each site. It is likely to
be difficult to project individual site activity, so if this is the desired approach to allocation the
best proxy for future activity may be site-specific historical data. The analysis of the emissions
for the period 1998 to 2003 for the about 1000 sites included in the EU ETS Phase 1 indicates
that only a small share of the sites have experienced a clear trend either increasing or decreasing
emissions in that period, so use of a period average seems unlikely to miss out underlying
trends.
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Still, using historical data could be challenging in cases where systematic changes within a
given industry cannot be ruled out, especially considering that the most recent historical data
that can be used are for year 2004 and Phase 2 extends all the way to 2012.

Emission factors for benchmarks

As discussed above, the benchmarking factor or factors used to calculate emissions can be
expressed as emissions per unit output or as emissions per unit energy (possibly multiplied by a
specific energy consumption factor). A CO, emission benchmark for a combustion activity can
always be expressed as an energy consumption benchmark (typically specific energy
consumption, or alternatively some form of energy efficiency measure) times a fuel emission
factor (or emissions per unit of energy). If there are process emissions not necessarily linked to
fuel, then an output benchmark would need to be expressed as CO, emissions per unit of output

In setting the actual benchmark values for a CO, emission benchmark, a key question is the
basis for the value. Technical information can be used to identify two potential bases:

* Best Available Technique (BAT)/Best practice; or
* Among best x% in Europe/World.

For the purpose of this report, BAT is taken as a general concept, rather than being the specific
regulatory interpretation of BAT under the IPPC Directive. Under the IPPC Directive each
covered installation should apply BAT to improve environmental performance, with the choice
of BAT taking into account the technical characteristics of the installation, its geographic
location and local environment conditions. Under the IPPC Directive, therefore, BAT is not a
fixed concept and must be implemented locally on a case-by-case basis. Reference information
to help regulators define BAT is given in the European Commission BAT Reference Documents
(BREFs). To the extent that the BREFs comprise values for energy efficiencies, these values can
be used as BAT values. However, not all industries are covered by the BREFs, some BREFs are
not yet finalised and some BAT values would also often include electricity consumption.

Best practice, will often be similar to BAT and in countries where BAT benchmarks are used,
best practice are used if no BAT value is available.

Using a benchmark based on the x% best sites in Europe or in the world provides a second
alternative. It has not been possible to analyse this option in any detail. It requires not only that a
benchmark has been developed, but also that an analysis of individual sites’ rankings has been
completed. For refineries, where the Solomon energy intensity index is internationally
recognised and applied, such analysis is possible, but for most sectors and industries there is less
basis for establishing such a benchmark without extensive additional work.

In the Netherlands this approach has been applied so that the “target” benchmark is defined as
the best 10% of a given type of process in the world. There are various difficulties associated
with choosing which facilities to include in such a world comparison and in selecting the
appropriate benchmark to apply to any given site. In some industries it may be that most of the
Western European industry would be in the top decile.

In each of the sector chapters, illustrative examples of potential emission benchmark values are
identified. However, within the tight timescales and specified scope of this study, it has not been
possible to develop an exhaustive set of potential values, or to make any recommendations for

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



X1

the use of any particular value. Achievement of this would require further work outside the
scope of this study.

The calculation of allocations based on any of these benchmarks would require the specification
of explicit formulae to be used for the purpose, and could also require the specification of
additional parameter values, for example load factors. Moreover, disaggregation of the sector or
industry could be deemed necessary to develop acceptable benchmark-based allocation
methods.

Overall findings regarding feasibility

The overall assessment is that some form of benchmark can be developed for most of the
sectors, although for many sectors output-based approaches may be infeasible. About 80% of
the total emissions included under the EU ETS in Phase 1 can be addressed by benchmark-
based allocation methodologies. This includes the electricity supply industry, which alone
accounts for almost 60% of the emissions. Without the electricity supply industry included, the
sector or segments of the sectors where benchmarks can be applied comprise 60% of the Phase
1 emissions.

Furthermore, the assessments of the feasibility of benchmarks show that:

e It is difficult to treat all sectors in the same way by adopting a uniform benchmark
approach for all sectors. One possible exception is the use of efficiency
benchmarks to define an adjustment factor (the approach used for most CCA
sector-level allocations in the UK, and the approach used in the Dutch NAP at the
installation level), which could potentially be applied to all sectors.

e For most of the sectors either an output-based benchmark or the benchmark
efficiency adjustment factor method can be applied. There are a number of sectors
where an output-based benchmark is only feasible for part of the sector
(disaggregated by product). In these cases, an input-based approach could be used
for remaining sites.

The sector-by-sector analysis has revealed many differences in what types of benchmark
approaches are available and how they can be applied. As discussed above, key considerations
include choosing the basis of load factor determination (for benchmarks involving capacity
levels), and the bases for the benchmark rates (BAT or a relative performance). Once these are
selected specific benchmarking formulas can be identified.

As noted, one of the advantages of applying an efficiency benchmark “adjustment factor” to
historical emissions, is that it allows for uniform treatment of all sectors. In cases where sub-
sectors/industries do not have a pre-existing target or benchmark, these would need to be
developed and then applied to all relevant sites. Alternatively a “default” value could be used.
For the Dutch NAP, sites without existing targets or benchmarks were assigned a uniform
adjustment factor. Such a default factor could also be used if individual sites do not wish to have
their performance measured against any benchmark. Measuring performance in this way may
be a time-consuming process, and also does not necessarily resolve the issue of new entrants,
who do not have historical emissions.
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Evaluation of benchmark approaches

In addition to the evaluation of feasibility summarised above, we also evaluate benchmarking
approaches against a range of other criteria.  This section summarises the relevant
considerations for making evaluations based on these criteria, and then presents summary
conclusions about individual sectors, in the form of a table. When evaluating the potential
benchmarking alternatives against some of the criteria, it has been necessary to make certain
assumptions regarding the characteristics of the EU ETS in Phase II (and beyond), including
important elements of the allocation approach and the nature of the allowance market. This is
particularly true for the criteria related to incentives.

In particular, we assume that allocations in Phase 2 will be adjusted at least to some extent to
reflect more recent activity, which would include allocations to new entrants and capacity
changes as well as adjustments of allocations due to closures. Adjustments could also include
updating of sector growth projections or changes to the allocation methodology itself. We also
assume that the UK’s choice of allocation methodology will not affect the price of allowances
within the EU. This latter assumption may not be true if many Member States adopt similar
approaches. As noted below, some of the conclusions about the incentive advantages of
different benchmark approaches would differ if either of these two assumptions did not hold.

We also note that our conclusions are qualitative and we do not provide assessments of the
likely quantitative significance of various criteria. We do not, for example, assess how
significant the potential efficiency advantages of one benchmarking approach might be or how
much another approach might deviate from meeting facility “need.” Full assessments of
alternative approaches would include quantitative assessments that would allow one to evaluate
the significance of tradeoffs (e.g. the size of efficiency losses in exchange for gains in meeting
facility “need”).

Evaluation Criteria

* Consistent with Site “Need” for Allowances: Operators often judge an allocation
based on how well it matches their expected emissions. Of course, emissions
trading allows sites to emit more or less than their allocation by buying or selling
allowances. In some cases, a site’s historical emissions may be a poor indication of
its emissions under a trading programme, because it will have incentives to reduce
these emissions, and may profit from doing so if it is allowed to sell surplus
allowances—thus, once the trading scheme is in place, the meaning of the “need”
criterion becomes less clear. Where there is substantial site-specific variation in
emission rates, fuels used, efficiencies, or utilisation within a sector, it is much
more difficult to meet site need using standardised approaches. In these cases,
meeting individual site need would require the use of site-specific data.

* Minimises “Gaming” and Perverse Incentives: A variety of perverse incentives
may arise as a result of the allocation methodology. Most of these are associated
with “updating,” including new entrant allocations, treatment of closed sites, and
allocation approaches that depend on negotiated targets or updated growth
projections. Perverse incentives can include discouraging closure even when this is
part of the least-cost abatement solution, favouring new entrant production over
incumbent production (or vice versa), encouraging over- (or under-) production,
encouraging shifts to a product or process in disproportion to its CO2 intensity, and
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transfer of operations between member states in pursuit of high allocation. Gaming
can also occur when different sectors or sub-sectors are treated differently by the
allocation methodology, so that sites have incentives to switch between them.
Finally, perverse incentives may be created as a result of different treatment of
different types of processes—where in the extreme certain processes are not
covered by the trading scheme.

Provides Incentives for Best Practice and Clean Technology: A standard
assumption in emissions trading is that the allocation method does not affect
incentives to control emissions, including abatement decisions. However, this
standard assumption may not be met in Phase 2 of the EU ETS because of the
expected free allocation to new entrants and to sites that expand capacity, and
because of closure rules. These features of the allocation approach mean that the
choice of a particular benchmarking methodology can affect the incentives for
cost-minimisation of emissions reduction. From the perspective of the cost-
effectiveness of abatement decisions, the “best” incentives are provided by
grandfathering (defined as the use of historical information only) or by auctioning
When we evaluate incentive effects, it is relative to this “standard.” Because our
evaluations assume that Phase 2 would include new entry and closure rules, as well
as other adjustments to allocations to reflect recent activity, the Phase 2 system we
assume deviates from this “standard.”

Provides Certainty: Certainty about absolute allocations and certainty about
relative allocations (that is, emissions per unit of input or output activity) are both
likely to be important to operators, and operators may value each of these to
different degrees. Updating allocations based on recent data may provide greater
“relative” certainty at the expense of absolute certainty about total allocations.

Consistency with Other Member States: In principle most of the allocation
approaches considered here could be followed in other Member States. Some
Member States have already applied benchmarking approaches to a varying degree
in their Phase 1 allocation plans.

Consistency with Energy White Paper: For sectors that are part of the energy
supply chain, including the electricity supply sector, the offshore and onshore
sectors, and the refinery sector, there may be concerns about consistency with the
goals of the Energy White Paper. These include achievement of environmental
targets, securing low prices for consumers, commitment to market-based
approaches, and maintaining security of supply. Certain allocation approaches may
be better at meeting these goals than others.

Conclusions regarding alternative Phase 2 benchmarking approaches

Assuming that new entrants in Phase 2 will receive free allocations, and that these
will be based on capacity and projected utilisation, it may be seen as more
equitable to use a comparable approach for incumbents. Furthermore, it could
create perverse incentives if incumbents were to receive lower allocations than
comparable new entrants.
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* Comparability between new entrants and incumbents would be most transparent if
a “standardised” approach were used that applied the same parameters to all sites
within a sector—or indeed, across sectors in the case of ‘“combustion”. An
example of this approach would be a capacity-based allocation that assumed the
same load factor, emissions factor, and efficiency rates for all installations. Note,
however, that other criteria may lead to the choice of a less standardised approach.

e  Where similar treatment of new entrants and incumbents is desired, incentives to
minimise compliance costs would be greatest (and least perverse) if capacity- or
output-based approaches were used that do not differentiate by technology,
process, or fuel. For example, an approach that granted to all new entrants an
allocation equal to their projected need for the specific technology used would
provide almost no incentive for new entrants to adopt clean technologies, and
would therefore distort the incentives otherwise created by the trading scheme.

e If different treatment of new entrants and incumbents is acceptable, the arguments
in favour of universal application of output-based approaches may carry relatively
less weight. New entrants could still receive capacity- or output-based allocations
while incumbent benchmarks were based on different parameters.

* In some sectors the combination of a benchmarking approach with growth
projections that are updated over time may also create weaker incentives to shift to
less carbon-intensive production. The same weakening of incentives also holds if
the benchmarks themselves are renegotiated each period. It may also hold where
there are uncertainties about government plans for future allocation approaches.

* The selection of specific benchmark values is beyond the scope of this study. It is
important to recognise that the choice of benchmark values across different sectors
may have implications for long term macro-level shifts between products that are
broad substitutes (for example, different types of building materials), particularly
where allocations are made to new entrants.

¢ In some sectors with substantial variations in utilisation levels from site to site, the
use of a fully standardised approach may result in significant over- or under-
allocation relative to site need. For such sectors, it may be appropriate to take into
account historical site-specific utilisatio

e nrates or load factors. The importance of taking into account relative “need” may
vary from sector to sector (depending, for example, on exposure to international
competition and profitability).

* In sectors particularly exposed to competition, it may be especially important to
account for need by reflecting other site-specific data, including emissions factors
and efficiencies. If sites are forced to reduce output as a result of competition from
non-Kyoto countries, for example, this may result in “leakage” of emissions and
reduce the environmental benefit of the Scheme. Where competition effects are
important, adjustments to reflect need may deter site closure.

* Although historical information is generally available, there are circumstances
where it is not available or where it is difficult to verify. Use of historical
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information also may be complicated by efforts to find a “representative” year or
years.

Differentiation of benchmarking parameters (e.g., disaggregation) to account for
differences in technology, fuel use, process, or output is one way of designing
benchmark allocations that more closely reflect site need.

In the context of an allocation approach that includes free new entrant allocation,
shutdown forfeiture, or other forms of updating, differentiation of benchmarking
parameters based on technology, process, fuel use, or output generally results in
weaker incentives for clean technologies. The implications for incentives are of
most concern for products or processes competing in the same market. As noted
above, the importance of this concern is an empirical question, and depends on the
level of importance assigned to “meeting site need” in a given sector.

In the context of an allocation approach that includes free new entrant allocation,
shutdown forfeiture, or other forms of updating, output-based benchmarks provide
more incentives than input-based benchmarks (including energy input, which may
apply to many sources brought into the EU ETS under "combustion" activities) to
use low-emission technologies and to achieve the least-cost emissions abatement.

Concerns about security of supply may increase the desirability of differentiation
by technology or fuel, although incentives should not be affected except in the
presence of updating, including free allocation to new entrants and similar features.

Output-based approaches are less distorting of incentives than other approaches in
the context of free new entrant allocation and shutdown forfeiture. However, there
is the potential for other types of distortions where a sector covered by an output-
based benchmark for its product can also make use of onsite-generated heat and
power that may also be eligible to receive an allocation.

All of the benchmarks considered could in principle be compatible with the
approaches to be taken in other Member States for Phase 2, since no Member State
has determined its Phase 2 approach and, indeed, no Member State implemented a
comprehensive benchmarking approach in Phase 1. Applying an energy efficiency
adjustment factor to historical emissions would be consistent with the UK’s
allocation methodology for new sources in Phase 1 and with the Dutch allocation
methodology. However, other Member States used direct output-based allocation
approaches for some sectors in Phase 1 and may continue with that approach in
Phase 2.

Certainty is clearly desirable for nearly all participants in a trading scheme, but for
some participants certainty about absolute numbers of allowances may be more
important than certainty about relative numbers of allowances per unit of input or
output.

Summary Evaluations

Table 3 provides summary conclusions about the benchmarking approaches considered for each
sector. For some sectors more detailed benchmarks have been developed, and evaluations in
more detail are therefore also possible.
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Table 3

Summary Evaluations of Benchmarking Allocation Approaches to Different Sectors.

Sector Benchmarks Considered Incentives Site Need Energy White Candidate benchmarks
and Feasibility Paper
ESI Output-based benchmarks Incentives are provided chiefly by Large differences in emissions In the context of A benchmark candidate with emphasis on

including load-factor, fuel
emissions factor, and efficiency,
with various types of
differentiation (site, technology,
type, and sector).

A large amount of differentiation
could lead to a very large number
of benchmarks, which could be
administratively unwieldy.

the allowance price, but can be
affected by updating, including
new entrant allocations and
closure rules.

Updating of site-specific load will
encourage production. This is a
perverse incentive because it
reduces incentives for energy-
savings.

Technology- or fuel-specific
benchmarks (in the context of
shut-down forfeiture and free new
entrant allocation) provide weaker
incentives for clean technology
than uniform, standardised
benchmarks.

Substitutes (CHP, on-site
generation, energy efficiency
services) should receive
consistent price signals to
preserve good incentives.

Technology-level differentiation
may lead to lobbying on
classification. This problem may
also arise with the use of sub-
sector differentiation, eg, by peak,
shoulder, or base load plants.

intensities per unit output exist
between existing plants.
Providing higher-emitting plants
with the allowances they need
will therefore require
differentiation. Site need is
best met by site-specific
emission factors, technology-
specific benchmarks, and site-
specific load factors.

In general, in the context of the
updating provided by new
entrant allocations,
differentiation may be in conflict
with the provision of incentives
to reduce emissions in the most
cost-effective manner.

Output-based allocation could
result in allocations to “zero-
rated-emissions” combustion
sites (eg, biomass) but not to
non-combustion renewables
such as windpower or to
nuclear energy. It would
therefore more than meet site
"need" for some renewables-
based suppliers while not
conferring similar treatment on
some potential competitors

updating, output-
based benchmarking
may encourage higher
production than other
approaches in the
long-run. This may
result in lower prices
and benefit
consumers, but could
equally be thought to
be a deviation from
the socially optimal
marginal cost pricing
(Input-based
benchmarks to new
entrants and highly
differentiated ones
would also mute price
increases, but may be
less acceptable for
other reasons.)

Fuel diversity and
security of supply
could potentially be
compromised by
benchmarking
approaches that
provide very strong
incentives for closure.
Differentiation of

mitigating perverse incentives of new entrant
set-aside and closure rules would be one based
on output and using:

- a natural gas emissions factor;

- a common technology benchmark (eg. BAT);
- site-specific load factors based on recent
output data.

Where site need or certain goals of the Energy
White Paper are deemed most important, the
benchmark could be further differentiated, with
the most significant distinction being one of
technology type / fuel.

Entec
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Sector

Benchmarks Considered
and Feasibility

Incentives

Site Need Energy White

Paper

Candidate benchmarks

benchmarks could

Other Combustion

Refineries

Benchmarks of boiler efficiency
and fuel emissions factor (ie,
emissions per unit boiler output)
have been considered.

Output-based benchmarks not
feasible because of wide range of
products with different energy
needs and no benchmark data are
available. Load factor variation is
very high.

Aggregate SEC of crude oil
throughput (input-based)

Product-differentiated SEC
(output-based). Appropriate
product-based SEC values are not
available.

Solomon Energy Intensity Index
based benchmark. (input and
output-based) This would be
feasible only if refineries agree to
submit Index data (has been used
in the Netherlands, was found

Boiler output is generally one of
many inputs into processes in the
sector. With updating, incentives
for energy efficiency may be
blunted.

The use of differentiated
emissions factors for allocations to
new entrants would not encourage
the investment of new clean
technology.

With updating, an input-based
approach may be less able than
an output-based approach to
preserve incentives for a) the
reduction of overall energy
consumption, and b) switch to
cleaner feedstock.

The Solomon Index adjusts for the
quality of feedstock so with
updating would also distort
incentives for emissions
abatement by changes to input. If
all index values are held fixed at

mitigate against these
incentives in the
context of updating.

Very high load factor variation N/A
means that site-specific load

factors are likely to be required

to avoid extremes of over- and
under-allocation

The use of a natural gas

emissions factor benchmark
would not meet site need of
users of non-gas fossil fuels.

Differentiation by boiler type
and output (steam vs hot water)
may be feasible but was not
thought important in
comparison to other factors

The Solomon Ell is the most
detailed measure available to
estimate refinery energy
consumption, and therefore
best suited to meeting site
need.

Meeting site need may
reduce chances of
closures, contributing
to security of supply.

If it is not possible to use the
Solomon Index, the Aggregate
SEC index is unlikely to meet
need of all installations, without
some form of differentiation,
possibly by size.

A benchmark with site-specific load factors but a
natural gas emissions factor would provide a
compromise between reflecting site need and
standardisation.

This could be modified to take account of fuel
use, but doing so for new entrants is not
recommended.

Of the approaches considered, the Solomon
index is likely to be the most viable approach for
meeting site need while applying a common
benchmarking standard.

If it were not found to be feasible to use, the
aggregate SEC approach is the only other
feasible option identified. However, this may not
be sufficiently successful at meeting site need to
be a feasible candidate benchmark. In this case,
other approaches to allocation might have to be
considered.
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Sector Benchmarks Considered Incentives Site Need Energy White Candidate benchmarks
and Feasibility Paper
infeasible in Finland). their current levels for use in
benchmarking allocations, this
problem would be lessened.
Iron and Steel Output-based for primary steel- There is scope for “leakage” of Greater disaggregation of steel- N/A Output-based benchmark. Extent of

Onshore O&G

making.

Energy-intensity adjusted
historical emissions (primary and
secondary steel-making);

Secondary fuel accounting
[“intermediate products”]
benchmark

Data are potentially available for
all these approaches.

Input-based benchmark based on
fuel use and load factors, with the

option of a strategic capacity
adjustment factor

Energy efficiency adjusted historic

emissions.

emissions to non-covered
processes. However, decisions
by operators to undertake actions
that result in leakage are
unaffected by the method of
allocation.

With updating (including new
entrant allocations and closure
rules), allocation to separate
processes (intermediate products
approach) could steer production
to use a particular process or
processes. This could provide
incentives for or against the
adoption of cleaner methods of
production.

Consistent incentives between
incumbents and new entrants may
be complicated by continued use
of “system” approach.

The sector is highly concentrated,
akin to a regulated monopoly, and
differences in the treatment of
sites can therefore be internalised
intra-company to a large extent.

Using strategic capacity
adjustments would give
preference to new capacity over
better use of existing sites unless

making into separate
processes might help to
produce better predictions of
site need, at the price of
complexity and potential for the
distortion of production
decisions (under updating).

The steel sector may be
exposed to a peculiarly volatile
product market. If this is
correct, historic data would be
a less accurate indicator of
need than in many other
sectors.

There is little correlation
between nameplate capacity
and actual load use.

The sector’s varying load
factors makes it difficult to meet
need. This is true whether
individual historical data or
current averages are used.

In the context of
updating provided by
new entrant
allocations and
closure rules, an
output-based
approach could
encourage production,
but any effect on fuel

differentiation, including break-down by process
type, needs to be determined with an eye to
weighing potential incentive effects against site
need and international competition.

Input- or throughput-based benchmark with
adjusted load factors.
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Sector

Benchmarks Considered
and Feasibility

Incentives

Site Need

Energy White
Paper

Candidate benchmarks

the parameter values were

Failure to accurately reflect

prices is likely to be
small.

Offshore

Input-based benchmark using
historical fuel use, an efficiency
factor, and an emissions factor
per unit energy output.

Emissions Adjustment benchmark

considered as theoretical option,
but no suitable energy/emissions
intensity index identified. This

method is therefore not feasible at

present.

Not clear that values in new
entrant methodology reflect best
practice / available technology.

Prediction of load not feasible

adjusted periodically.

Input-based benchmarks may not

encourage efficient fuel use if

used in conjunction with updating.

individual site need may be
less of a concern in a highly
concentrated sector than in
other sectors.

Benchmarking is complicated
by known trends of (a)
decreasing production, (b)
increasing emissions intensity,
and (c) idiosyncratic
developments depending on
characteristics of reservoir.

Historic data may not be a
good guide to future site need
in this sector. Some
adjustment is possible through
the use of sector-level growth
rates.

Site need may be correlated
with company ownership, as
platforms are often sold on
towards the end of their life
when emissions intensity
increases. If subsequent
modifications are classified as

Closure of sites would
be a serious concern
in this sector, which is
key for the security of
the UK’s energy
supply. This is
unlikely to be much of
a concern, however, if
there is some form of
pass-through of
increased cost to
consumer prices.

Sector of key
importance for security
of energy supply, so
emissions abatement
through closure may
be unacceptable. This
is only affected by
allowance allocation
(including allowance
generosity) insofar as
some form of updating
is used and depends
especially on the
nature of closure
rules.

The allocation method,
including the
benchmark method
used, would not affect
incentives for closure
in the absence of

Fuel input-based benchmark the only benchmark
identified as feasible for incumbents in this
sector. Further investigation into the basis for
efficiency and emissions factors per unit output
may be warranted.
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Sector Benchmarks Considered Incentives Site Need Energy White Candidate benchmarks
and Feasibility Paper
new entry, the generosity of updating.
new entrant benchmarks may
affect the extent to which
reservoirs continue to be used
for extraction. It is not clear
that the allowance methodology
is the most effective way to
address this.
Pulp & Paper Capacity/input based benchmark With free allocation to new entry, Output capacity can be N/A Output-based benchmarks are hard to construct
splitting combustion process and input-based benchmark may expanded without adding boiler for the pulp and paper industry.
drying process . unduly encourage addition of new  capacity, but under input-based
boiler capacity even where output  approach this would mean Input-based benchmark separating combustion
Energy-intensity adjustment of capacity is optimally increased maintaining the pre-expansion and drier processes is a candidate. The impact
historic emissions. solely by adding new mills. allocation level. This may not on site need requires assessment of factors
meet the need of the such as existing load factors.
Output-based benchmarks not Variable load factors (e.g, old associated new production.
feasible because of wide range of  plants with large, underutilised Use of historic emissions data and energy
products with different energy boilers) may receive a large Variable load factors (eg, old intensity adjustment would need to specify what
needs. Load factor variation is allocation under a capacity-based  plants with large boilers) mean energy intensity benchmark rate(s) to use as
high. method, and in the context of over-allocation relative to need well as a methodology for new entrants.
shutdown forfeiture, may be less is also arisk. Adjustments for
inclined to close and lose their this fact run the opposite risk of
large allocation. under-allocation.
In special circumstances, an There is a concern that
output-based benchmark (not allocating based on combustion
considered in details) may result and drying processes, without
in double-allocation of allowances  accounting for the paper
if CHP is moved off-site. production process, would
make the benchmark a poor
indicator of site need.
Ceramics Brick and tiles subsectors: output-  With free new entrant allocations, Bricks and tiles: differentiation N/A Output-based benchmark a candidate for brick

based benchmark considered and
deemed feasible.

Refractory and other sectors:

shutdown forfeiture, or other
updating, disaggregation by kiln
type (tunnel/intermittent/etc) may

by product type would help
ensure that site need is met.

Refractory and other sectors:

and tiles subsectors. Extent of differentiation
required (eg, by kiln type) requires the weighing
of incentive effects against the effect on site

Entec
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Sector Benchmarks Considered Incentives Site Need Energy White Candidate benchmarks
and Feasibility Paper
output too heterogeneous for the increase distortions. use of historic data helps need and competitive environment.
development of output emissions ensure site need is met (but at
factors. Benchmarks based on price of more distortion from For refractory and other sectors ouput-based
methods are unlikely to meet site need. Use of
historical emissions levels updating). historic emissions with energy-intensity
considered as a method to adjustment is a feasible option, subject to
account for site idiosyncrasies. development of an agreed adjustment factor
This is subject to the benchmark
determination of appropriate
energy intensity benchmarks,
perhaps through negotiation.
Cement Output-based benchmark With free new entrant allocations, All approaches can meet site N/A Output-based benchmark without kiln-type
shutdown forfeiture, or other need, depending on the disaggregation is more transparent and, under
Energy intensity adjustment of updating, disaggregation by kiln stringency of the benchmark. updating, less distortive than an approach based
historical emissions. type (wet/dry) distorts incentives on negotiated energy intensity targets.
for clean technology. Ownership structure of industry
Global energy efficiency (of wet/dry kilns) may be so
benchmark. Limiting the incidence of uniform that differentiation is
. . updating—including new entrant unnecessary.
All candidates are potentially allocations, shutdown forfeiture,
feasible. and updating of growth based on  An accurate measure of
clinker output—will improve capacity is required to meet site
incentives to switch to lower CO,-  need, and this may be different
intensity cements. from name-plate capacity.
Unusually homogenous load
factors across industry makes it
easier to meet need with an
output-based method while
avoiding disaggregation.
Lime Output-based benchmark with With updating due to new entrant For the output-based approach, N/A A benchmark candidate with emphasis on

historical site-specific load factors.

Possible to differentiate by
technology type.

Carbon intensity adjustment of

reserves, a standardised non-
differentiated benchmark
preserves incentives for emissions
abatement through changes to
technology, input composition and

site-specific load factors likely
to be necessary to meet site
need, as factors vary greatly
over time and across
installations, partly depending

mitigating perverse incentives of updating would
be one based on output and using:

- a single BAT kiln type;

- natural gas emission factor;
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Sector Benchmarks Considered Incentives Site Need Energy White Candidate benchmarks
and Feasibility Paper
historical emissions. product mix better than one thatis  on the customer base and - a single product type.
differentiated by kiln-type, economic conditions.
feedstock, or product, To meet site need, further differentiation may be
respectively. . It may be necessary to keep - necessary, including between high-calcium and
dolomite products.
Updating of site-specific load differentiation between high An energy intensity benchmark is likely to
factors distorts incentive for calcium and dolomite products require negotiation but would be a feasible
utilisation from cost-minimising if impact on site need of not option.
optimum, but may be necessary to  doing so is felt to be too
meet site need. Use of historical severe.
site-specific information only
would not suffer from this Other differentiation (feedstock,
drawback. kiln type) is subject to trade-offs
against simplicity,
New entrants require alternative standardisation, and (with
treatment under the adjustment updating) incentive effects.
factor approach, which may lead
to inequity between incumbents
and new entrants.
Aluminium Output-based approach for power ~ Because sector is small (only one  Site need depends on the level ~ N/A As for ESI for power generation. For other
generation similar to ESI. site currently included) the setting  chosen for electrical efficiency emission sources, standardised output-based
of the benchmark may take onthe  and fuel emissions factor approach appears feasible.
Output-based approaches for character of negotiation. A targets.
other fuel use and process technologically robust benchmark
emissions using standard is therefore required.
emission factors and either
standardised or site-specific load. Because some sites purchase
grid-power and others generate,
important to ensure consistency in
allocation to power generation.
Glass Both output-based and energy With new entrant allocations and Both approaches can meet site  N/A An output-based benchmark potentially meets

intensity adjustment of historical
emissions feasible for container
glass, flat glass, and mineral wool.

Special glass is likely to require a

other forms of updating,
disaggregation by furnace type
(cross-fired, recuperative, fuel-
oxygen fired, etc.) may blunt
incentives for the adoption of

need relatively well in the
container glass, flat glass, and
mineral wool sectors.

The high variability of product

most criteria for the container glass, flat glass,
and mineral wool sectors.

A benchmark candidate with emphasis on
mitigating perverse incentives of updating would
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Sector

Benchmarks Considered
and Feasibility

Incentives

Site Need Energy White
Paper

Candidate benchmarks

non-output based benchmark

clean technology.

characteristics in the special
glass subsector means site
need is difficult to meet by an
output-based method.

be one based on output and using a single
furnace type and a natural gas emissions factor.
Further differentiation would aim to meet site
need better.

For special glass a different methodology is
likely to be required. Grandfathering with
energy-intensity adjustment benchmark is a
feasible option. If a negotiated energy intensity
benchmark is felt to be inappropriate, another
allowance allocation mechanism may have to be
considered

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets benchmark research report final report_270705

formatted.doc
15187

Entec

July 2005

NERA

Economic Consulting



XX1V

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc
15187

Entec NERA

Economic Consulting



XXV

Contents

1 Introduction 1
11 Scope of study 1
1.2 Overview of benchmark methodologies 2
1.2.1 Allocation Benchmarks—General Considerations 2
1.2.2 Generic type of benchmark based allocation methods 5
1.2.3 Determination of Activity Level 7
1.2.4 Relationship of Benchmark Basis to Benchmark Classes 8
1.2.5 Experience from other Member States 8
1.3 Evaluation of benchmarks 9
1.3.1 General Evaluation Principles 9
1.3.1.1  Simplicity, Transparency and Standardisation 9
1.3.1.2  Feasibility 10
1.3.1.3  Verifiability 10
1.3.1.4  Consistent with Site Need for Allowances 10
1.3.1.5 Minimises “Gaming” and Perverse Incentives 11
1.3.1.6  Provides Incentives for Best Practice and “Clean Technology” 12
1.3.1.7  Certainty 14
1.3.1.8  Consistency with Other Member States 14
1.3.1.9  Consistency with Energy White Paper 15
14 Structure of the analysis 15
1.4.1 Sector definitions 15
15 General assessments for all sectors 17
1.5.1 Load factor by sector 17

2. Electricity Supply Industry (Generators) 21
21 Definition of combustion 21
2.2 Sector description 22
2.2.1 Sector specific conditions 25
2.3 ESI Contacts and Data Availability 26
2.3.1 ESI Contacts 26
2.3.2 Data Availability 26
24 Benchmarks 26
241 Existing benchmarks 26
24.2 Experience from other EU member states 27

h:\projects\em-260\5000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005

benchmark research report final report_270705 formatted.doc

15187

Entec NERA

Economic Consulting



XXV1

24.3
2.4.3.1
2.4.3.2
2.4.3.3
24.4
2.4.5
2.4.6

2.4.7
2.5

2.5.1
252
2.5.3
254
2.5.5
2.5.6
2.5.7
2.5.8
2.5.9

BAT and other specific values for efficiency and emissions
Load Factor

Electrical Efficiency

Emission Factors

Alternative benchmarks

Selection and description of representative sites

Estimation of allocation of allowances under alternative
benchmarks

Summary data on development of benchmarks
Evaluation of benchmarks

Evaluation overview - Technical feasibility
Transparency

Consistent with Site Need for Allowances
Incentives for Clean Technology

Potential for Gaming and Perverse Incentives
Certainty

Consistency with Other Member States
Consistency with Energy White Paper
Summary Evaluation

3. Other combustion

3.1
3.2

3.2.1
3.2.2
3.3

3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.3.6

3.4

3.4.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6

Sector profile
Other Combustion Sector Contacts and Data Availability

Other combustion Contacts
Data Availability
Development of benchmarks

Existing benchmarks

Experience from other EU member states
Alternative benchmarks for incumbents
Combustion technologies

Load factors

Estimation of allocation of allowances under alternative
benchmarks

Combined Heat and Power

Existing benchmarks

Experience from other EU member states
Alternative benchmarks for incumbents
CHP technologies

Assessment of benchmarks

Summary table development of benchmarks for Other
combustion

28
28
29
31
32
37

37
44
45
45
45
45
46
48
49
49
49
50

53

53
54
54
55
55
55
57
57
58
60

63
66
67
68
68
70
71

73

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets
benchmark research report final report_270705 formatted.doc

15187

Entec NERA

July 2005

Economic Consulting



XXVil

3.4.7
3.5
3.5.1
3.5.2
3.5.3
3.5.4
3.5.5
3.5.6
3.5.7
3.5.8
3.5.9
3.5.10

Summary data on development of benchmarks for CHP
Evaluation of benchmarks

Technical feasibility

Standardised and simple

Transparency

Consistent with Site Need for Allowances
Incentives for Clean Technology

Minimises “Gaming” and Perverse Incentives
Certainty

Consistency with other Member States
Consistency with other Energy White Paper
Summary and Tentative Recommendations

4. Petroleum Refineries

4.1
411
4.1.2
4.1.3
4.2
4.2.1
422
4.3
4.4
4.41

442
443
4.4.4
4.5

4.5.1
4.5.2
453
454
455
4.5.6
4.5.7
4.5.8
4.5.9
4.6

Sector Profile

Sector Structure

Process Overview

Historical CO, Emissions and the NAP

Refinery Sector Contacts and Data Availability
Refinery Sector Contacts

Data Availability

Existing Benchmark Methodology

Alternative Benchmark Methodologies

Aggregate Refinery Specific Energy Consumption (Aggregate
SEC)

Product-Mix Specific Energy Consumption (Product SEC)
Solomon Energy Intensity Index (Ell)

Summary table on development of benchmarks
Evaluation of benchmarks

Feasibility and Verifiability

Simplicity, Transparency, and Standardisation

Consistent with Site Need for Allowances

Provides Incentives for Best Practice and “Clean Technology”
Minimises “Gaming” and Perverse Incentives

Certainty

Consistency with Other Member States

Consistency with Energy White Paper

Summary and Tentative Conclusions

References

74
75
75
75
76
76
77
77
78
78
79
79

83

83
83
83
85
86
86
86
88

89

89
90
91
95
97
97
97
97
97
99
99
99
99
100
102

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets
benchmark research report final report_270705 formatted.doc

15187

Entec NERA

July 2005

Economic Consulting



XX Viii

5. Iron and Steel
5.1 Sector Description
5.1.1 The UK Iron and Steel Industry
5.2 Iron and Steel Sector Contacts and Data Availability
5.2.1 Iron and Steel Sector Contacts
5.2.2 Data Availability
5.3 Benchmarking Issues for Integrated Iron and Steel Works

5.3.1 EU Coverage

5.3.2 Secondary Fuel Gases

5.3.3 Defined Capacity

5.3.4 Fuel and Energy Requirements

5.3.5 Best Available Techniques

54 Benchmarks for Integrated Iron and Steel Works

5.4.1 UK New Entrant Reserve Allocation Methodology

5.4.2 The Adjustment Factor Approach

5.4.3 Allocation Methodology based upon Disaggregated Output

5.5 Benchmarks for secondary steel sector

5.5.1 The UK secondary steel sector industry

5.5.2 Benchmarks for assessment

5.5.3 Historic fuel consumption data to determine CO, emissions.

5.5.4 The adjustment factor approach

5.5.5 Summary table on development of benchmarks (Integrated Steel
Works)

5.5.6 Summary table on development of benchmarks (Secondary
Steel Works)

5.6 Evaluation of Iron & Steel Benchmarks

5.6.1 Feasibility and Verifiability
5.6.2 Simplicity, Transparency, and Standardisation

5.6.3 Consistent with Site Need for Allowances
5.6.4 Provides Incentives for Best Practice and “Clean Technology”
5.6.5 Minimises “Gaming” and Perverse Incentives

5.6.6 Certainty
5.6.7 Consistency with Other Member States
5.6.8 Consistency with Energy White Paper

5.6.9 Evaluation Summary

6. On-shore Gas Distribution
6.1 Sector Description
6.1.1 Greenhouse Gas Emissions

6.1.2 UK Gas Distribution Compressors

103

103
104
104
104
105
105
105
105
106
106
107
107
108
110
112
114
114
114
115
116

118

119
121
121
121
121
122
123
124
124
124
124

127

127

127
128

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets
benchmark research report final report_270705 formatted.doc

Entec NERA

July 2005

Economic Consulting



XXIX

6.1.3 UK LNG Facilities 128

6.2 On-shore Gas Distribution Sector Contacts and Data
Availability 128
6.2.1 On-shore Gas Distribution Sector Contacts 128
6.2.2 Data Availability 128
6.3 Benchmarking Issues for On-shore Gas Distribution 129
6.3.1 Defined Capacity 129
6.3.2 Compressor Type 129
6.3.3 Fuel Mix 129
6.4 Allocation Methodologies 130
6.4.1 UK NER Allocation Methodology 130
6.4.2 Adjustment Factor Approach 133
6.4.3 Summary table on development of benchmarks 136
6.5 Evaluation of Onshore Benchmarks 137
6.5.1 Feasibility and Verifiability 137
6.5.2 Simplicity, Transparency, and Standardisation 137
6.5.3 Consistent with Site Need for Allowances 137
6.5.4 Provides Incentives for Best Practice and “Clean Technology” 138
6.5.5 Minimises “Gaming” and Perverse Incentives 138
6.5.6 Certainty 139
6.5.7 Consistency with Other Member States 139
6.5.8 Consistency with Energy White Paper 139
6.5.9 Summary and Tentative Recommendations 140
7. Off-shore Oil and Gas 143
7.1 Sector Description 143
7.1.1 Greenhouse Gas Emissions 144
7.2 Off-shore Oil and Gas Sector Contacts and Data Availability 145
7.2 Off-shore Oil and Gas Sector Contacts 145
7.2.2 Data Availability 145
7.3 Benchmarking Issues for the Offshore Oil and Gas Sector 145
7.3.1 Defined Capacity 145
7.3.2 Increase in Energy Intensity 146
7.3.3 Fuel Mix 146
7.4 Benchmarking Approaches 146
7.4.1 UK NER Allocation Methodology 147
7.4.2 The Adjustment Factor Allocation Methodology 148
7.4.3 Summary table on development of benchmarks 151
7.5 Evaluation of Off-shore Oil and Gas Benchmarks 152
7.5.1 Feasibility and Verifiability 152
h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005

benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



XXX

7.5.2
7.5.3
7.5.4
7.5.5
7.5.6
7.5.7
7.5.8
7.5.9
7.6

7.6.1
7.6.2
7.6.3
7.6.4

8. Glass

8.1
8.2

8.2.1
8.2.2
8.3

8.3.1
8.3.2
8.3.3
8.4

8.4.1
8.4.2
8.4.3
8.4.4
8.4.5
8.5

8.5.1
8.5.2
8.5.3
8.5.4
8.5.5
8.5.6
8.5.7
8.5.8
8.5.9

Simplicity, Transparency, and Standardisation
Consistent with Site Need for Allowances
Provides Incentives for Best Practice and “Clean Technology”
Minimises “Gaming” and Perverse Incentives
Certainty

Consistency with Other Member States
Consistency with Energy White Paper
Summary and Tentative Recommendations
Potential for inclusion of flaring

Activity description

Greenhouse gas emissions

Benchmarking issues

Summary points

Sector Description
Glass Sector Contacts and Data Availability

Glass Sector Contacts

Data Availability

Benchmarking Parameters

Product Type

Furnace Type

Fuel Mix

Benchmarks for Glass Industry

New Entrant Formula

Modified New Entrant Method

Adjustment Factor Method

Comparison with Relevant Emissions
Summary table on development of benchmarks
Evaluation of Glass Benchmarks

Feasibility and Verifiability

Simplicity, Transparency, and Standardisation
Consistent with Site Need for Allowances
Provides Incentives for Best Practice and “Clean Technology”
Minimises “Gaming” and Perverse Incentives
Certainty

Consistency with Other Member States
Consistency with Energy White Paper
Summary and Tentative Recommendations

152
153
154
154
155
155
155
156
157
157
158
159
159

161

161
162
162
162
163
163
164
165
166
166
167
167
168
171
173

173
173
174
175
175
176
177
177
177

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets
benchmark research report final report_270705 formatted.doc

15187

Entec NERA

July 2005

Economic Consulting



XXX1

9. Pulp & Paper 179
9.1 Sector Description 179
9.2 Paper Sector Contacts and Data Availability 180
9.2.1 Paper Sector Contacts 180
9.2.2 Data Availability 180
9.3 Benchmarking Issues for the Pulp & Paper Sector 180
9.3.1 Allowing for Combined Heat and Power 180
9.3.2 Best Available Techniques 181
9.3.3 Dutch Benchmarks 183
9.4 Benchmarking methods for Paper & Pulp 184
9.4.1 New Entrant Method 184
9.4.2 Product Specific New Entrant Method 185
9.4.3 Adjustment Factor Allocation Method 185
944 Data Availability 187
945 Comparison of Benchmark methods 187
9.4.6 Summary table on development of benchmarks 191
9.5 Evaluation of Paper & Pulp Benchmarks 192
9.5.1 Evaluation Overview 192
9.5.2 Feasibility and Verifiability 192
9.5.3 Simplicity, Transparency, and Standardisation 192
9.5.4 Consistent with Site Need for Allowances 192
9.5.5 Provides Incentives for Best Practice and “Clean Technology” 193
9.5.6 Minimises “Gaming” and Perverse Incentives 194
9.5.7 Certainty 195
9.5.8 Consistency with Other Member States 195
9.5.9 Consistency with Energy White Paper 196
9.5.10 Summary and Tentative Recommendations 196

10. Ceramic Products 199
10.1 Sector Description 199
10.2 Ceramics Contacts and Data Availability 199
10.2.1 Ceramics Sector Contacts 199
10.2.2 Data Availability 200
10.3 Benchmarking Issues 200
10.3.1 Kiln & Product Type 200
10.3.2 Specific Energy Consumption 201
10.3.3 Fuel Mix 202
10.3.4 Process Emissions 203
10.3.5 Data Availability 203
10.4 Benchmark Allocation 204

h:\projects\em-260\5000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005

benchmark research report final report_270705 formatted.doc

15187

Entec N

ERA

Economic Consulting



XXXil

10.4.1 New Entrant Formula 204
10.4.2 Adjustment Factor Method 205
10.4.3 Comparison with Phase 1 NAP Allocation 207
10.4.4 Summary table on development of benchmarks 215
10.5 Evaluation of Ceramics Benchmarks 217
10.5.1 Feasibility and Verifiability 217
10.5.2 Simplicity, Transparency, and Standardisation 217
10.5.3  Consistent with Site Need for Allowances 218
10.5.4 Provides Incentives for Best Practice and “Clean Technology” 219
10.5.5 Minimises “Gaming” and Perverse Incentives 220
10.5.6 Certainty 221
10.5.7 Consistency with Other Member States 221
10.5.8 Consistency with Energy White Paper 221
10.5.9 Summary and Tentative Recommendations 222
11. Cement 225
111 Sector Description 225
11.1.1 UK Cement Industry 225
11.2 Cement Sector Contacts and Data Availability 225
11.2.1 Cement Sector Contacts 225
11.2.2 Data Availability 226
11.3 Benchmarking Issues for Cement 226
11.3.1 Defined Capacity 226
11.3.2 Kiln Type 226
11.3.3 Moisture Content 228
11.3.4 Kiln Gas Bypass 229
11.3.5 Fuel Mix and Use of Biomass Fuel 229
11.3.6 Best Available Techniques 229
11.3.7 Blended Cements 230
11.4 Benchmarks for Cement 231
11.4.1 UK New Entrant Reserve Allocation Methodology 231
11.4.2 The Adjustment Factor Allocation Methodology 233
11.4.3 Global SEC Benchmark Allocation Methodology 235
11.4.4  Summary table on development of benchmarks 239
11.5 Evaluation of Cement Benchmarks 240
11.5.1 Feasibility and Verifiability 240
11.5.2 Simplicity, Transparency, and Standardisation 240
11.5.3  Consistent with Site Need for Allowances 240
11.5.4 Provides Incentives for Best Practice and “Clean Technology” 242
11.5.5 Minimises “Gaming” and Perverse Incentives 243
11.5.6  Certainty 243
h:\projects\em-260\5000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005

benchmark research report final report_270705 formatted.doc

15187

Entec

NERA

Economic Consulting



XXXiii

11.5.7
11.5.8
11.5.9

12. Lime

12.1

12.1.1
12.2

12.2.1
12.2.2
12.3

12.3.1
12.3.2
12.3.3
124

12.4.1
12.4.2

12.4.3
12.4.4
12.4.5

12.4.6
12.5

12.5.1
12.5.2
12.5.3
12.5.4
12.5.5
12.5.6
12.5.7
12.5.8
12.5.9

Consistency with Other Member States
Consistency with Energy White Paper
Summary and Tentative Recommendations

Sector Description

UK Lime Industry
Lime sector contacts and data sources

Lime sector contacts

Data availability

Benchmarking Issues for Lime
Kiln Type

Fuel Mix

Best Available Techniques
Benchmarks for Lime

UK New Entrant Reserve Allocation Methodology

UK New Entrant Reserve Allocation Methodology, with site
specific operating days

Adjustment Factor Allocation Methodology, Applied to All
Emissions

Adjustment Factor Allocation Methodology, Applied to
Combustion Emissions

Adjustment Factor Allocation Methodology, Applied to
Combustion Emissions (Technology Disaggregated)

Summary table on development of benchmarks
Evaluation of Lime Benchmarks

Feasibility and Verifiability

Simplicity, Transparency, and Standardisation
Consistent with Site Need for Allowances
Provides Incentives for Best Practice and “Clean Technology”
Minimises “Gaming” and Perverse Incentives
Certainty

Consistency with Other Member States
Consistency with Energy White Paper
Summary and Tentative Recommendations

13. Aluminium

13.1

13.1.1
13.1.2

Sector Profile

Sector Structure
Process Overview

244
244
244

247

247

247
247

247
247
248

249
252
252
253

256
258
260
262

264
267
269
269
269
270
270
271
272
272
273
273

275

275

275
276

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets
benchmark research report final report_270705 formatted.doc

15187

Entec NERA

July 2005

Economic Consulting



XXX1V

13.1.3 Historical CO2 Emissions and the NAP 276
13.2 Sector Contacts and Data Availability 278
13.2.1 Aluminium Sector Contacts 278
13.2.2 Data Availability 278
13.3 Existing Benchmark Methodology 278
13.4 Alternative Benchmark Methodologies 279
13.4.1 Combustion CO2 Benchmarks 279
13.4.2 Process CO2 Benchmarks 279
13.4.3 PFC Emission Benchmarks 279
13.4.4  Summary table on development of benchmarks 281
13.5 Evaluation overview 282
13.5.1 Feasibility and Verifiability 282
13.5.2 Simplicity, Transparency, and Standardisation 282
13.5.3 Consistent with Site Need for Allowances 282
13.5.4 Provides Incentives for Best Practice and “Clean Technology” 283
13.5.5 Minimises “Gaming” and Perverse Incentives 283
13.5.6  Certainty 283
13.5.7 Consistency with Other Member States 284
13.5.8  Consistency with Energy White Paper 284
13.5.9 Summary and Tentative Recommendations 284
13.6 References 285

14. Brief Consideration of Benchmarks for Non-CO,

Greenhouse Gas Sources 287
14.1 Sources of Non-CO, GHG Emissions 287
14.2 Brief Consideration to Potential Benchmarks for Non-CO,

GHG Emissions 289
14.2.1 Introduction 289
14.2.2 Methane (CH,) 290
14.2.3 Nitrous Oxide (N2O) 290
14.2.4 Fluorinated gases (HFC, PFCs and SF) 291
14.3 References 292
Figure 1 Use of benchmarks in allocation schemes for emission allowances in the EU ETS iii
Figure 2 lllustration of transition from emission based (grandfathering) approach in 2008 towards a

benchmark-based allocation in 2012 \Y
Table 1 Variation in emissions by process/technology at incumbent installations vii
Table 2 Variation in load factor or utilisation across sites within each industry (and each product

type) viii
Table 3 Summary Evaluations of Benchmarking Allocation Approaches to Different Sectors. XVi
Figure 1.1 lllustration of transition from grandfathering to a benchmarking approach 4
Table 1.1 Phase 1 allocations by sector 15
Table 1.2 Number of installations and average allocation per installation 16
Table 1.3 Variation over time in load factors by sectors 18

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

15187

Entec NERA

Economic Consulting



XXXV

Table 1.4 Frequency of a time trend in site specific load factors 19
Figure 2.1 UK supply of electricity by fuel 1995 to 2003 22
Figure 2.2  Generation as Share of Total Thermal Output 24
Figure 2.3 Historical load factors 1996 to 2003 25
Table 2.1 Load factors relevant for Power Station Benchmarking Approaches 29
Table 2.2 BAT energy efficiency values for electricity generation (net efficiencies) 31
Table 2.3 Emission factors for fuel input 32
Table 2.4 Benchmark methodology assumptions 36
Table 2.5 UK power plants input data assumptions - selected sites 37
Table 2.6 Site allocations under alternative benchmarks 38
Figure 2.4  Allocations to CCGT Sites for alternative benchmarks — comparison to historical

emissions 39
Figure 2.5  Allocations to CCGT Sites for alternative benchmarks — comparison Phase | allocations 39
Figure 2.6 Allocations to coal fired power stations for alternative benchmarks — comparison with

relevant emissions 40
Figure 2.7  Allocations to coal fired power stations for alternative benchmarks — comparison Phase |

allocations 41
Figure 2.8 Allocations to CCGT power stations for alternative benchmarks — comparison with Phase

| allocations assuming that all benchmark alternatives are scaled to equal Phase | 42
Figure 2.9  Allocations to coal fired power stations for alternative benchmarks — comparison with

Phase | allocations assuming that all benchmark alternatives are scaled to equal Phase | 43
Figure 2.10 lllustrative Costs of Generation for Different Fuels, Including “Updating” Rebate 47
Table 2.7 Summary Evaluation of Electricity Benchmarks 50
Table 3.1 Allocation and annual emissions for the Other Combustion sector 53
Table 3.2 Number of installations in Other Combustion 54
Table 3.3 Annual operational hours in % of total hours 56
Table 3.4 Total load factors by industry 56
Table 3.5 Boiler technologies for heat production and their efficiencies 59
Table 3.6 Emission factors for fuel CO,/MWh fuel consumption (net calorific values) 59
Table 3.7 Variation in load factors over time 1998 to 2003 Load factors used in the NER

methodology 60
Table 3.8 Benchmark methodology assumptions 62
Table 3.9 Comparison of alternative benchmark based allocations to relevant emissions —

benchmark allocation in % of relevant emissions - Food, Drinks and Tobacco 63
Table 3.10  Allocations under alternative benchmarks - Food, Drinks and Tobacco — selected sample

of 14 sites 64
Figure 3.1 Site allocations under alternative benchmarks - Food, Drink and Tobacco, All benchmark

scaled to the same total for the selected sites 65
Table 3.11  Site allocations under alternative benchmarks - Engineering and Vehicles 66
Table 3.12  Site allocations under alternative benchmarks - Hospitals 66
Table 3.13  Annual operational hours in % of total hours 67
Table 3.14  Comparison of allocations — Phase 1 and Benchmark 3 70
Table 3.15  Comparison of allocations — Phase 1 and Benchmark 3 72
Table 4.1 Fuel consumption 84
Table 4.2 CO, Emissions and Throughput for UK Petroleum Refining Sector (DEFRA 2005, DTI

2004) 85
Table 4.3 CO, Emissions and NAP Data for UK Petroleum Refineries (DEFRA 2005) 86
Table 4.4 Refinery Capacity Data and Estimated Throughput (DTI 2004) 87
Table 4.5 Aggregate Refinery Specific Energy Consumption Data (DEFRA 2005, DTI 2004) 89
Figure 4.1 CO. Emissions Versus Refinery Throughput (DEFRA 2005, DTI 2004) 90
Table 4.6 Range of Ell values for refineries (Solomon 2005) 92
Table 4.7 Effect of Varying the Benchmark Ell on UK Refinery Total Sector Emissions Allocation 93
Table 4.8 Potential Range of Allocations by Refinery for benchmark Ell of 84 94
Table 4.9 Summary Evaluation of Refinery Benchmarks 100
Figure 5.1 Energy Utilisation in a Modern Steel Works 104
Table 5.1 Comparison of Allocations based upon the UK NER Methodology (1&S) with UK NAP

Relevant Emissions 109
Table 5.2 Comparison of Allocations based upon the UK NER Methodology (1&S + C) with UK NAP

Relevant Emissions 110
Table 5.3 lllustrative Adjustment Factor for Years 1to 5 111
Table 5.4 Comparison of lllustrative Adjustment Factor Allocations expressed as a ratio of UK NAP

Relevant Emissions 112
Table 5.5 Comparison of Allocations based upon Disaggregated Output with the UK NAP Relevant

Emissions 113
Table 5.6 Emission Factors for Disaggregated Output 113
Table 5.7 Emission Factors for Fuel Gas 113
Table 5.8 Comparison of NAP allocation method and Fuel consumption method 115

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005

benchmark research report final report_270705 formatted.doc

15187

Entec NERA

Economic Consulting



XXX V1

Table 5.9 Emission factors for materials 115
Table 5.10  Comparison of NAP allocation method and Adjustment factor method 116
Table 5.11  Summary Evaluation of Selected Iron & steel Benchmarks 125
Table 6.1 Emission factors for types of new compressors in the UK Gas Distribution System 129
Table 6.2 Scenario assumptions 130
Table 6.3 Comparison of Allocations based upon Methodology with UK NAP Relevant Emissions 131
Table 6.4 Comparison of Allocations based upon Strategic Capacity, with UK NAP Relevant

Emissions 133
Table 6.5 Comparisons of Adjustment Factor Allocations with UK NAP Relevant Emissions 135
Table 6.6 Summary Evaluation of Onshore Benchmarks 140
Figure 7.1 Variation in use of Combustion Capacity for Selected Platforms 145
Table 7.1 Comparisons of Allocations based upon the UK NER, Historical Fuel Input, with UK NAP

Allocations 148
Table 7.2 Comparisons of Adjustment Factor Allocations with UK NAP Relevant Emissions 149
Table 7.3 Methodology assumptions 152
Table 7.4 Evaluation summary 156
Table 7.5 Activity Data for Flaring 158
Table 8.1 UK Glass industry categories and production 162
Table 8.2 Furnace types 164
Table 8.3 Fuel use by sub-sector 165
Table 8.4 Comparison of benchmark approaches 168
Table 8.5 Comparison of benchmark approaches 169
Table 8.6 Glass CCA targets 169
Table 8.7 Mineral wool CCA targets 170
Figure 8.1 Comparison of benchmarks 170
Table 8.8 Summary Evaluation of Glass Benchmarks 177
Table 9.1 Energy consumption data for mechanical pulping 182
Table 9.2 Reference benchmarks 183
Table 9.3 CCA targets and ratios 186
Figure 9.1 Ratio benchmark emission scaling approach versus Phase 1 relevant emissions 187
Table 9.4 Comparison of benchmarks 188
Figure 9.2 ~ Comparison of allocation methodologies versus the Phase 1 relevant emissions 189
Table 10.1 Brick Kilns and Product Types 201
Table 10.2  Fuel mix for different products 202
Table 10.3  Material emission factors 203
Table 10.4  Specific Energy Consumption for Brick Manufacture 205
Table 10.5  Efficiency targets by sub-sector 206
Table 10.6  Comparison of allocations by alternative NER benchmarks 207
Table 10.7  Allocation by Adjustment Factor Approach 208
Figure 10.1  Comparison of benchmarks 209
Table 10.8  Adjustment factor Allocation Method — Individual Installation Analysis 210
Table 10.9  Summary Evaluation of Ceramics Benchmarks 222
Table 11.1 Energy efficiency for types of kilns in use in Europe: 227
Table 11.2  Kiln Types and Fuel Usage in the Cement Industry in England and Wales 227
Table 11.3  Scenario assumptions 231
Table 11.4  Comparison of Allocations based upon the UK NER Methodology with UK NAP Relevant

Emissions 233
Table 11.5  Comparisons of Adjustment Factor Allocations with UK NAP Relevant Emissions 234
Table 11.6  Comparison of Global SEC Benchmark Allocations with the UK NAP Relevant Emissions 236
Figure 11.1  Trend in Allocations based upon a Global SEC Benchmark Method 238
Figure 11.2  Convergence of Specific Energy Consumption Targets 238
Table 11.7 Summary Evaluation of Cement Benchmarks 244
Table 12.1  Commercial lime production 249
Table 12.2  In-house Lime Production 250
Table 12.3  Typical heat use for types of kilns in use in Europe (Note 1) 250
Table 12.4  CO, emissions factors for different kiln types 251
Table 12.5  Scenario assumptions 254
Table 12.6 NER methodology combustion emission factors (tCO2/t product) 256
Table 12.7  Comparison of Allocations based upon the UK NER Methodology with Phase 1 relevant

emissions 257
Table 12.8 Process emission derived actual operating days, 2003 259
Table 12.9  NER allocation with 2003 process emissions-based operating days versus Phase 1

relevant emissions 259
Table 12.10 Comparison of adjustment factor allocation , applied to all emissions versus Phase 1

relevant emissions 262
Table 12.11  Comparison of Adjustment Factor Allocation Methodology, Applied to Combustion

Emissions with Phase 1 relevant emissions 263

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005

benchmark research report final report_270705 formatted.doc

15187

Entec NERA

Economic Consulting



XXXVil

Table 12.12 Combustion only emission factors based on 2003 combustion emissions and estimated
production data. 264
Figure 12.1  Spread of site combustion emissions versus combustion emissions benchmark 265
Table 12.13 Comparison of Adjustment Factor Allocation Methodology, Applied to Combustion
Emissions (Technology Disaggregated) with Phase 1 ‘relevant emissions’ 266
Table 12.14  Summary Evaluation of Selected Lime Sector Benchmarks 273
Table 13.1 UK Primary Aluminium Smelters 275
Table 13.2  Typical Aluminium Smelter GHG Emissions 277
Table 13.3  Summary Evaluation of Aluminium Sector Benchmarks 284
Table 14.1  ‘Basket of Six’ Greenhouse Gases Covered by the Kyoto Protocol and Key Sources 287
Table 14.2  Summary of Emissions Projections for Basket of Six Greenhouse Gases (MtC) 288
Table 14.3  Key Sectors and GHG Emission Sources under the EU ETS 288
Table 14.4  Summary of Potential for Development of Benchmarks for Methane Emissions 290
Table 14.5  Summary of Potential for Development of Benchmarks for Nitrous Oxide Emissions 291
Table 14.6 Summary of Potential for Development of Benchmarks for Fluorinated Gas Emissions 292
h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005

benchmark research report final report_270705 formatted.doc

15187

Entec NERA

Economic Consulting



XXXViil

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc
15187

Entec NERA

Economic Consulting



1. Introduction

1.1 Scope of study

The allocations to incumbents under the EU ETS Phase 1 generally have been based on
historical emissions. For Phase 2 starting in 2008, allocations have to be determined, including
determining both the approach as well as the coverage of the scheme in terms of sectors and
gases included. By mid 2006, the EU Member States have to submit their draft allocation plan
for Phase 2. Therefore, a process of preparation for Phase 2 has been initiated.

Within the activities carried out for Phase 1 of the EU ETS in the UK, standardised benchmarks
were developed for the calculation of allowances to new entrants. The UK Government has
commissioned consultants to explore further these benchmarks developed for Phase 1 for
possible use in the Phase 2 allocations. Note that no policy decisions have been taken on the
allocation methodology to incumbents or the treatment of new entrants in the second phase of
the EU-ETS. The activities will merely aim to assess the feasibility and limitations of a
benchmarked approach to allocation in the second phase of the EU ETS as part of the
preparations for Phase II.

The present study is therefore limited in its scope to address the following tasks:

* Review of existing benchmark approaches used in other Member States, focussing
on main alternative types;

* Assessment of what types of benchmark approaches can be applied in each sector;
and

* Assessment of feasibility and limitations with each type of benchmark approach
with each sector.

* Development of criteria (beyond feasibility) for evaluating benchmark approaches.
* Providing qualitative assessments of various benchmark approaches.

For most sectors, further work will be needed before specific benchmarks could be chosen or a
specific type of benchmark approach recommended. Such work will typically include:

» Further research and consultation with industry;
* Additional benchmark alternatives based on site specific data;

* Assessments of allocation approaches based upon qualitative and quantitative
assessments and weighting of key evaluation criteria such as simplicity,
transparency, incentives, meet needs, energy policies etc.

Within the scope of the present study, not all sectors have been analysed in equal detail. Focus
has been on sectors with high emissions and where complications in defining a benchmark
approach were identified in the work leading to the methods for the new entrant’s reserve.
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Informal consultations have been made with a number of industries, but within the time and
resource constraints of this study, it has not been possible to informally consult all relevant
industries.

In setting the scope of the present study, a restrictive time schedule has been a constraining
factor. The project was initiated in a scoping meeting on 21 January 2005 and the first draft
report was prepared by the end of March.

The overall objectives of the study are to evaluate the feasibility and limitations of benchmark
approaches and provide some qualitative evaluations of alternative Phase II allocation
approaches for emissions allowances under the EU ETS.

A number of arguments have been offered as reasons for considering a benchmarking allocation
approach. These include arguments appealing both to distributional equity and to the efficiency
and cost-effectiveness of the trading scheme. Benchmarking provides an alternative to granting
allowances to sites with historically high emissions, and therefore avoids penalising early action
to reduce emissions. Benchmarks can also be used as a way of balancing burdens among
different sectors—for example, by setting all sector targets at the same level relative to best
practice. Benchmarking also can provide a way of harmonising allocation approaches among
Member States. Finally use of benchmarks can reduce the distortion of incentives away from
the cost-minimising abatement choices. Such distortions can occur under a trading scheme
where—for whatever reason—allocations are updated to reflect recent activity, including
allocations to new entrants and surrender of allocations by closed sites.

1.2 Overview of benchmark methodologies

1.2.1 Allocation Benchmarks—General Considerations

When considering alternative benchmarks for use under the EU ETS, it is very important to bear
in mind the restrictions that have been placed on allocation approaches by the European
Commission. In particular, all allowances must be allocated to covered installations in advance
of the period in which they will be used, and allocations cannot subsequently be changed within
a period. As a consequence, some of the simpler forms of benchmarking, which use actual
current activity levels to determine emissions allocations, cannot be used.

One of the main attractions of a benchmark approach to allocation is that benchmarks can be
used to reward sites that are “best-in-class”. If output-based benchmarks are used, for example,
then the site with the lowest specific emissions will be in the best position to sell allowances and
benefit from the use of clean or efficient technology. However, for this reason, the
determination of what constitutes the reference “class” becomes extremely important. Two sites
producing identical quantities of an identical product may not be covered by the same
benchmark if the methodology distinguishes between different technology types or vintages. In
such a circumstance, the higher-emitting site may receive a higher allocation than the lower-
emitting one, and the best-in-class site is no longer rewarded in the same way.

This situation may not necessarily be undesirable on balance if there are other reasons for
distinguishing between such sites. Providing a uniform benchmark may yield very large
differences in the burdens of the EU ETS and thus be considered undesirable from an equity
perspective. Thus, as discussed in more detail below, there are tradeoffs between the different
evaluation criteria, some of which may become more important depending on other features of
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the allocation approach. In particular, if allocations are updated in some way over time
(including allocation to new entrants and shutdown forfeiture, allocations that are adjusted to
reflect recent performance or growth, adjustments or renegotiation of benchmarks or targets,
and modifications of the allocation methodology), the efficiency effects of alternative
benchmark approaches can differ.

The choice of a benchmarking approach involves the selection of a variety of parameters
including, but not necessarily limited to the following:

* Input, output or capacity benchmark. The benchmark emission rate can be defined
as emissions per unit input or emission per unit output. It is also possible to define
a benchmark in terms of capacity, often in conjunction with assumed utilisation
rates.

- Output measure. For some sectors, different output measures are feasible.

- Energy efficiency. Efficiency can also serve as a benchmark, since it describes
the rate at which useful energy is extracted from an energy source, or the
energy consumption per unit of output.

* Basis for benchmark rate. The benchmark rate can be set on the basis of various
criteria, including the “best” technology available, the industry average, or some
projected level.

* Subsector categories. A benchmark rate can be differentiated for multiple
subsectors or other categories within a sector. Categories can be defined in
different ways (e.g., fuel use, technology).

* Historical, projected or updated activity. The activity (e.g., output, input) used in
the benchmark formula for each facility can be determined in various ways
including historical (e.g., 2002-2004), projected (e.g., projected 2008 level as of
2005), or updated (e.g., 2008 levels in 2012).

Thus, emissions allocation benchmarks can take any number of forms. The most
straightforward are input- and output-based approaches that multiply a site’s process or energy
input or its output by an emissions factor. These types of benchmarks often are used in
conjunction with relative trading schemes (also known as “averaging” schemes), where there is
no absolute cap, but only a target for a specific emission rate.

As noted above, because the EU ETS has an absolute cap, and because all allocations must be
determined well in advance of knowing actual input or output levels, it is necessary to specify in
advance the input or output levels to be used. This makes it more difficult to ensure that one
rewards “best-in-class” sites, since it will be possible to under-allocate to these sites if their
output (or input) is under-estimated, and conversely it will be possible to over-allocate to sites
that are not best-in-class if their output (input) is over-estimated.

In this report, we use the term “output-based” benchmark to refer to any benchmarking
approach where a site’s allocation is based on its actual or expected output levels. This output
may be of a site’s “final product” (for example, tons of a certain chemical product, or number of
vehicles), or the output of interest may simply be the electricity and useful heat produced at
covered units on the site. In one simple benchmarking approach the output used might be the
actual output in the current (or just-ended) year. However, this approach will not be possible
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under the EU ETS because of the need to know allocations in advance. Similarly, an “input-
based” benchmark is one where an installation’s allocation depends on the amount of inputs
used—where input could be tons of feedstock, or it could be expressed in terms of MWh of
input heat energy. Again, input-based benchmarks may use actual measured data or they may
be based on projections.

It is important to note that the current report is not concerned with the level of the “cap” to be
set by the UK under Phase II of the EU ETS. Nor is it within the scope of this report to consider
the overall sector-level allocations under Phase II. Indeed, even where specific parameter values
are identified as potential benchmarks, these values need not determine the overall sector
allocation, because the sector allocations and total allocation may be “scaled” up or down to
match whatever totals are ultimately set by government.

If a benchmark is based on BAT or best practice it is likely to give both total sector and average
installation allocations much lower than the actual emissions and much lower than the Phase 1
allocations. Therefore, most of the individual sites will see much smaller allowance allocations
than their Phase 1 allocations. As noted, it is not the purpose of this study to recommend
overall target levels of emissions from specific sectors or from sectors covered by the EU ETS
as a whole. Thus, the benchmarking approaches considered in this report do not by themselves
determine the overall total number of allowances made available by the UK government, nor do
they determine “target emissions levels” for specific sectors.

Figure 1.1 lllustration of transition from grandfathering to a benchmarking approach

Allocation in 2008 Allocationin 2012
SR SEE—— basedon |_________ based on
"grandfathering” benchmarking

Annual allocation of CO2
allowances per unit of output

2008 2009 2010 2011 2012

Year

We also do not consider possible transitions between Phase 1 and Phase 2 allocations. Figure 1
shows one possible transition from various sites’ Phase 1 allocations (the majority of which are
determined by emission grandfathering) to a benchmarking approach. Each site receives its
Phase 1 allocation in 2008, and a “fully benchmarked” allocation in 2012, with the allocation
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decreased or increased each year within this period to allow a transition. Figure 1.1 illustrates
how a transition approach could look schematically for a number of sites. By 2012, all sites
receive allocations based on a single specific emissions parameter value. Any number of
similar transitions would be possible, over shorter or longer time periods. When considering
benchmarking approaches, it is important to keep in mind the possibility of such transitions, as
well as the possibility of “scaling” the total sector allocation to match some externally
determined “cap”.

The scope of the current study is not intended to evaluate this or any other possible “bridging”
or “transition” alternatives. The focus of this study is on the benchmarks themselves. We do not
offer any recommendations regarding whether such benchmarks should be used in “pure” form
or combined with the one of the transition mechanisms.

1.2.2 Generic type of benchmark based allocation methods

The concept of benchmark can mean several things, in relation to allocation methods, a
benchmark is a value for certain parameter e.g. CO, emissions per tonne of cement produced. In
the current study we have used the concept benchmark approach or benchmark methodology to
describe an allocation formula with one or more benchmark values included.

The illustration below outlines the alternative ways of using benchmarks in defining the
allocation methods. It shows a decision tree starting with answering yes to the question of using
benchmark in some form for the allocation method.

As the objective of this project has been to investigate the feasibility of using benchmark as a
basis or input for the allocation in the EU ETS Phase II, the project has focused on the four
generic forms of benchmarks.
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Type 1. Standardised output-based (or capacity-based) benchmarks - fully
standardised with average sector load factors by sector or disaggregated by
products within a sector.

Type 2. Output-based benchmarks with site specific load factors based on historical
activity.

Type 3. Input-based benchmarks

Type 4. An approach with site-specific energy efficiency factors based on sector
benchmarks, applied to emissions. An approach similar to one used in the Dutch

NAP.
Type 1
Allocation = Output * Benchmark emission factor
Output = Capacity; * Load factor
Benchmark emission factor = BM emissions per unit of output  or
Benchmark emission factor = BM specific energy consumption * emissions per
unit of fuel
Where
Load factor is standardised (average for sector)
Capacity; is site specific information
BM emissions per unit of output is a CO, benchmark
BM specific energy consumption is an energy efficiency benchmark
Type 2
Allocation = Output * Benchmark emission factor
Output = Output; (i = installation i) or
Output = Capacity; * Load factor;
Benchmark emission factor = BM emissions per unit of output  or
Benchmark emission factor = BM specific energy consumption * emissions per
unit of fuelt
Where
Load factor; is site specific
Capacity; is site specific information
BM emissions per unit of output is CO, benchmark
BM specific energy consumption is energy efficiency benchmark
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The load factor has to be estimated and it can in principle be based on historical activity or on
projected activity.

For both Type 1 and Type 2, the benchmark Emission factor can be either a CO, benchmark or
energy efficiency benchmark.

Type 3
Allocation = Fuel input; * Benchmark fuel emission factor

Where
Fuel input; is site specific fuel use

Benchmark fuel emission factor is a fuel emission factor typically natural gas

Type 4
Allocation = Historical emissions; * Benchmark based correction factor

Benchmark based correction factor = Benchmark index value /
Installation index value;

Where
Historical emissions; is site specific historical emissions

Benchmark index value is an industry benchmark value for CO, emission or
energy consumption (typically an index value)

Installation index value; is the same type of measure but the value is the site
specific performance

The UK NER methodology is for most sectors a type 1 method; i.e. a capacity-based approach
in which output is based upon a standardised load factors. The allocation approach for
incumbents in the Netherlands is a type 4. An input based allocation methods is a kind of last
resort as it gives little room for differentiation of the allocation, only by using a benchmark fuel
emission factor, there can be a difference between sites.

1.2.3 Determination of Activity Level

There are a number of possible ways of defining the activity level used within a benchmarking
allocation approach making projections. As noted, a simple approach would be to multiply an
installation’s capacity by some expected load factor. Many of the benchmarks developed for
new-entrants by FES follow this framework. It may be reasonable to expect that all new
entrants should have similar operating characteristics, and therefore that load factors will be
close to some projected average for a given technology type or “class”. For incumbent sites it
may not be as reasonable to assume that sector averages apply—particularly since prior
information about incumbent installations is already available. For incumbents, therefore, it
may be appropriate to consider historical information—for example, historical load factor, or
load factor relative to other installations within the appropriate class.

Of course, historical activity is not necessarily an indication of future activity. In the power
sector, for example, coal stations that previously had run at high load factors in the absence of
CO, prices may no longer find it profitable to operate at such high loads. In some sectors
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modelling capability may be sufficiently well-developed that it is possible to project what
individual installations or types of installations will do under the EU ETS. This would limit the
potential for over- or under-allocation to these sites.”

1.2.4 Relationship of Benchmark Basis to Benchmark Classes

Benchmarking typically involves the division of allocation recipients into categories that may
depend on broad sector or sub-sector, specific output produced, or individual technology type or
process used—possibly down to the level of specific technological vintages. Whether two
different installations are classified together for purposes of benchmarking or separated into
different groups can have very significant effects on the allocations received and on the
characteristics of the benchmark methodology. For example, if all combustion sources are
classified together and each one’s allocation is determined by its capacity and a generic average
load factor, the benchmark will essentially be a capacity-based benchmark—even though it
nominally incorporates output information. If sources are grouped according to the type of fuel
they burn and a group-specific average load factor is used, then the benchmark may begin to
resemble an output-based benchmark. The application of different efficiencies (and emission
factors) for different fuel or technology types can shift the benchmark towards a benchmark
based on project input (or emissions). However, if average values for efficiency are used at the
level of the technology or fuel class, then within a particular class the benchmark will still
essentially be based on capacity.

The different factors applied to different classes of installation may be intended to reflect actual
expected differences in their utilisation or emissions, but they may also be chosen for other
reasons—for example, to ensure that the total amounts allocated to certain classes of site do not
give one or another class an advantage. For example, even if emissions factors are differentiated
by fuel, there is no requirement that the emissions factors be set to match each fuel’s actual
emission factor, or that any reduction in emission factors be applied equally to each fuel

1.2.5 Experience from other Member States

Most of the other member states have developed benchmark approaches for new entrants; often
quite simple output-based benchmarks. The fact that the expected number of new entrants are
low have allowed a less detailed approach as will be required if benchmarks have to be applied
to incumbents as well.

The experience from the Netherlands and Germany is worth mentioning. In both countries
benchmark have also been applied, at least partly, in the allocation under Phase 1. In the
Netherlands, an existing scheme, the Energy Efficiency Covenants was already established and
the most energy consuming companies were participants.

The allocation method is the one described and named as type 4 above, see section 1.2.2. The
benchmarks were existing industry benchmarks such as the Solomon Energy Intensity Index for
refineries or they were developed as part of the energy covenant.

2 Of course, some allocation methodologies may be designed to compensate installations and technologies
that are forced to be used less as a result of the new price on CO,, so it may not always be preferable to
base allocations on future projections.
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In relation to the use of the benchmarks in the NAP for Phase I, the principle was that the
correction factor would be in the range between 0.85 and 1.1. It means that no site was assumed
to be better than 10% above the benchmark and no site worse than 15% below the benchmark.
The 0.85 was used as a default value applied in cases where the site would not enter a
benchmark scheme or where a benchmark was not developed. It was therefore possible to apply
this approach to everybody.

One drawback of the approach is the confidentiality issue; the benchmarks are not publicly
available and the individual sites performance score under the benchmark approach is also not
available. In for example Finland, the confidentiality issue prevented this approach from being
applied.

In Germany, incumbents have had the choice between the grandfathering approach and being
benchmarked. About 500 sites have chosen to go for the benchmark approach. It is still too early
for the more extended evaluation of the approach to be available. What is special about the
German approach is the choice of projected output as the main activity measure. It has probably
only been possible due to the simultaneous introduction of a ex-post correction mechanism, so if
the companies projected output exceeds the actual realised output and the allocations therefore
have been too high, the company has to return the allowances. The ex-post correction is most
likely not in compliance with the directive and therefore, this approach is not to be
recommended. However, the experience from applying benchmarks to a large number of
incumbents will be interesting to analyse once they are available.

Most member states have not yet decided what approach to apply for Phase II. Currently,
indications point to the use of output based benchmarks as key approach to Phase II.

1.3 Evaluation of benchmarks

1.3.1  General Evaluation Principles

This section outlines the broad principles to be used to evaluate the benchmarks developed for
this study. These principles have been identified by DTI. This section also introduces various
potential positive and negative features of different generic benchmarking approaches.

Note that the purpose of the present study is not to set the overall emissions allocation for
sectors covered by the EU ETS or to set the total allocations to individual EU ETS sectors. We
assume that these decisions are political ones that are made largely independently of the
decision about which particular benchmark to use. Furthermore, we assume that the total levels
of allocation made in other Member States are independent of each other. This means that the
price of emissions allowances, which is the same across Europe, is unaffected by the specific
benchmarking approach chosen.

1.3.1.1 Simplicity, Transparency and Standardisation

These three criteria are closely related. Transparent benchmarks will be those that are relatively
easy to understand, and therefore are more likely to include fewer parameters. Assessments of
transparency may differ depending on whether the evaluator sits within or outside a particular
sector—certain “sector-specific” factors may be second-nature to observers within one industry
but may be obscure to those outside it. To the extent possible, transparency is better served if
benchmarks do not require specialist knowledge. Data should be obtained from a consistent
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source for all sites. Differentiation between installations and sectors will be kept to a minimum,
so that there is no need for access to detailed site-specific information that is not easily
verifiable.

Benchmarks that do not adhere to these principles may be difficult for industry to understand
and will be difficult to apply. They may be more subject to manipulation or gaming. Rightly or
wrongly, complicated benchmarks also may be perceived to confer some element of special
treatment on particular technologies or recipients by those less familiar with a sector. The
equations and emissions factors should be replicable by a third party through provision of
sufficient information and a clear audit trail. References and methodologies should be clearly
documented. Ideally, a benchmark should be clear, unambiguous and legally consistent such
that there are no loopholes or scope for manipulation of the rules at the installation, company, or
sector level.

1.3.1.2 Feasibility

One goal of many benchmarks is to provide a way of accurately projecting what the “need” of a
site will or ought to be, and the level of accuracy can vary substantially depending on the data
used and the detail of any system-level models developed. Some more accurate approaches
may not be feasible to apply, or may involve too many site-specific factors that cannot be easily
measured or that may be subject to change. Or the approach may simply involve too much effort
to be developed given the available time and resources. Ideally the method should account for
practical issues such as ease of implementation by government and industry, data requirements,
quality procedures, verifiability and installation-specific concerns (e.g. affordability and
reliability of data-collection requirements).

In addition to technical feasibility, the political acceptability of benchmarks may also depend on
the economic feasibility of meeting specific implied benchmark targets for individual sites and
sectors. Although under a trading scheme, the “targets” implied by any benchmark need not
constrain a site’s actual emissions—participants in the trading scheme may always purchase
additional allowances, after all—benchmarks that appear to under-allocate or to go beyond
maximum potential for emissions reductions may be perceived as excessively burdensome. One
way of assessing the level of burden imposed by a benchmark can be to estimate the marginal
abatement cost of achieving the implied target level.’

1.3.1.3 Verifiability

The data used to determine the benchmarked allocation must be of sufficient quality. The
benchmark guidelines should help guide operators of installations towards obtaining data of
sufficient quality to satisfy an independent accredited verifier.

1.3.1.4 Consistent with Site Need for Allowances

Benchmarks that are quite general or that do not incorporate site-specific information run the
risk of not providing sites with an appropriate number of allowances. In some respects this may
be desirable—sites intentionally may be allocated fewer allowances than they need if they are
not employing “best practice,” for example. The point of a trading programme is that sites need

3 The marginal abatement cost is the change in total cost resulting from a one-unit decrease in emissions.
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not receive precisely the “right” number of allowances, because they can optimise their
operations taking account of emissions costs. However, if sites are allocated “too many”
allowances, it may be a sign that the benchmarked approach is vulnerable to gaming, or has
assumed inaccurate load factors or emissions factors. On the other hand, it may be an
intentional feature of the benchmark to reward sites that go beyond typical site characteristics.

An important issue related to need is that under emissions trading, sites will have incentives to
reduce their emissions because they can benefit from selling any surplus allowances. In this
case they no longer “need” allowances to cover their emissions, but they may need the revenues
from allowance sales to cover the expenditure that allowed them to reduce their emissions.
Thus the meaning of the “meets need” criterion becomes more complicated the longer the
trading scheme is in effect.

1.3.1.5 Minimises “Gaming” and Perverse Incentives

Most of the incentives under emissions trading are mediated through the allowance price. As
noted above, we assume that the allowance price is determined at the European level
independently of the benchmark used. We therefore assume that the benchmarks chosen for an
individual country will not distort incentives through the allowance price. Even with this
assumption, there are a wide range of design options (not all of them directly determined by a
particular benchmark) that can create “perverse” incentives that would prevent the trading
scheme from realising its full cost-saving benefit. Examples of the types of perverse incentives
that are possible include:

» discouraging closure even when this is part of the least-cost abatement solution;
» favouring new entrant production over incumbent production, or vice versa;

* encouraging over- (or under-) production relative to the least-cost solution;

* encouraging shifts to a product or process in disproportion to its CO2 intensity;
 transfer of operations between member states in pursuit of high allocation;

e reorganising processes / altering equipment so that emissions are no longer
covered.

One of the primary attractions of emissions trading is that it can provide incentives for
participants in the aggregate to adopt the least-cost abatement options available to meet a given
emissions target. Some allocation approaches, including some benchmarking options, can act
against this feature of emissions trading. For example, if a stringent benchmark is applied only
to true new entrants, whereas a less demanding one is used for incumbents that make capacity-
changing modifications, this could skew investment towards existing sites, even though greater
emissions reductions could be achieved at lower cost by investing in entirely new plant. On the
other hand, if incumbents are not eligible for additional allowances when they increase capacity,
this may skew investment toward entirely new entry, even though incremental expansion could
be a better way to reduce overall emissions. Similarly, in some industries there may be scope
for shifting production of final products and intermediates (including process gases, and both
within a site and across sites) in order to maximise an allowance allocation—rather than to
minimise the cost of emitting to a certain level. Certain benchmarking approaches may also
make “leakage” of emissions to non-covered sources more likely. It is crucial that any
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benchmarking approach be evaluated with a view to limiting their potential to create such
perverse incentives. It may also be useful to undertake some form of quantitative assessment of
the consequences of any perverse incentives created for individual sectors.

There may be situations where there are trade-offs between different forms of potentially
perverse incentives. For example, forfeiture of allowances upon closure (and other forms of
updating) may deter sites from closing, and these are likely, all else being equal, to be dirtier
sites. However, while the “replacements” for installations that shut down may be cleaner new
entrants in the UK, they may also be (possibly dirtier) installations in other Member States, or
even installations outside the EU. This therefore leads to a trade-off between the perverse
incentives associated with updating, and those arising from the possibility of leakage of
emissions outside the UK, or outside the scope of the trading scheme altogether.

1.3.1.6 Provides Incentives for Best Practice and “Clean Technology”

As indicated in the discussion of gaming, benchmarks can provide positive and negative
incentives to invest in the “cleanest” technology. Under some circumstances, the “cleanest”
technology may not be the option that reduces emissions at the least cost—at least in the short
run. Government may have other reasons for incentivising clean technology, however, in order
to promote longer-term technological advance. One way of incentivising clean technologies is
to provide favourable (in relative terms) allocations to new entrants that employ them.

The first-order effects of any emissions trading scheme on incentives for clean technologies
arise as a result of the price of emissions allowances. As noted above, our starting assumption
is that the UK’s benchmarking methodology does not affect the allowance price across Europe.
As a result the effects that different benchmarking approaches have on incentives for cleaner
technologies are largely “second-order” effects. Most of these relate to the effects of updating in
one or another form.

If allocations are not tied to future firm activities, economic theory holds that the abatement
decisions made by operators will not be affected by the size of their allocation. This is very
important to keep in mind when assessing benchmarking incentives. If allocations are
benchmarked but kept fixed over time (or are not allowed to adjust based on subsequent
activity) then the level of the benchmarked allocation should not have any effect on operator
decisions about control technology, equipment upgrades, output levels, or closure decisions.
The opportunity cost of emissions (i.e., the value that could be obtained from sale of an
allowance) should affect incentives just as much as the “out-of-pocket” costs of allowance
purchases.

There are some important considerations that may alter this conclusion, however. The first is
that if future allocations to a given site are based in some way on its current output (or load
factor), sites will have more incentive to achieve a higher load factor. In effect, the potential to
earn future allowances reduces the opportunity cost of using current ones.* The resulting

* The case becomes considerably more complicated if we drop the assumption that the allowance price
remains constant. This could happen, for example, if a significant proportion of Member States adopted
updating allocation approaches. Under such circumstances, the market for emissions could adjust so that
the current price of allowances increased, which would incentivise additional abatement through the use
of technologies with lower specific emissions.
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incentive towards additional output is the same irrespective of which site produces the output—
provided the site is eligible to receive a future allocation at all.

A second consideration relates to whether allowances are forfeited upon shut-down. If
allowances are forfeited, this may reduce the difference between a benchmark that includes
output-based updating and one that does not. This is because shut-down forfeiture is a form of
updating. Its effect on incentives is to reduce the attractiveness of plant shutdown as an
abatement option.’

One important final point to note is that the level at which a benchmark is set is not as important
for incentivising clean technology as might initially be assumed.® To see this, consider a simple
emissions benchmark based on current output. If the benchmark were set at the industry average
emission rate, then sites that are worse than average will see their costs per unit of output rise,
whereas sites that are better than average will see their costs per unit of output fall (because they
can sell their surplus on the emissions market). The change in cost difference between the two
will be proportional to the difference between their specific emissions. If instead of being based
on the industry average, the benchmark were based on the “best-in-class,” then the worst
performers would see their per-unit costs increase even more, but now even relatively “clean”
sites would also have higher per-unit costs, and only the best-in-class would have no change in
per-unit production costs. The change in cost difference between the various types of sites
would still be proportional to the difference between specific emissions levels. The difference
between the costs of operating low-emitting and high-emitting plants would not change under
the alternative benchmarking levels. It is this difference that will determine the relative
incentives for operating each type of plant.

The above conclusion holds for various other forms of benchmarking. Where it may not hold is
when benchmarks are differentiated by sector or technology. For example, if one wishes to
compare different benchmark levels to be used for coal- and gas-fired power stations that are
based on either BAT for each technology or the average for each technology, the difference
between BAT and industry average may not be the same for each. Average CCGT emission
rates may be substantially closer to BAT levels than average coal rates. If coal stations are
allocated allowances based on the coal average, whereas CCGT stations receive allocations
based on the CCGT average, then the incentives will change (and CCGT will be better off,
relative to coal) relative to a BAT-based benchmark. Similar arguments can be applied when
making comparisons across sectors—the relative advantages (or disadvantages) of BAT vs
industry-average benchmarks will differ depending on how close a sector already is to its BAT
level.

> Closure rules are not included in the scope of the current study. However, one way of limiting the
impact of shut-down forfeiture is to allow operators to retain allowances from closed sites if they can
demonstrate transfer of production to other facilities. To the extent that this reduces the incidence of
shut-down forfeiture, it reinstates the distinction between updated and non-updated benchmarks.

® One reason that the level of the benchmark is less important—we assume that the ultimate decision
about the level of allowances to be distributed to a given sector is a political question to be determined by
government. Thus whether the benchmark is set at the level of BAT or the level of industry average does
not make much difference, since both levels will be scaled to match whatever targets government sets.
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1.3.1.7 Certainty

A benchmark regime that changes or that would be subject to frequent recalculation of
allocations as a result of operator action or government decisions could reduce confidence in
both the trading scheme and the market for emissions allowances. Uncertainty about allocations
will typically be an issue for subsequent Phases; although it could also arise within a given
Phase If a site makes changes that trigger the (re-)application of a benchmark methodology.
Any approach that updates allocations over time depending on future events will induce greater
uncertainty than one whose rules are set out far in advance and left unaltered. Even if rules are
set out well in advance, when there are adjustments made for new entry and/or site closure, this
is likely to create uncertainty for remaining sites because their allocations may be affected in
future periods. In addition, even if there were a stated policy of no updating, rational operators’
decisions will be based not only on stated policy but also on expectations of future policy. For
example, if allocation recipients believe that they will be able to negotiate adjustments to targets
or allocation methodologies, they will take this into account when making decisions, and they
will give some weight in their risk analyses to the possibility that policy would change. Such
hedging may carry additional costs, making the trading scheme less effective.

Certainty about overall allocation levels requires not only certainty about how allowances will
be divided among different recipients, but just as importantly requires certainty about the actual
level of total allowances. As discussed above, decisions regarding the total level of allowances
for the EU ETS and for individual sectors is independent from decisions about the proportion of
allowances allocated to individual facilities. One way of achieving certainty about the total
allocation would be to fix a “timetable” for the implementation of certain benchmarks, including
the specific levels to be used over time. If this were done it would be possible for the total
number of allowances to be allocated for free to deviate from expected levels (if, for example,
output projections turned out to be wrong). Within a given period, absolute installation-level
allocations could not be adjusted, but between periods this would be possible. To ensure that
total national allocations remained consistent with long-term projections, there would need to be
some provision made for uncertainty.

If this type of approach were taken operators would have a reasonably good idea of how many
allowances they would need to purchase per unit of activity level in any given period—but they
would not necessarily know their absolute allocations over the longer term, between periods.
For some operators, this type of “relative certainty” could be nearly as important as the
“absolute certainty” associated with knowing one’s total allocation over a longer term.

1.3.1.8 Consistency with Other Member States

The EU is an increasingly integrated economy, with goods, services, and investments flowing
relatively freely. One concern of the UK government (and of other Member State governments),
is that an allocation methodology could be used to confer advantages on one or more sectors in
a Member State, to the detriment of those sectors’ competitors in the UK. Although allocation
decisions have been left to each Member State, it may be important to consider whether a
particular approach to benchmarking appears to be at odds with the treatment in other Member
States. An important source of information about potential conflicting approaches that distort
competition are UK industry representatives. Consistency with other Member States’ allocation
principles will be easier to assess if the benchmarks are readily comparable—for example, if
they use the same parameters it will be easier to compare the specific parameter values used. It
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is also important to compare how individual sectors are defined and how installations are
grouped within sectors.

1.3.1.9 Consistency with Energy White Paper

The goals set out in the government’s energy White Paper include the maintenance of security
of supply while achieving environmental targets and keeping costs to a minimum. They also
include a commitment to competitive markets. By its nature, a well-functioning trading scheme
should reduce the costs of achieving environmental targets, subject to the qualifications noted
above with respect to perverse incentives. Moreover, it is clearly consistent with the
commitment to markets. One way of promoting security of supply is ensuring a broad fuel mix,
and this may point towards a benchmarked approach that acknowledges the different GHG
characteristics of different fuels.

Any benchmarks that are ultimately used will play a key part in ensuring the integrity and
fairness of the emission trading scheme. We have begun preliminary evaluation of the
benchmarks outlined below, but this cannot be completed before the technical development and
assessment has been completed.

1.4  Structure of the analysis

1.4.1 Sector definitions

Below, the sector definitions and allocations are shown. It is the sector categories used in this
study, where some of the sectors are merged into one. The sector “Other Combustion” includes:
Food and Drink, Engineering & Vehicles, Services and Others. The definition of the various
combustion activities that has been applied in this study is presented in the beginning of the next
chapter, Chapter 2.

Table 1.1 Phase 1 allocations by sector

Annual % of sector Annual Average Annual % change
Allocation total allocation to annual emission between annual
Before allocated to existing emissions s (2003) emissions in
Subtracting New Entrant installations (1998-2003) 2003 and
NER Reserve (i.e. after annual total
(NER) NER) allocation

MtCO. % MtCO. MtCO. MtCO. %

Power Stations 144.7 4.9% 137.6 155 174.3 -17.0%

Other combustion 7.5 6.7% 7 6.2 7.4 1.4%

Refineries 19.8 2.0% 19.4 17.7 18 9.8%

Offshore 19.1 8.0% 17.5 16.8 17.6 8.2%

Iron & Steel 23.3 14.4% 19.9 18.3 19.8 17.5%

Cement and lime 13.9 15.1% 11.8 11.4 12.2 13.9%

Chemicals 10.1 6.8% 9.4 9 9.4 7.5%
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Annual % of sector Annual Average Annual % change
Allocation total allocation to annual emission between annual
Before allocated to existing emissions s (2003) emissions in
Subtracting New Entrant installations (1998-2003) 2003 and
NER Reserve (i.e. after annual total
(NER) NER) allocation

MtCO, % MtCO, MtCO, MtCO, %

Pulp & Paper 4.7 9.6% 4.2 4 4.7 -0.1%

Aluminum 3.1 2.4% 3 2.7 2.8 9.1%

Glass 21 7.9% 2 1.7 1.9 11.7%

Other Oil & gas 1.9 16.9% 1.6 1.4 1.9 1.5%

Ceramics 1.8 3.3% 1.8 1.7 1.8 2.4%

Total 252 6.6% 235.2 245.9 271.8 -7.3%

Source: Defra 2005

The number of installations has importance for the administrative costs of implementation of the
scheme. The Annex 1 sectors are generally the sectors with the largest emission both as a sector
and average per installation. Other Combustion includes as large number of installations but the
total emissions from the sector are low and therefore, the average emissions per installation are
low. This could for example indicate that a very simple approach should be chosen for that
sector.

Table 1.2 Number of installations and average allocation per installation

Sector No of installations % distribution Phase 1 allocation
per installation

Power Stations 123 12% 1,118,925
Other combustion 401 38% 18,119
Refineries 12 1% 1,616,061
Offshore 109 10% 160,781
Iron & Steel 14 1% 1,424,879
Cement and lime 23 2% 513,014
Chemicals 104 10% 90,718
Pulp & Paper 83 8% 51,170
Aluminum 1 0% 2,933,386
Glass 31 3% 59,930
Other Oil & gas 33 3% 49,059
Ceramics 112 11% 15,765
Total 1046 100% 225,063
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1.5 General assessments for all sectors

1.5.1 Load factor by sector

Variability of utilisation rates or load factor is an important consideration in the selection of
benchmarks, and it enters the evaluation in two different ways. At the sector level, different
sites within the sector may have different average utilisation rates (where these averages are
taken over the baseline period). For example, in the electric power sector, peaking plants will
on average have a much lower utilisation rate than plants supplying base load power. On the
other hand, in many manufacturing sectors, utilisation rates may be very similar across all sites
(with the possible exception of sites that have just opened or are due to close). Where there is a
relatively constant load factor across all sites in a sector it may be appropriate to use a standard
assumption about utilisation rates for all sites.

Where there is significant variation, the use of a standardised rate is likely to overallocate to
some plants or underallocate to others (or both), and this divergence between allocation and
emissions is unlikely to serve any reasonable aim of government. In sectors where there is
variation, there are two alternatives. The first is to determine whether there is a bi-modal or
multi-modal distribution of activity levels, which would make it possible to sub-divide the
sector and assign standard utilisation rates to each sub-sector (the power sector could provide an
example of this type of case, where base load, peaking, and shoulder plants may each have
different characteristic utilisation rates). The second option is to revert to site-specific historical
information about utilisation rates (or some other activity level).

Historical site-specific information is likely to reflect unobserved characteristics of the plants
that determine how often they run, and this may provide a reasonable indication of how often a
given plant is likely to run in the future. However, this is where the second type of load factor
variability—variability over time at an individual installation—becomes important. In some
sectors it is possible that utilisation rates at any one installation vary more than they vary in
other sectors. Where this is true, it may be less appropriate to use historical information about
load factor, because it may not be indicative of future activity. If a sufficiently long time period
is used then the average utilisation rates may give a reasonably good approximation of future
activity, but the use of a longer period must also be weighed against the possible existence of
trends in utilisation.

Due to lack of capacity data, the site-specific load factors have only be estimated for a selected
sample of sites within each industry. An indication of the variability of load factors can be
obtained by looking the variations across time.

Below, the variations in annual load factors are shown by industry. The variations have been
estimated for all the sites (incumbents) included in the Phase 1 of the EU ETS.
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Table 1.3 Variation over time in load factors by sectors

Sector Maximum variation in load factor
over the period 1998 to 2003

Power Stations 48%
Other combustion 21%
Refineries 13%
Offshore 26%
Iron & Steel 35%
Cement 7%
Lime 16%
Chemicals 25%
Pulp & Paper 39%
Aluminium 4%
Glass 45%
Other QOil & gas 59%
Ceramics 27%
Total average 28%

Source: NAP February 2005

Note 1) Maximum variation has been estimated for each site as: The difference each year
between the emissions that year and the average emissions for the whole period (1998 to 2003)
as a percentage of the average emissions. The sector average is a simple non-weighted average
across all sites in the sector. It is assumed that the variation in emissions reflect variation in
activity and that the capacities are unchanged and therefore, the variation in load is similar to
the variation in emissions.

Use of site-specific load factors will inevitably have to be based on historical data. The use of
historical data as a prediction of the future load factor is critical if there is trend in the level of
activity either a decrease or increase in the site’s activity.

A simple test of that has been made using the NAP data on emissions. For each site the trend
has been estimated as a simple linear regression through the six years observation. (Sites with
data for less than 6 years have been excluded but there is 70% of the sites that have data for all
years). The slope of the trend line has been compared to the average value for the load factor
over the 6 year period. The table below shows the share of sites where the slope coefficient
exceeds a certain level.
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Table 1.4 Frequency of a time trend in site specific load factors

Slope of trend line as % of average Share of sites high higher value of slope
5 25
10 11
15 6
20 3

Source: NAP February 2005

If the absolute value of the slope of a trend line is about 10% of the average load factor it could
imply up to a 50% difference between the first year and the last in 6-year period. If the load
factor would be based on an average of 6-year period compared to the average of last 3 years,
there could be a difference between the two values of about 25%.

The analysis shows that only for around 10% of the sites, the issue of a trend in development of
the site’s activity could potentially be an issue. For about 3% of the sites, the difference between
and average of the lowest 3 years and the highest 3 years could be up to 50%.
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2. Electricity Supply Industry (Generators)

2.1 Definition of combustion

The electricity supply industry is part of the Combustion Activities defined in the EU ETS. For
the analysis of the benchmarks, the combustion activities have been split. Industries and sectors
that account for a large share of the total emissions and have both combustion and process
emissions are analysed on a sector by sector basis. The remaining industries, where combustion
is the only emission generator (for emission currently included in the EU ETS), have been
divided into the generators and the “other combustion”. Thus, the combustion activities are
described in two chapters:

Chapter 2: The Electricity Supply Industry (generators)

Chapter 3: Combustion (other combustion including mainly industries and services with no
process emissions included in EU ETS Phase I)

In principle, the combustion activities can be divided according the purpose of the combustion
process:

* Generation of power (electricity)
e CHP
¢ Generation of heat (hot water and steam)

The sector definition used for the Phase 1 of the EU ETS groups plants where the main
objective is generating power under the heading ‘Power Stations’. These installations
correspond more or less with those listed as UK power stations in the DUKES. This analysis
considers the generation of power separately. The importance of the power stations in terms of
total emissions justifies this delineation.

The treatment of CHP is more complicated. Part of the difficulties relates to allocation issues
not addressed in this report. If there were sector specific caps on the total emissions, the sector
affiliation would be important for CHP sites.

There are very few CHP plants listed in DUKES as power stations, although the number of
smaller industrial CHP connected to the grid is much larger.

There are alternative ways to treat the CHPs. The Future Energy Solutions’ (FES) methodology
for new entrants is based on the power output and could as such be included as a technology in
the power sector. The requirement is that the CHP is so-called High Quality CHP and has been
verified in the CHP Quality Assurance (CHPQA) scheme.

" FES (2004), EU Emissions Trading Scheme — Calculating the free allocations for the New Entrants,
Report for DTI by Future Energy Solutions.
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Assuming that a large number of existing CHP participates in the CHPQA scheme it seems
feasible to apply the methodology to all CHPs. An alternative approach is to develop a
benchmark that combines the power and heat output and apply benchmark factors to each. This
approach has been taken in other Member States as the methodology for CHPs under the new
entrant’s provision.

Both alternatives will be considered in the analysis of CHP. The analysis of CHP is presented
separately in Chapter 3, though the conclusion might be that they could have the same
benchmarks as other power producers.

The complexities involved in the treatment of CHP leads to a need for a separate analysis,
which can not be completed before the solution for the industries has been found. Only then can
the difference be assessed between placing a CHP in the industry to which it provides heat and
power and treating it as a separate category.

2.2 Sector description

In 2003 the electricity supply industry (ESI) accounted for 65% of the total GHG emissions in
the UK covered by the EU ETS. The sector produces a homogeneous output® using a number of
alternative technologies and fuels.

Figure 2.1 UK supply of electricity by fuel 1995 to 2003
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Source: DUKES, 2004

In 2003, coal and gas each accounted for about 37% of generation while the majority of the
remaining was supplied by nuclear energy. The future development of the fuel mix in the UK
will depend mainly on fuel prices and policies such as the EU ETS, the Large Combustion Plant

¥ 1t could be argued that electricity produced at different times in the year or the day and in different
locations is not the same product.
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Directive (LCPD) and the Renewables Obligation. In the period up to the end of Phase 2 of the
EU ETS (2012) it seems likely that coal will remain a significant fuel source for the UK power
sector.

The main distinction of production technology is between combined cycle gas turbines (CCGT)
and more conventional thermal production technologies. Most of the recently constructed gas
fired plants are based on the CCGT technology, which has a net electrical efficiency over 50%
compared to 30%-40% for all other technologies. The average thermal efficiency (gross) for
CCGT plants in UK was 46% in 2003 compared to 36% for the conventional steam or open
cycle gas turbines (OCGT). Electricity generated by CHP represents only about 7.4% of the
thermally produced electricity in the UK in 2003, while the EU average is about 21%.

All UK existing coal fired plants are of a similar design (PF fired, sub-critica). There are small
differences in efficiencies between these plants, efficiencies being of the of the order of 35 to
36%., However, where FGD has been added, this leads to a reduction in efficiency of about 1%
to 2%

Gas-Fired CCGT plant design evolved rapidly following their introduction in the early 90’.
Early plant (before 1995) typically had efficiencies in the range 46-50%. Thereafter typical
efficiencies improved to 50-60% (with the newest plant at the upper end of this range). One
existing plant (Baglan - completed 2002) uses the latest GE Frame 9 "H-technology" employing
steam cooling of hot gas path components with higher efficiency (>56%). Any new CCGT plant
build is expected to employ steam cooling technology .

OCCT, also called simple cycle gas turbines, were built in the early 70’s and are generally
located at the large power stations where they provide peaking and black start capability.
Typically fired on gas oil (diesel) OCGTs have low electrical efficiencies given that they are run
with very low load factors (<0.1%).The Indian Queens OCGT is a more modern version (built
1996) with an efficiency of about 32%. Any new OCGT would most likely use high efficiency
gas turbines (with efficiencies of 35-40%).

Existing oil-fired power stations are large power stations built in the late 1970s/early 80’s. They
operate with very low load factors and where held on warm standby and run at low loads for
extensive periods will have low overall efficiencies. .
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Figure 2.2  Generation as Share of Total Thermal Output
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As discussed in Chapter 1, load factors can play an important role in different benchmarking
approaches. Over recent years load factors have distinctly changed. The trend shows a
decreasing load factor for CCGT plants, while the load factor for Rankine cycle plants’ has
increased slightly, leading to a convergence in load factors for the two groups of the
technologies. Among other factors, this has been due to the impact of NETA in combination
with the total power plant capacity, fuel mix and different operating costs for each plant type.

° A Rankine cycle plant is a power plant operating only on a steam cycle i.e not a gas fired combined
cycle plant in which the gas turbine operates on the Brayton Cycle and the steam turbine on the Rankine
Cycle...
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Figure 2.3  Historical load factors 1996 to 2003
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In the February 2005 version of NAP, there are 123 power stations included in the EU ETS;
these were operated by roughly half that many distinct companies. Only a few of these
companies operate both CCGT and conventional thermal plants.

2.21 Sector specific conditions

The electricity sector is characterised by being a regulated sector due to the nature of its
product. It means that an objective such as security of supply will play an important role in the
way the sector is regulated.

Recent policy changes that affect the industry include NETA, BETTA, RO and LCPD. Given
the technical limits on import and export of electricity and the lag time of implementing major
investments, the sector is constrained in short and medium term options for reducing emissions.

An example of a constraints on the sector is that currently coal plants are used for load
following. Coal power stations were designed with the capability to be two shifted. The CEGB
standard for all 500 MW and 660 MW sets was that they should be capable of reaching their
MCR in one hour from initial ignition of oil lances after an overnight shut down. The majority
of the CCGT stations in the UK were designed for base load running and not subject to thermal
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cycling. New CCGT plants now being considered are being designed for two shift operation.
Until there is an adequate portfolio of CCGT plants capable of two shifting and load following,
operation of the existing coal fired plant will be required.

It is without the scope of the current study to assess in detail the impact on the sector of
alternative allocation methods. This chapter focuses on alternative benchmarks that can be used
in defining allocations. Given the importance of the sector, there is clearly a need for further
work that will look into the actual allocations and how the use of benchmarks will impact the on
sector.

2.3 ESI Contacts and Data Availability

2.3.1 ESI Contacts
The following organisation in the sector has been contacted:

* Association of Electricity Producers (AEP)

There has been one meeting with AEP presenting the overall scope of study and receiving
comments and opinions on benchmarking in the industry. The data and comments provided by
AEP have been used to inform the assessment and development of benchmark allocation
methods.

2.3.2 Data Availability

A range of data sources on power generation and CO, emissions have been obtained and
reviewed, as follows:

* FES report on benchmarking, including methods for Electricity Supply Industry,
CHP units, and boilers

e NAP submission forms for the power stations

* Digest of UK Energy Statistics 2004

* European BREF on Large combustion plants

* Papers on allocation methodologies from other member states

The above data sources have been useful in assessing the total electricity production, historical
load factors and emissions for the sector.

2.4 Benchmarks

2.4.1 Existing benchmarks
The benchmark allocation scheme developed by FES for new entrants (NER) under Phase 1 is

determined by the following formula:

Allocation; = C;- LF"

tech

BAT
'EFXHS/ ntech ’
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where
i is an index for the installation;
G is the installation-specific output capacity in MW,;
is the technology-specific load factor based on historical data;

EF,, 1isthe input fuel emissions factor of natural gas (tCO, / MWh,); and

BAT

N.., 1s the technology-specific net electrical efficiency (MW, / MW,)

As the formula indicates, capacity depends on the actual capacity of the new entrant. Other
factors are not specific to the actual site, but use generic technology- or fuel-specific factors.
The specific parameter values used for load factor (“LF”’) were based on historical load factors
for each technology type—this is represented in the formula by the superscript “H”. The
technologies included in the NER methodology are CCGT, Single cycle gas turbine (OCGT)
and Steam turbine.

The energy efficiency values (“#”) are intended to reflect BAT for specific technologies—this is
indicated by the superscript and subscript. The emission factor benchmark (EF) applied to all
new entrants is the emissions factor for natural gas, regardless of what fuel the site actually
burns. (Section 2.4.3 presents the actual values used for each parameter.)

The NER methodology uses projected output based on capacity and a technology specific load
factor, but because it also includes an efficiency parameter, the resulting benchmarks are closer
to those that would be derived from a benchmark based on heat or energy input than they are to
output-based benchmarks.

An adjustment option for the effect of the sector cap is also included in the approach.
Attempting a more equal treatment of new entrants compared to incumbents, the new entrants
allocations could be adjusted with the same factor as the incumbents.

2.4.2 Experience from other EU member states

Other member states have used roughly similar approaches. The German, Dutch and Swedish
approaches to new entrants have all been considered under this assessment.

In the German NAP, the formula for new entrants in the electricity supply sector is output
based:

Allocation; = C; - LF,"**>7 . EF 2™

tech

Where
i is an index for the installation;

C; is the installation-specific output capacity in MW;

LEP2005_7 is the projected peak hour load factor; and
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EF 2 is the emissions factor of natural gas per electricity output (tCO, /
MWh):

Thus, under the German methodology, the load factor is based on a projected average peak hour
utilisation. The German methodology is unique in applying the projected load factors. This has
been possible through adding an ex-post adjustment procedure. However, such ex-post updating
is not in line with directive requirement and the EU Commission has taken legal action against
this.

As a comparison of the formulae suggests, the primary difference between the German and
NER methodologies for new entrants is that under the German plan the load factor is site-
specific and projected whereas the NER is average by technology and based on historical loads.

The Netherlands has not developed a specific formula for new entrants. From the description of
the principles, it follows that the allocation will be based on average load factors and thus very
close to the NER methodology.

For Sweden, the allocations to new entrants in the electricity supply sector are based on an
average benchmark for some generic groups of technologies. The benchmark is calculated as
the total emission from condensing power plants, combined heat and power and back-pressure
installations in the electricity supply industry divided by the total electricity generated from the
same group of plants.

The Swedish allocation principle is thus slightly different from the others. The magnitude of the
difference between a BAT benchmark and an average benchmark depends on the variation of
emission within the industry. As only a small share of the electricity in Sweden is generated at
thermal plants and given that 95% of the thermal plants operate as CHP, the variation within the
group is relatively small. Therefore, the average benchmark is close to a BAT benchmark, but if
an average benchmark was applied in the UK, such an allocation method would give a different
result compared to BAT based benchmark due to the variation in the generation portfolio.

2.4.3 BAT and other specific values for efficiency and emissions

This section explores in more detail the specific parameter values used in the NER Phase 1
benchmarks for new entrants. As shown in the formula above, section 2.3.1, the NER
benchmark includes three parameters whose values need to be determined:

¢ Load factor,
* Electrical efficiency, and

¢ Emissions factor.

2.4.3.1 Load Factor

As the NER methodology was developed for new entrants, using average load factors estimated
by the load on similar existing plants was a reasonable assumption. FES’s allocation
methodology for new entrants sets out load factors for each separate technology type (“LF,.;” in
the benchmark formulae). However, FES has assumed very low load factors for existing plants
that qualify for a new entrant allocation (either steam/gas or CCGT). The reason for this
assumption is that under the current new entry rules, “existing plants” will only be eligible for a
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new entry allocation if they have “returned to service after being mothballed”. This assumption
is not appropriate for true incumbent sites. The benchmarks proposed below therefore use
either site-specific load factors (“LF;”) or load-factors that are the same as those used for new
plant.

Some plants are operated in base load and thus have high load factors while others enter
production only at peak demand. Though there seems to be less variations for CCGT plants, as
most of these plants are operated as base load, there are still examples of large deviations from
the average load factor. The coal-fired plants currently have a lower average load factor and a
large variation across individual sites, see table 2.1 below.

For electricity generation, it may be preferable to use actual load factors to avoid over-allocation
to sites that operate only during peak periods. One alternative to site-specific load factors would
be to classify plants according to how they are operated (e.g., as base-load, two shift/load
following or peak). Having such categories could prevent some of the distortion. In section
2.3.4, there is a further discussion of alternative ways to estimate the load factor.

Table 2.1 Load factors relevant for Power Station Benchmarking Approaches

Technology Types Average load Variation in site specific load factors
factors used in
NER approach
Lowest Highest
Existing steam turbine 0.41 0.30 0.91
Existing CCGT 0.72' 0.20 0.90

Source: FES 2004 and consultant’s estimation based on NAP data
Note 1) Consultants assumption

Table 2.1 shows the values used in the NER methodology and they are referred to as average
values for each group of technologies. The variation in load factors displayed in the table comes
from our analysis of the NAP data. It shows that there can be factor of more than two between
the average and the lowest and highest load factors.

If site-specific load factors are to be used they could be based on either historical data (for
example, output data are reported every year as part of the official compilation of energy
statistics) or on forecasted output (for example, the projections prepared by DTI or others).

Neither solution, historical or projected is simple to implement, see section 2.3.4 for a
discussion of load factors.

2.4.3.2 Electrical Efficiency

The specific values of interest are the thermal electrical efficiencies linking fuel input and
electricity produced. The thermal efficiencies vary significantly by technology. Thus, an
important overarching consideration in the setting of benchmarks is the number of different
technology types or fuels to distinguish and requiring a separate benchmark. We address this
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question in the evaluation section. In this section, we simply review some of the key data to
determine what level of disaggregation, if any, is feasible.

The Association of Electricity Producers has suggested the following categories:
* Coal fired power stations without FGD
e Coal fired power stations with FGD
« CCGT
* OCGT
* Low load factor oil power stations
 CHP

This list includes a few more technologies than the methodology for NER'. One of the
important differences between some of the technologies represented here is that they have quite
different efficiencies.

The first issue to consider is the effect of FGD. Our assessment is that FGD will have an impact
in of 1-2 percentage points lowering of cycle efficiency. In an assessment, the AEP has
estimated the effect to 1.7 % points''. This is equivalent to a 5% reduction and therefore also a
5% effect on allocations using an approach where an efficiency benchmark of this type is
included. The possible relation between plants being fitted with FGD and their future load factor
is discussed below in section 2.4.3.

The OCGT and the low load factor oil power stations run with low load factors. They are used
to supply peak hour generation, or required to run due to transmission and distribution
limitations or a combination of the two as system bottle necks often occur at periods of high
demand.

To date there are relatively few large CHP plants with power supply to the grid as the main
purpose. Most CHP sites are small or medium sized and their primary objective is heat and
power supply to specific industrial processes. CHP is analysed separately, see section 3.3. It
should be mentioned that analysing CHP separately does not imply that the overall benchmark
approach can not be the same.

The FES report on new entrants includes a set of efficiency values described as more or less
BAT based. The values used by FES are similar to the values appearing in the Draft BAT
Reference note (BREF) for large combustion plants. Both sets of values are shown in table 2.3.
Only major difference is for new steam or gas turbines, where the BREF value is about 20%.
The difference in the values for new steam or gas turbines is due to the BREF assuming
supercritical steam cycles. None of the existing UK plants are of this type.

The BREF values present a range or in the case of existing plants an improvement potential.
There is a need to clarify the use of conversion efficiencies, though as discussed in section 2.3.4,

' The NER methodology includes also Supercritical steam turbine and IGCC as technologies. There are
no plants of these types among the incumbents.

' AEP (2004), Relating fuel consumption to CO, emissions; internal document.
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the potential implication on the allocations might be less than for other factors (load factor and
fuel emission factors). Only for CCGT, there could be an exception. There is a significant
difference between the first generation of CCGT and the latest ones; up to 10% points.

Table 2.2 BAT energy efficiency values for electricity generation (net efficiencies)12

Technology Types NER electrical BREF Other sources
efficiency factor

% % %
New CCGT 56.2 54 - 58 -
Existing CCGT 56.2 50 - 54' -
New single cycle gas turbine 36.5 - -
Existing single cycle gas turbine - - 10-25°
New steam or gas turbine 355 > 42 -
Existing steam or gas turbine 355 36 - 40' -

Notes: 1) The BREF states these values for existing plants or an improvement of 3% points as
BAT.
2) Existing OCGTs operate with low load factors and therefore have low efficiencies.

Source: FES 2004, BREF LCP Final Draft November 2004, Consultants estimate

Values for conversion efficiencies as presented in the table above are based on a number
assumption; for example that the plants are operated at base load. As the efficiency depends on
the load, plants operated at lower loads will not be able to achieve the stated efficiencies. The
Association of Electricity Producers (AEP) has completed an analysis of the relationship
between load and efficiency. If this effect should be included, the analysis by AEP provides a
functional relationship between load factor and efficiency.

With lower load factor, the efficiency decreases and the magnitude of the effect for a coal fired
plant would be about 2% points lower electrical conversion efficiency for a power station
operating at 30% load compared to one operating at 70% load. Given a benchmark efficiency
value of about 36% as an example, the effect of lower load factors could be an efficiency of 90
to 95% of the base load efficiency i.e. an efficiency of 34%.

2.4.3.3 Emission Factors

Below, the emission factors used in the NER methodology are presented. They are based on net
calorific values.

"2 It is assumed that these are net of both the losses in the generator transformer and the power stations’
own consumption.
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Table 2.3 Emission factors for fuel input

Fuel type Emission factor in kg CO. per kWh fuel input (net calorific
values)

Natural Gas 0.211111

Gas/diesel oil 0.263158

Fuel oil 0.273684

Steam Coal 0.315789

Other gases 0.222222

Other solid fuels 0.315789

Refinery gas 0.222222

Source: FES 2004

In some of the other Member States the benchmark formulae include a parameter to reflect the
emission per unit of output, rather than energy input; i.e. they reflect CO, per kWh of electricity
produced. This approach is less transparent than using an input-based emissions factor, because
it includes the implicit calculation input-based emission factor / electrical efficiency. However,
the resulting values are relatively close."” This is almost equivalent to the emission factor for
natural gas and the CCGT efficiency as the denominator.

2.4.4 Alternative benchmarks

The NER benchmarks are primarily designed to be applied to new entrants. This project seeks to
review this methodology and expand it so that the potential benchmarking approach could also
be applied to incumbents and as such for the basis of an allocation methodology.

The discussion above has introduced the three primary parameters embedded in the NER
formulae: load factor, electrical efficiency and the emissions factor. Our assessment of the
extension of the possible use of benchmarks for electricity generators as an allocation
methodology is structured around these three parameters with the objective of identifying the
most generic form for these parameters. Having achieved this consideration of specific values
for these parameters has occurred.

In principle there are three broad ways of determining parameter values for use in benchmarks.
The values can be an average value for the entire sector, they can be differentiated in some way
by technology or product, or they can be site-specific. The source of the data used to define
these can be historical or can be projected (projections in turn can be ones that assume the
existence of emissions trading or other regulations such as BAT, or they can ignore them).

" In the German NAP, the suggested values range from 365 to 750 g CO, per kWh. Applying the same
implicit calculation to the FES values yields the following: for CCGT, 210 g CO, per kWh of fuel input /
efficiency of 0.56 equals 375 g CO, / kWh, ; for coal-fired plant: 316 g CO, per kWh / 0.36 equals 878 g
CO, / kWh,.
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Load factor

The NER formula could be applied to incumbents directly using the average load factors by
technology. However, looking at the actual historical load factors reveals that they differ
considerably within each type of technology. The use of average load factors would reward
plants that operate with low load even though they have less need for allowances. Therefore, it
is natural to consider site-specific load factors for incumbents or other alternatives.

Potential alternatives for load factor determination include:
* Technology specific standardised load factors

* Operation mode determined load factors (For example: Base or peak load or two
shift operation and spinning reserve)

 Site specific load factors based on
- Historical activity
- Historical activity with corrections (e.g. technology specific growth/decline)
- Historical activity

* Projected activity

In the calculation of the effect of alternative approaches some of these alternatives are tested.
The variation in load factors across the selected sites implies that the operation mode approach
can not be assessed quantitatively.

Using historical load factors present several problems. One problem with the use of historical
information is that for various reasons, certain historical periods may be deemed to be
unrepresentative of a site’s current or future activity. This has been an issue for the
development of the Phase 1 NAP. Another problem with the historical load factors for ESI is
that there may be developments that will change load factors in a systematic way. A number of
coal fired plants have already made or are soon underway with investments to secure
compliance with the Large Combustion Plant directive. Coal fired plants with FGD will operate
with less efficiency than non-FGD fitted plants. If as expected the plants fitted with FGD
increase their share of the production because of the LCPD, it could have notable effect on their
need for CO, allowances.

In principle such systematic changes in load factors could be included by a technology specific
growth factor, though the basis for setting the exact value would be controversial.

Recent policies such as NETA, BETTA and RO have significantly influenced the sector.
Historical load factors are therefore not particular representative as estimates of future activity.

Using projected activity might be more of a theoretical option than a practical one. Though
energy planning models can generate load factor projections, it will be difficult to use them in
an allocation scheme. The alternative mentioned above, modifying historical load by technology
specific factors reflecting expected changes in the future load is a mix of historical and
projected. The historical data indicate that load factors vary significantly across sites using the
same technology and therefore, such as approach will also not be easy. The modified load
factors would have to be balanced or scaled to give correct total level of activity. Whether a
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non-site specific projection approach, projecting load by technology (type of plant), could be
feasible needs to be further analysed.

The issue of determining the load factor is one of the most important matters for the ESI. There
is a variation in the load factor by individual installation, compared to the average, of more than
50%. Thus, the need for further work is evident and it should focus on exploring the options.
This should include looking at ways to account for historical activities to reflect some of
structural changes in the sector.

Electrical efficiency

With respect to electrical efficiency the question that needs to be addressed is whether the most
efficient technology should form the basis for the benchmark for all sites, or whether
efficiencies should be specific to technologies as under the NER approach. Given that a
technology based differentiation is needed, there are relatively well described benchmarks for
example in the LCP BREF which has also been the basis for the NER values for efficiencies
that have been applied in the illustrative calculations presented in the following sections.

Emission factor for fuel input

With respect to the emission factors, similar questions arise regarding whether different values
should be used for installations using different types of fuels. Here, we will analyse the effect of
using either the natural gas emission factor as the benchmark factor for fuel input or using input
fuel specific emission factors. It may be worth stating that bespoke emissions factors would not
be practical as an allocation methodology.

Definition of alternative benchmarks

The above discussion of generic benchmark alternatives leads to a number of alternatives to be
analysed. In principle, there is a large number of possible combinations of values for the three
factors. We assess the effect of load factor, electrical efficiency and emission factor by varying
each in turn starting from a base case of site specific load factors based on historical activity,
technology specific electrical efficiencies and natural gas as the basis for the emission factor.

Thereby, the effect of each factor is illustrated. For further work on benchmarks each of the
three factors should be analysed and determined by itself before looking at the final
combination. Such further analysis might identify a different combination as most prospective.

We take as the point of departure the NER formula presented above.

* Al: Site-specific historical defined load factors (average for “latest available 3 year
period”—2002-2004)

EF
Allocation, = C, ~L1’TI.H2°°2‘4 L sas

ntech

* A2: Site specific load factors based official projection of load factors (not all sites
have projected load factor)

EF
Allocation, = C, ,LFionos-7 L sas

nte(,'h
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e Alternative B Output based benchmark with capacity * load * benchmark
technology specific electrical efficiency * fuel specific emission factor per fuel
unit. Historical defined load factors (average for “latest available 3 year period”—

2002-2004).
EF,,

Allocation, = C, - LF* . <.
ntech

e Alternative C Output based benchmark with capacity * load * benchmark
technology specific electrical efficiency * benchmark emission factor per fuel unit.
The load factor is the average for each technology.

. _ Tech EFS“S
Allocation, = C, - LF " - ——
ntech

e Alternative D Output based benchmark with capacity * load * benchmark
technology electrical efficiency * benchmark emission factor per fuel unit.
Historical defined load factors (average for “latest available 3 year period”—2002-
2004). The emission factor will be similar for all and equal to natural gas.

EF
Allocation, = C, - LF,"**™ . e

n

Alternative C is closest to the NER methodology for new entrants. As this was developed for
new entrants, the assumption of using average technology-specific load factors is not
necessarily suitable for incumbents. Therefore, alternative Al and A2 could be interpreted as
close a translation of the NER methodology into use for incumbents.

Alternative B is the standardised benchmark that will be closest to match the need of the
individual site. Alternative C is based on average load factors and illustrates the effect of not
applying site specific factors. Alternative D uses a “pure BAT” approach to electricity
generation, in this case assuming that BAT for the sector is represented by a CCGT unit
operating at the highest theoretical efficiency rates; load factor would still be based on site-
specific projections.

All the above-described alternatives are output based benchmarks. Given that electricity is a
homogeneous product that can be measured, an output-based approach seems very feasible.

The alternative generic forms of benchmark based allocation methodologies, input based
benchmark approaches and the adjustment factor approach could also be applied to the ESI.

The input based approach is often close to the historical emissions and alternative B with
technology specific conversion efficiency and fuel specific emission factors based on actual
plant use will give results very similar to an input based approach.

The adjustment factor approach whereby historical emissions are adjusted by a correction factor
based on a benchmark and individual site performance against the benchmark could also be
applied.
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The adjustment factor would in practice be based on a benchmark that would include a
combination of a conversion efficiency and an emission factor similar to the analysis presented
above. It means that the benchmark could be either differentiated according to technology or be
defined as the most efficient technology. Similarly with the emission factor, it could be natural
gas or fuel specific. Using historical emissions substitutes the use of load factor multiplied with
capacity. Choosing the adjustment factor approach will therefore involve the same
considerations on the level of disaggregation and differentiation. The issues are similar to those
discussed above for the output based benchmarks.

The assumptions for the alternative benchmarks are summarised below.

Table 2.4 Benchmark methodology assumptions

Electrical
Load Factor Efficiency Emissions Factor
. he} e H
c c S c ] g7 o <]
5] o ®© o 17} i T =0
Benchmark = ST -5 'cé ‘“33 TE-E 508 S
Methodology & > a . Q= . © © X
o2 o3 . D O0T DO D (=} OLue -= O w o
t = nos n'E ® ng o 283 = ©— ]
ce ® o © 60 cfwm >0 e S0 Cew® co
88 &858 S88 SEg 2£5 gse  gES S @
Qg oS3 - 25 -6 > =0 2.2 0G = » S
'3 g o© 8L 3 TO® oS0 wog Lecwm (L1
L o4 L o4
o o 5 o 20 £ EQF "
- 4 3 | s T} 2 A
NER v v v v
Benchmarks
Al v 4 v v
A2 v v v v
v v v
c v v v v
v v v v

Site specific load factors are either the projected load factors based on the DTI energy
projections or based on historical load. Applying historical activity, the values for 2002 to 2004
could be used, and it would be preferable to use the latest data that can not be influenced by the
recipients. However, as previously mentioned, data in this period is not necessarily
representative of future operations due to the impact of NETA within the period and future
impacts of BETTA, the RO, the LCPD and the nuclear closure programme. Due to data
availability the calculations below are based on the average load factor for the three-year period
2000 to 2002.

' DUKES 2004, table 5.11.
'S Data provided by DTI.

'® As defined within the FES spreadsheets.
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Electrical efficiency based on installed technology (“7...”") applies FES’s values for energy
efficiency for specific technologies. The best efficiency factor (“4*™) is effectively an
efficiency benchmark, based on the highest available efficiency achievable, not relating
specifically to technology.

The fuel-specific emission factor (“EFy,,”) is dependent on the type of fuel in use, whereas the
“BAT benchmark” emission factor (“EF*") applies a natural gas emission factor regardless of
the actual fuel used.

2.45 Selection and description of representative sites

Most data for the electricity generators are available and we have made the assessment
including a selection of power plants comprising about 50% of production capacity in the power
sector and 70% of the Phase 1 allocations.

The load factor values for individual plants taken from the NAP form submissions are
confidential. Thus, the key assumptions can only be presented for the plants grouped according
either to technology or to fuel. These assumptions are summarised below.

Table 2.5 UK power plants input data assumptions - selected sites

Technology Fuel Capacity in MW  Historical load Projected load
factor factor for 2005

CCGT Natural gas 10,905 65% 72%

Steam turbine Coal 24,583 46% 44%

Total/Average 35,488 55% 57%

Source: The capacity values are from DUKES, the electrical efficiencies are drawn from the NER,
see above, and the historical load factors are the average of the three years 2000 to 2002. The
historical data as the projected load factors has been provided by DTI.

Though we have tried to select all types of plants, for some types, there are so few plants in
operation that it would be possible to recognise the individual plants. The illustrative
calculations are therefore based on the two main types, CCGT and coal fired power stations.

Note that the selection of the reference period for setting the load factors is important—for
example, if the recent trend of declining load on CCGT plants and increasing average load on
conventional plants continues, historical load factors may not be a good indication of future
activity, see Figure 2.3. It should be noted that this trend is not in line with the forecasts used in
the illustrative calculations.

2.4.6 Estimation of allocation of allowances under alternative benchmarks

Based on the input data on plant characteristic, electrical efficiency and emission factors (both
by technology and fuel type), the allocation under each alternative scenario has been estimated.

Ideally, the calculation of the allocation to sites should give indications of how a benchmark
approach will compare to the needs of the site. As the need is not known, historical emissions
have been used to compare with the benchmark approaches to give a rough indication of how
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they perform against the need criteria. The allocations based on the benchmarks have also been
compared to the Phase I allocations. Thereby, the difference between the approach from Phase I
is compared to the benchmarks. It should be emphasised that the various corrections of the
Phase I allocations makes comparison of the totals difficult. Though, in order to increase the
comparability all the benchmark allocations have been reduced by 9.2% reflecting the reduction
for the incumbents under Phase 1'". Still, the comparison is more an illustration of the variation
in the distribution across sites following from each of the alternative benchmarks.

Firstly, the allocations based on the alternative benchmarks are compared to the so-called
relevant emissions estimated for the Phase 1 allocations. The relevant emissions are the average
annual emission over the period 1998 to 2003 excluding the year with the lowest emissions.

Below, the allocations to the selected sample of sites are calculated.

Table 2.6 Site allocations under alternative benchmarks

Allocations in Relevant Phase | A1 A2 B C D
tCO- emissions allocations
CCGT —gas 28,751,325 22,863,090 21,116,864 23,401,075 21,396,203 23,524,890 21,192,282

Steam turbine —coal 90,231,649 72,239,209 53,220,435 54,868,435 79,923,400 48,003,759 33,773,315
Total 118,982,974 95,102,300 74,337,299 78,269,510 101,319,603 71,528,649 54,965,597

Relevant emission

=100 100% 79% 62% 66% 85% 60% 46%

Source: Consultants estimate

For most of the benchmarks considered, the selected sample of CCGT power stations would
receive more or less the same as their Phase 1 allocations but a less that the relevant emissions
as shown above. The coal fired plants will receive significantly less than both their relevant
emissions and their Phase I allocations. Only the benchmark B where the fuel specific emission
factor is applied gives total allocations to the coal fired plants in line with the Phase I
allocations.

At the site specific level the deviations between scenarios are more striking than the total values
indicate. The differences are shown firstly for the CCGT technology and then for the coal fired
power plants. A positive values means that plant gets more allowances using the benchmarks
compared to the relevant emissions.

'" Based on data from the UK Allocation Plan 2005 to 2007, Table B2 page 45.
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Figure 2.4  Allocations to CCGT Sites for alternative benchmarks — comparison to historical
emissions
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All the alternatives will give less than the relevant emissions (i.e. the average emissions over a
3-6 year period).

Below the sites are compared to their Phase I allocations.

Figure 2.5 Allocations to CCGT Sites for alternative benchmarks — comparison Phase |
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About two-thirds of the selected CCGT plants will receive more allowances through a
benchmark allocation, except if the benchmark is based on historical (2000-2002) load factors.
Using the average load factor based on the period 2000 to 2002 would result in most CCGT
plants getting fewer allowances due the low average utilisation of CCGT plants in that period.
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Recall that Scenarios A, B and D use site-specific load factors to calculate the allocations, and
therefore should reflect the kind of installation-level variations that are also reflected in the
Phase 1 historical allocations. Even so, the figure illustrates that these approaches can lead to
variations in allocations that differ among different sites. The figure illustrates that even using
site-specific load factors can create an uneven distribution across the sector.

Below, a comparison of benchmark alterative based allocations and the relevant emissions is
shown for the selection of coal fired plants.

Figure 2.6  Allocations to coal fired power stations for alternative benchmarks — comparison with
relevant emissions
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Most of the plants will receive much less than their historical emissions (defined as the relevant
emissions). Alternative B, where both specific technology and a fuel specific emission factor are
applied, gives the closest correlation to the historical emissions.

Below the sites are compared to their Phase I allocations.
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Figure 2.7  Allocations to coal fired power stations for alternative benchmarks — comparison
Phase | allocations
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For the coal-fired plants, there are significant differences in the ways that the allocations to
individual plants are affected by the benchmarking approaches, relative to their Phase 1
allocations. Most plants will receive significantly fewer allowances using the benchmarks. The
increasing load factor for the coal fired plants implies that the scenario with historical load
factors gives the highest allocations, as the projected load factors are lower than the average of
2000 to 2002

As expected, for those allocation approaches that apply average load factors (rather than site-
specific ones), plants that have lower than average utilisation rates may receive significantly
more allowances than their previous activity suggests they will need.

Using the output-based benchmark across the sectors might give quite different allocation to
individual sites. Also the total allocation to the sector sectors could deviate significantly from
Phase 1 NAP sector allocation.

As already mentioned, the focus of the current study is on the technical feasibility of alternative
benchmarks and their impacts. The results shown in Table 2.6 present how the benchmarks
would allocate allowances if they would be applied a one-stage approach. If the allocation
method is to be based on a two-stage approach, the comparison of the benchmark alternatives
would be different to the graphical illustrations above.

Comparing the use of natural gas as a benchmark emission factor to using fuel specific emission
factors will give quite different results in a two-stage approach than in a one-stage approach. In
the one-stage approach, using fuel specific emission factors will give the same allocation to gas
fired power plants as using the emission factor for gas as the benchmark. In a two stage-
approach, the gas fired plants could receive fewer allowances under a fuel specific emission
factor method than under a method with the gas emission factor as benchmark. This would
happen if the cap on the total emissions means that all allocations would be reduced.

We have made a calculation where the total given by each alternative benchmark has been
scaled to match the total Phase 1 allocations (for the same selection of sites).
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As four of the benchmark alternatives give total allocations to the power generators that are
20% to 25 % lower than the Phase 1 allocation, scaling the benchmarks to Phase 1 will in fact
give about 20 percent higher allocations. Only for alternative C, the allocations will be reduced
under this assumption.

The effects for the individual sites are shown below. The picture for the individual plants looks
more or less similar to the non-scaled allocations, though there are differences. Alternative C,
which shows the effect of fuel specific emission factors, gives less allowances to the gas fired
plants compared to the other alternatives, while on average giving more to the coal fired plants
than the alternatives.

Figure 2.8  Allocations to CCGT power stations for alternative benchmarks — comparison with
Phase | allocations assuming that all benchmark alternatives are scaled to equal
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Figure 2.9  Allocations to coal fired power stations for alternative benchmarks — comparison with
Phase | allocations assuming that all benchmark alternatives are scaled to equal
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The illustrative calculations have shown that the definition of benchmarks needs careful
consideration. Each of the three main factors, the load factor, the electrical efficiency and the
emission factor should be determined based on a weighted set of criteria; see next section for a
discussion criterion by criterion. The technical assessment has shown that benchmarks can be
defined, but it has also illustrated that determination of the three factors will significantly
influence the result. In particular, for the load factor it is difficult to suggest a straightforward
solution on how it can be defined. Thus, further investigations into alternative bases / definitions
and their impact will be a key focus area for future work.
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2.4.7 Summary data on development of benchmarks

No  Description

Activity measure to apply to
benchmark emissions data

Level of sectoral disaggregation for
benchmark emissions data

Emissions benchmark

Comments

1 C (=NER)

2 Al

3 A2

4 B

5 D

6 Input based approach

7 Adjustment factor approach

Standardised load factors

Site specific load factors based on historical
activity

Site specific load factors based on projected
activity

Site specific load factors based on historical
activity

Site specific load factors based on historical
activity

Historical fuel input

Historical emissions

Sector disaggregation according to technology

Sector disaggregation according to technology
Sector disaggregation according to technology
Sector disaggregation according to technology
No disaggregation, most efficient technology

for electricity production (CCGT)

No disaggregation

Possible disaggregation according to
technology

Fuel emission factor for natural gas

Fuel emission factor for natural gas

Fuel emission factor for natural gas

Input fuel specific emission factor

Fuel emission factor for natural gas

Fuel specific or natural gas as
benchmark value

Fuel emission factor for natural gas or

input fuel specific emission factor

The input based
approach is very
similar to no 5 and
therefore no
specific calculation
has been done.

This approach will
give similar results
asno2,4or5

Note: vV means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a selected number of sites within the

industry.
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2.5 Evaluation of benchmarks

2.5.1  Evaluation overview - Technical feasibility

Data availability and verifiability

Capacity data is available in DUKES table 5.11. Plant-specific load factors can in
most cases be derived from company reports or from reported data on output for
use in official energy statistics.

Projected load factors require that official or otherwise agreed projection is
available. It will be very difficult to arrive at values that are widely accepted as
accurate (A2).

Depending on the technology definitions and sub-grouping of the industry,
information on the type of technology that each site is using is required.
Technology groupings are well-defined and verifiable. However, if categorisation
is made on the basis of plant operating mode (baseload, peak and load following)
this may be much more difficult to judge unambiguously.

Efficiencies will be based on BAT notes and therefore data is available.

All the developed benchmarks are fairly standardised. Where used, differentiation
by technology/fuel is well defined, but reduces the degree of standardisation (NER,
A, B, C). Use of site-specific load factors could be interpreted as also lacking in
standardisation, though this may be desirable when assessed on other criteria (Al,
A2, B, D).

Determining projected site-specific load factors would be very complicated, and
subject to significant uncertainty (A2). Average load projections could be more
feasible.

2.5.2 Transparency

Projected load factors are not easy to prepare and will not be very transparent (A2).

The use of site-specific projections could be interpreted as allowing the
government to “pick favourites” by making higher or lower allocations to
individual sites. These options are therefore the least transparent of those
considered here (A2).

2.5.3 Consistent with Site Need for Allowances

The ESI sector has unusually good data availability for key parameters such as
technology type, efficiency, load factor, and fuel use. It is therefore feasible to
meet site need for allowances with good accuracy through benchmarking. As with
other sectors, this may conflict with other objectives, including those of simplicity
and standardisation, and in certain cases, provision of appropriate incentives.
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e If applied without any correction for actual load, some benchmarks will cause
many generators to receive significantly fewer allowances compared to their
historical emissions or the amount received in Phase 1 (FES, C). Conversely,
others will receive substantially more than they need.

* Projected load factors have in theory the advantage of incorporating changes in the
future energy system, although their accuracy may be questioned.

* Use of a fuel-specific emissions factor will allow allocations to be closer to actual
site emissions (B).

* Use of a gas emissions factor for all sites will cause coal-fired sites’ allocations to
be much lower than required (FES, Al, A2, C, D).

* Use of technology-specific efficiencies will allow allocations to be closer to actual
site emissions (FES, Al, A2, B, C)

* The match to site need can be made better by including known future changes to
load factors. For example, some plants that have opted out of the Large
Combustion Plant Directive have their load factor capped by regulation at 28.5
percent, and this information could be included to avoid over-allocation.

* A benchmark approach that takes into account known information about the market
role of installations (eg, base vs. peak load plants) would be better able to reflect
site need accurately, and failure to do so could result in significant over-allocation.
The use of historic load factors could incorporate this information to some extent.

e Use of historic data may help account for site-specific idiosyncrasies, such as
different market roles. However, there are also situations where it may not be
accurate; an example is that of the declining load of CCGT plants in recent years,
which may be attributable to temporary factors (notably high gas prices and the
impact of NETA as previously mentioned) and therefore not reflective of the future
need for allowances. One way to correct for this would be to use technology- or
fuel-level projections, either as a substitute for site-specific historic data, or as a
complement. This would introduce a greater degree of complexity and less
standardisation.

2.5.4 Incentives for Clean Technology

The primary incentives for best practice and clean technology are provided by the allowance
price. An allocation method free from all forms of updating (including shut-down forfeiture and
new entrant allocations) leaves these incentives unaffected so they do not differ from those
provided under simple grandfathering or auctioning. As noted above, we have assumed that the
benchmarking methodology will not affect the European CO, price, and therefore the primary
mechanism by which a particular benchmarking approach can effect incentives for future
activity is through updating.

* Benchmarks that use some form of updating of output or load will provide
incentives to increase production for sites that are eligible to receive future
allocations.(Al1, A2, B, D) For example, if the benchmarked allocation is
determined by MWh of electricity generated, the change in the marginal cost per
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MWh due to updating will be the same whether the output is produced by coal-,
oil-, or gas-fired power stations. This is illustrated in Figure 2.3.

Figure 2.10 lllustrative Costs of Generation for Different Fuels, Including “Updating” Rebate

Costs Without Updating Costs Under Updated Output Benchmark
40 40
35 35 r gl
2
=25 25
=
=, 20 :
215 15
o
© 1 10
5 5
0 0
Gas Oil Coal Gas Qil Coal
\ O Fuel Cost mCO2 Cost\ \D Fuel Cost B Current CO2 Cost @ Future CO2 “Rebate“\

» The figure shows how the costs of CO2 allowances are added to the fuel costs for
different fuel and technology types. Under updating, the effective costs per unit
output are reduced by the amount indicated by the hatched bars. This amount is the
same regardless of the fuel used.18

e Under current rules, various classes of sites will be ineligible to receive future
allocations, including sites that are closed in the future, as well as many types of
renewable generators, such as wind and tidal power. Thus updating here can have
two countervailing effects:

» First, updated output benchmarks will give greater incentives to sites whose
operators do not expect to shut down in the future. If these sites happen to use
“cleaner” technologies (which we might expect, because “dirty” sites are more
likely to close once carbon costs are taken into account) then the updating
methodology incentivises cleaner operators.

e On the other hand, the updating approach gives greater incentives to thermal sites
that can receive an allowance allocation (possibly including those that use zero-

8 Note that, insofar as there is a lag between current actions and their effect on future allocations,
operators are likely to discount future allowances. With long time periods between updating, the concern
about perverse incentive effects is therefore lessened. The type of updating observed may also be more
limited than updating based on actual output—instead it may simply reflect the existence of a new entrant
reserve and shutdown forfeiture. Even so, operators may look for ways to game the system to take
advantage of different updating approaches.
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emitting fuels), at the expense of (non-thermal) renewables, who are unlikely to be
eligible to receive allowances.19

Technology-specific benchmarks that are updated (including shutdown forfeiture)
blunt incentives for clean technology, because they tend to make “concessions” to
sites that cannot achieve lower rates of specific emissions (FES, Al, A2, B, C).
The exception to this rule would be a case in which allocations were not updated in
any way—again, including shutdown forfeiture and new entrant allocations. In this
case the allocations would be fixed in advance and would not have any effect on
incentives—that is, the incentives would be the same as under an auction or pure
grandfathering.

Under updating, the degree of differentiation of benchmarks may matter for the
incentive effects provided. For example, if load factors are site-specific and
updated, installations’ generation choices have a direct influence on their future
allocations.(A1, A2, B, D) By contrast, if allocations are based on sector or sub-
sector factors, installations’ incentives will only be affected to the extent that their
behaviour influences the sector/sub-sector average load factor.(C) In general,
therefore, the distortion of incentives under updating will be greater with more
differentiation.

2.5.5 Potential for Gaming and Perverse Incentives

Dedicated power stations compete with CHP and with onsite generation, and can
also be seen to compete with energy management companies that provide energy-
efficiency services. To ensure minimisation of the costs of reducing emissions,
benchmark approaches should, to the extent possible, provide each of these
alternatives with the same CO2 price signal.

As discussed above, differentiation between technologies—or in the current case,
between different sectors—will lead to incentives to “game the system”. This has
already been observed under Phase 1 as operators have lobbied to have themselves
reclassified out of sectors believed to be disadvantaged by the allocation, and
reclassified into sectors perceived to be receiving better allocations.

Most emissions covered by the EU ETS fall under the heading of emissions from
“combustion installations,” so sites with combustion emissions can be grouped in
any number of sectors. In principle, any site generating any amount of electricity
from combustion could be counted as belonging to the “power sector”. Under
Phase 1, differences in the growth rates applied to different sectors and other
differences in the ways that sector allocations were determined created the
perception that it might be advantageous for individual sites to be in one sector in
preference to another. Although questions about sector growth rates are not
covered by the current study, similar incentives would be created if different

"% If renewable output levels are determined by other policies, such as binding renewable targets, then the
incentives for renewables may not be affected. However, in the UK, where the level of incentives
provided by the Renewable Obligation is complicated by the buy-out price and “green smear-back”, the
incentives are likely to be affected by the EU ETS.
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2.5.6

2.5.7

2.5.8

sectors were given different load-factors (particularly if these were not updated to
reflect actual performance). The same would be true if different technologies were
assigned different load factors or emissions rates.

Certainty

In principle, the use of historical and known factors and standardised benchmarks
can provide operators with a large degree of certainty. A limiting factor in practice
is likely to be that some data may not be fully known, or may be disputed. This is
likely to be less of a concern in the ESI sector than in many other sectors, as data
collection is already extensive and there is less uncertainty about factors such as
the nature of output than in other sectors.

Updating benchmarks provide less certainty at the installation level, because
operators will not know what their total allocations will be from year to year—not
least because their future allocations may depend not only on what they do, but
also on what every other operator does (Al, A2, B, D).

Approaches that are based on technology averages for load factor may be less
prone to uncertainty, because the average load is unlikely to vary as much as site-
specific loads (C).

Consistency with Other Member States

Most of the approaches developed here would be fairly easy to make consistent
with other Member State approaches in terms of the parameter values used.

However, each Member State may have its own approach to different fuels and
technologies. The current benchmarks used in both the Netherlands and Germany
give higher allocations to coal-fired power stations than to gas-fired stations, via
the use of higher emissions factors per unit output (similar to B and to a lesser
extent, FES, Al, A2, and C). Future Member State approaches in this regard are
uncertain.

Consistency with Energy White Paper

As noted above, the energy White Paper identifies the three broad goals of UK
energy policy as maintaining good value for consumers, protecting the
environment, and ensuring security of supply. It also states the aim to promote
these goals through the use of liberalised electricity markets. Because the EU ETS
is an environmental measure, and because we have already evaluated incentives for
clean technology, we focus on the other planks of the platform.

Benchmarks that keep energy prices low by incentivising output fare better on this
criterion (A1, A2, and D when combined with allocations to new entrants and other
updating). However, because these benchmarks encourage “over-production” (and
therefore over-consumption) relative to the least-cost abatement solution, they may
result in higher costs to the economy in the longer-term. Incentives for higher
output may also increase gas prices faced by non-electricity producers, although
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this is more likely to be an issue if the allowance price is assumed to be affected
by the benchmarking approach.

The White Paper does not indicate any specific target proportions of electricity
demand to be met by particular fuels or technologies (with the exception of
renewables). Nevertheless, discussions of security of supply often consider
whether the economy is “too reliant” on a particular fuel. If this view is accepted,
then it may be considered appropriate to use the benchmarking methodology to
reduce pressures on higher emission,emitting fuels and technologies, such as
traditional coal generation, by differentiating the benchmark for different
technologies (B and to a lesser extent, FES, A1, A2, and C).

The use of official modelled site-specific load factors could be seen to be in
contradiction with the principles of a liberalised electricity market, as embodied in
the White Paper. This may rule out allocation method A2, as currently stated.
However, an alternative would be to use projections of average load factor by fuel
and/or technology type. Such projections would be subject to the potential lack of
transparency and certainty that characterises all use of projections.

To the extent that the allocation methodology changes incentives for marginal cost
pricing (and associated production decisions), they may be in conflict with the aims
of the White Paper. This could apply to the encouragement of -investment in over
capacity that may be the consequence of some forms of updating.

2.5.9 Summary Evaluation

Table 2.7 summarises the evaluations discussed above for each of the criteria for each
benchmark considered.

Table 2.7 Summary Evaluation of Electricity Benchmarks
Benchmark Approaches
Criterion NER A1 A2 B C D
Technical Feasibility and Verifiability Good Fair Very Fair Good Fair
Poor
Standardisation / Simplicity Good Fair Poor Poor Good Good
Transparency Good Good Very Fair Good Good
Poor
Meets Need Poor Fair Fair Very Poor Poor
Good
Incentives for Clean Technology Good Good Good Poor Good Very
Good
Perverse Incentives / Gaming Good Fair Fair Poor Good Good
Certainty Good Fair Fair Fair Good Fair
Other Member States Fair Fair Fair Good Fair Poor
Energy White Paper Poor Fair Poor Good Poor Fair
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Note: incentive properties depend critically on what forms of updating, if any, are used in conjunction
with the benchmark approaches.

The ESI sector lends itself well to benchmarking as data is readily available and output
homogenous. The approaches considered here, take as a starting point the output-based
approach of the new entrant method, extending and modifying these to include a number of
factors relevant to incumbents. The assessment has considered the possibility of differentiation
by technology and fuel, but also the use of site-specific load factors.

While all of these approaches are based on output, some of the approaches considered are
similar to input-based approaches. The correspondence is very close in the ESI sector, as there
is a single input and single output, with the relationship between the two mediated through the
electric efficiency factor. For example, an input-based benchmark could take the form of using
historic heat input data to divide allocations, but use a standardised benchmarked emissions
factor. This would be similar to method A1, (which uses historic load data and a gas emissions
factor in combination with technology-specific efficiency factors), except that the input-based
approach would implicitly use actual efficiency (as embodied in historic data) while method A1
uses a benchmarked efficiency factor for each technology. Similarly, for the other benchmarks
it would be possible to find an input-based analogy by substituting the benchmarked efficiency
factor for an actual factor. For benchmark B, this would reduce to a simple emissions-based
historical allocation.

Given the good data availability in the ESI sector, a benchmarking approach that includes
provisions for the circumstances of the individual installation would be technically feasible.
The benchmarks considered here would be the most differentiated in the case of B, followed by
Al & A2, D, and C. B differentiates by fuel and technology; A1 & A2 by technology but not
by fuel; D by fuel by not by technology; while C is the only method that does not take into
account site-specific load (but does differentiate by technology).

The aim of greater differentiation would presumably be to reflect more accurately site need.
Against this, there are two chief reasons why one might choose not to differentiate as far as
would be technically feasible:

1. A very large number of benchmarks might be required, decreasing transparency, simplicity,
and standardisation.

2. In the presence of updating, incentive effects may be worse the greater is the degree of
differentiation. This updating includes new entrant set-asides and shutdown forfeiture rules,
but also the updating of growth rates to reflect subsequent activity and the modification of
allocation approaches once trading has entered into force.

3. It may be perceived as unfair to continue indefinitely to grant higher allocations to high-
emitting sites if they produce the same output as low-emitting sites.

The figures presented above present some indication of what the impact on site need of the
various benchmarking methods might be. In general, the effects are predictable; eg, a
benchmark that uses either the efficiency or emission factor of the most efficient technology
(CCGT) will tend to fail to meet site need for other fuel and technologies. However, there are
also some less obvious results, such as the restrictions on load of the LCPD (for opted-out
plants), the effects of FGD, or the different market roles of individual sites. Nonetheless, the
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chief factor in the choice between the benchmarks presented here is to consider the trade-off
between meeting site need and ensuring that other objectives such as standardisation, simplicity,
administrative feasibility, and the desire to reward early action are met.

It is difficult to predict fully the differences between the various methods without making some
assumption about the extent of updating elements mentioned above, that will prevail in future
allocations. This has yet to be decided, so no firm conclusions can be drawn. In general, site-
specific load factors will tend to encourage production if they are updated between periods.
Even if site-specific information is not updated, updating of industry-average benchmark values
will also have some incentive effects, though these will be more limited. As all proposed
methods except C uses such site-specific data, the differences between the different benchmarks
may not be very large in this respect. With shutdown forfeiture and allocations to new entrants,
however, differentiation by technology (efficiency factor) and fuel type (emissions factor) may
significantly distort incentives to abate emissions through site closure or (if applied to new
entrants) through investment in cleaner new plant. As the replacement of high-emitting
technologies by low-emitting ones has been historically important for the reduction of the
emissions intensity in the ESI sector, the effectiveness of the trading scheme as an incentive
mechanism may be compromised by such updating.

Overall, an approach that uses historical information may be better able to meet need in the
short-term if historical activity provides an indication of future activity. However, as output
patterns change (in part as a result of the trading scheme) historical activity may no longer
match actual emissions. It is very important to reiterate that once the incentives of trading are in
place, the “need” for allowances will be determined by the allowance price. One reason a site
may “need” fewer allowances is that it has reduced its emissions to take advantage of trading or
to reflect the allowance price. Trying to reflect a site’s subsequent need runs the considerable
risk of counteracting the incentives provided by the Scheme. In the longer run, particularly in
the absence of competition from outside the Scheme, the meaning of the “meet need” criterion
becomes more difficult to interpret.

In summary, to meet site need for incumbents in the short run, some form of differentiation for
incumbents is feasible, but for new entrants such differentiation may compromise the incentives
of the scheme too much. If consistency between the two is seen as crucial, then a standardised
capacity-based approach, possibly using historical load for incumbents, may be best. If
consistency is less important, there is more flexibility and allocations to incumbents can be
more or less standardised as desired to balance need with “fairness” to low emitters.
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3. Other combustion

3.1  Sector profile

The “sector” other combustion comprises various industries and services as presented in the
following table. All CHP is discussed in a separate sub-section of this chapter.

The question of how alternative categorisation will affect the allocations will be discussed later.
Only if installations were treated very differently would there be the likelihood of a particular
site wanting to be placed in one sector over another due to more advantageous allocations.

Table 3.1 Allocation and annual emissions for the Other Combustion sector

Annual % of sector Annual Average Annual % change
Allocation total allocation to annual emissions between
Before allocated to existing emissions (2003) annual
Subtracting New Entrant installations  (1998-2003) emissions
NER Reserve (i.e. after in 2003 and
(NER) NER) annual total
allocation
MtCO, % MtCO, MtCO, MtCO, %
Chemicals 10.1 6.80% 9.4 9 9.4 7.5%
Food Drink &
Tobacco 3.9 6.70% 3.6 3.1 4 -1.7%
Services 1.9 2.10% 1.8 1.6 1.8 1.0%
Engineering &
Vehicles 1.3 2.80% 1.2 1.1 1.2 4.0%
Others total 0.4 10.00% 0.4 0.4 0.4 8.2%
Total 17.6 6.05% 16.4 15.2 16.8 4.5%

Source: Defra 2005

The Chemicals and the Food, Drink and Tobacco industries comprise the main sources of CO,
emissions within this mixed sector. With respect to number of individual sites and the average
allocation given under the Phase 1 of the EU ETS, the table below shows that the same
industries have the largest average allocations within the group. The allocations per site for
services are rather small. Still, given the large number of sites the allocation method is
important.
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Table 3.2 Number of installations in Other Combustion

No of installations % distribution Average
allocation per site

Chemicals 104 21% 97,115
Food Drink & Tobacco 96 19% 37,500
Services 190 38% 9,474
Engineering & Vehicles 36 7% 33,333
Others total 79 16% 5,063
Total 505 100% 34,851

Source: Defra 2005

The first option to consider is the development of output based benchmarks. It would in
principle be possible to develop output based benchmarks. Even for the service sector, where,
for example, a combustion process provides heating for a given area of hospital space, the
output-based benchmark could relate to heating of that space measured in m’.

While there might exist benchmarks for specific outputs within the industries covered here, a
wider use of output benchmarks would be difficult. It is our assessment that the high variation in
types of outputs in the sectors under consideration imply that the number of specific
benchmarks would be very high®.

The output of the covered combustion processes themselves - namely, useful heat and electricity
- are fairly easily characterised. For the industries included here the analysis will focus on
benchmarks for the combustion activities. The approaches we consider could therefore be
classified as ‘“output-based” from the perspective of the energy-related activities by these
sectors, or as “input-based” from the perspective of the sectors’ final products. It would also be
possible to construct input-based approaches from the perspective of the energy-related
activities themselves by considering fuel energy input.

3.2 Other Combustion Sector Contacts and Data
Availability

3.2.1 Other combustion Contacts

Other Combustion comprises a number of industries, where only the combustion activity is
considered. Given the scope and priorities of the study, there have not been any extensive
informal consultations with the industry representatives. The following organisations have been
contacted:

% The Food and Drink Federation (FDF) has compiled data on the CO, emission per tonne of output and
there is a variation of up to 45 times between the largest emission per ton output and the average
emissions per ton of output.
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¢ Chemicals (CIA)
¢ Food and Drinks Federation (FDF)
e Dairy UK

These organisations have provided data and comments that have been used to inform the
assessment.

3.2.2 Data Availability

A range of data sources on power generation and CO, emissions have been obtained and
reviewed, as follows:

* FES report on benchmarking, including methods for boilers and CHP units
* NAP submission forms for selected installations

* European BREF on Large combustion plants

» Papers on allocation methodologies from other member states

The above data sources have been useful in assessing production, load factors and emissions for
the sector.

3.3 Development of benchmarks

3.3.1 Existing benchmarks

The benchmark allocation scheme developed by FES for new entrants under Phase 1 is
determined by the following formula:

Allocation; = C;-U " ~EFgm/7]BAT,

ind

where
H H
v,, =SF -TfF.,, -OF,,, -8760
i (subscript) is an index for the installation, indicating site specific data;
G is the installation-specific output capacity in MW,
U} is the utilisation/load on the total installed output capacity;
SF is the standby factor expressing that one out of three boilers provides standby
capacity;
TF,,, is the ambient temperature factor that express that space heating over the year is
sinusoidal and that base demand is 20% of peak demand and therefore average
demand is adjusted to include only 60%;
OF " is the annual operating hours in % of total hours
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EF,, 1is the emissions factor of natural gas based on the net calorific value (tCO, /
MWh); and

T]BAT is the net thermal efficiency based on new gas and oil fired boiler MW,/

thh)

For the new entrants, the assumption on load factors was given as average load by industry, so
that the annual operation hours has been assumed to vary by industry, while the standby factor
is the same for all installations. The ambient temperature factor depends on whether the boiler
installation provides space heating or process steam.

The values for the industry specific hours of operation are given below.

Table 3.3 Annual operational hours in % of total hours

% of total annual hours in operation

Food Drink & Tobacco 80
Hospitals 80
Commercial 71
Engineering & Vehicles 70
Mixed industrial 80
Mixed commercial and domestic 71

Source: FES 2004

The total load factor includes three elements: A standby factor, an ambient temperature factor
and the number of operational hours per year. Multiplying these three factors the total utilisation
in terms of actual energy output relative the maximum energy output if all boilers were operated
at full capacity 24 hours a day all year.

Below, the resulting total load factor U is estimated for both space heating and process heating.

Table 3.4 Total load factors by industry

% of max capacity utilisation Total load factor for space Total load factor for process
heating applications

Food Drink & Tobacco 32 54

Hospitals 32 54

Commercial 29 48

Engineering & Vehicles 28 47

Mixed industrial 32 54

Mixed commercial and domestic 29 48
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% of max capacity utilisation Total load factor for space Total load factor for process
heating applications

Source: FES 2004

3.3.2 Experience from other EU member states

Other member states have used roughly similar approaches. The German, Dutch and Swedish
approaches to new entrants have been considered.

In the German NAP, the formula for new entrants in the general combustion is output based:
Allocation; = C; -UiP -BAT,
where
i is an index for the installation;
G is the installation-specific output capacity in MW,
U iP is the projected utilisation or load factor by installation;

BAT BAT benchmark for emissions per output unit, here CO2/MW

Thus, under the German methodology, the load factor is based on a projected average peak hour
utilisation.

As a comparison of the formulae suggests, the primary difference between the German and
NER methodologies for new entrants is that under the German plan the load factor is site-
specific and projected whereas the NER is average by technology and based on historical loads.

3.3.3 Alternative benchmarks for incumbents

Referring to the generic benchmark approaches, output-based, input based and the adjustment
factor approach should be further explored for the “other combustion” industries.

The NER methodology for new entrants is an output based benchmark methodology with
standardised load factors. Starting from the NER methodology, there are a number of issues that
need to be addressed.

As with the other sectors, the load factor is crucial. Based on data from selected sites we will
look at the variation in load factors. The other factor that needs analysis is the efficiency
assumption. Here, the various processes and technologies will also be assessed.

Comparing the NER methodology with that of other Member States, it appears that the load
factor and the efficiency factors differ and this needs to be analysed in any case.

An input based benchmark would be the energy input to the combustion process times an
emission factor. Applying fuel specific emission factors this approach is almost an emission
based approach. Only if a natural gas emission factor were used as benchmark value would
there be some differentiation from historical emissions.
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The adjustment factor approach would include a benchmark and a site evaluation of
performance against the benchmark. For this approach one could again consider an output based
approach, for example, energy efficiency of the production. The issues discussed above on the
feasibility for output based benchmarks apply. Tying the allocation to historical emissions and
introducing a lower and upper limit on the adjustment factor as was done in the Netherlands
shows that it can be applied with less detailed benchmarking compared to using the output
benchmark as the main determinant of the allocation. However, this would essentially be an
emissions-based grandfathering approach for sectors and sites without developed benchmarks or
comparison values.

The adjustment factor approach could also be used with the efficiency/emissions from the
combustion plant as the basis for the adjustment factor. In such a case, the benchmark to use
would be similar to the one discussed above under output based benchmark for the combustion
activity.

The evaluation will look into the trade off between the effects provided by alternative
benchmarks and the administrative costs of implementing them given that the total CO,
contributions from the individual installations included here are limited.

3.3.4 Combustion technologies

Looking at the various combustion technologies and the process they are supporting, the
efficiency could be influenced by the following factors:

* Fuel type;
e Load factor;
* Type of heat product either pressurised steam and hot water (for space heating);

e Type of boiler (e.g. inclusion of economisers and or air heaters, process steam
conditions)

* Vintage/age of the boiler;
* Size of the boiler

The average efficiency for new gas fired boilers (dual fuel capability) are around 0.89, oil fired
boilers are a bit higher 0.90- to 0.91 and coal fired boiler slightly lower at around 0.87. Most
boilers are gas or gas/oil fired (oil is back-up fuel), though also multi-fuel boilers are being
installed and with renewables there may well be a trend to more multi-firing where viable.

For generation of heat, the load factor is an issue in terms of that described for power plants
(start-up cycles) - the impact will be dependent on the nature of the process it services i.e. batch
or continuous. Moreover, boiler plant on stand-by has a fuel usage, but no output. Load factor
effects can be very significant where boilers are not sized properly or demands have changed
significantly and a boiler plant configuration is no longer optimal. Classic examples would be
where a boiler is intermittently firing several times an hour at its minimum firing rate. In this
case it has a high heat loss going through several purging cycles. This is also the classic
difficulty with batch heating which occurs for example in many food industry installations.

Though many plants have tried to optimise the boiler configuration to take this into account,
i.e.the boilers being operated at the full capacity but for limited number of hours and/or some of
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the boilers are used while other are at standby, it could still be that the realistic maximum
operation efficiency is significantly lower than the full load efficiency.

This issue needs further consideration; it is similar to what was discussed for the power stations,
see chapter 2. It could be that an efficiency benchmark for boilers operated at the load levels in
many service installations, such as hospitals and in more batch type production is 70-80%
instead of 90%.

Additionally, efficiency will be dependent on the size of the boiler and quality of the process
heating medium (i.e. hot water vs. steam).

For the illustrative calculation shown in the subsequent sections, we have only categorised the
boilers by fuel type. Below are listed the different boiler technologies and the efficiencies that
have been used for the calculations.

Table 3.5 Boiler technologies for heat production and their efficiencies

% net thermal efficiency -

Gas fired 89
Coal fired 87
Oil fired 91

Source: Consultants estimate

The difference in efficiency is only a few percentages between the various types. The NER
methodology uses the 0.89 for gas fired boilers as the benchmark. The difference between the
technologies is so small that there is no reason for distinction in a benchmark definition. The oil
fired boiler has a higher efficiency, but the much higher emission factor and the fact that no new
oil fired boilers are being installed imply that this is not a relevant benchmark technology. Thus,
we will only use the 89% as efficiency benchmark in the further calculations.

The emission factors for the alternative fuel types are shown below.

Table 3.6 Emission factors for fuel COo/MWh fuel consumption (net calorific values)

Emission factors in tCO,/MWh

Natural Gas 0.21
Gas oil 0.26
Heavy fuel oil 0.27
Steam Coal 0.32

Source: FES 2004
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Using diesel oil instead of natural gas implies that the emissions are 30% higher. It is therefore
of importance for the allocation whether a fuel specific emission factor is taken into account or
not.

3.3.5 Load factors

The NER formula could be applied to incumbents directly using the average load factors by
industry.

We will analyse the effect of average load factors compared to site-specific factors. The
immediate inspection of the site level data indicates that there are large variations in load factor
across sites.

In principle, there is an alternative between the fully standardised and the fully site specific load
factors. One of the issues with NER formula is the definition of stand-by capacity. An option
could be to make the standby factor site specific. This option has not been investigated in detail.
It is likely to remove some of the variations in load factors. The applicability depends on how
easy a site specific standby factor can be established.

If site specific load factors are to be used, the key issue is how to determine the site-specific
factors. The factors have to be either based on historical activity levels or projected activity
level. Considering the many different types of industries and services included in the scheme,
broad projections of load factors does not seem feasible.

The general problem with using historical activity as a basis for the load factor determination is
discussed in section 1.2.2.

We have analysed the variations over time for the included industries and services. Historical
load factors by site and industry are not directly available. (They can be calculated based on
capacity and fuel consumption). Using the fuel input as approximation of the activity, the data
for fuel input 1998 to 2003 from the NAP has been used to analyse the annual variations.

Table 3.7 Variation in load factors over time 1998 to 2003 Load factors used in the NER

methodology
Technology Types Average maximum variation Average annual variation
Food Drink & Tobacco 17% 10%
Services 16% 13%
Engineering & Vehicles 23% 15%
Others total 42% 23%
Sector average 21% 13%

Note: Variation = (max/min annual emission — average emission /average emission) for the period 1998 to 2003

Source: Consultants estimate based NAP data
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Variations in load factors will typically be in the order of 15-20% measured as the average
maximum difference between any year’s activity and the average activity over the period 1998
to 2003. Looking at the average change from year to year over the same 6 years period, it is
about 10-15% for most of the industries. Using more years will in most cases decrease some of
the variations unless there is a sector or installation trend for the specific installation in the
defined reference period. In the later case, the result would be an over or under allocation if
average load factors are applied for a sector.

Due to the format of the data it is not simple to make statistical analysis of all the installations.
A simple inspection of the installations indicates that there are very few installations where
there is either a negative or positive trend.

The analysis of benchmarks will use an average for the 6-year period similar as an alternative to
the average sector or industry load factor estimated by FES for the new entrant’s methodology.

Definition of alternative benchmarks
The specific variants outlined below address how the load factor is determined, the effect of

various combustion technologies (including the effect of fuel type), and the type of output in
terms of either steam or hot water.

Output based benchmark approaches
1. Allocation; = C;-U !, -EFy./ n™'",

2. Allocation; = C; - U,‘H : EFgﬂS/ niir ’
3. Allocation;=C;-U," - EFuu/ Ny,

Adjustment factor approach
4. Allocation;=E iH -BM / BM;,

where
i is an index for the installation;
G is the installation-specific output capacity in MW,

U, =SF -TF,,,-OF,) -8760

ind
ind (subscript) indicates that an industry average is used;
G is the installation-specific output capacity in MW,

U ifd is the industry average utilisation/load on the total installed output capacity;

SF is the standby factor expressing that one out of three boilers provides standby

capacity;

TF.,, is the ambient temperature factor that express that space heating over the year is

sinusoidal and that base demand is 20% of peak demand;
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OF I.z, is the industry average annual operating hours;

EF

s 15 the emissions factor of natural gas (tCO, / MWh); and

n is the net thermal efficiency of 89 % taken for new gas and fired boilers
(Mwheal output/ Mwlh input)

U  is the utilisation or load factor by installation;

nT'if,T is the net thermal efficiency based on new gas and oil fired boiler MW,/

MWy)

E; is historical emission for installation i.

1

BM s the benchmark that could be output based i.e specific energy consumption per
unit of product BM,; s the installation performance against the benchmark

The assumptions for the alternative benchmarks are summarised below. Benchmark 4, the factor
adjustment approach is not included in the table. It could be based on one of the other
benchmarks or it could be an energy intensity benchmark.

Table 3.8 Benchmark methodology assumptions

Electrical
Load Factor Efficiency Emissions Factor
; o ° C L
c 2 (=l <)) P » P 5
Benchmark . S_3 sg _go 2. 389 5L
Methodology @ > S o2 S2o 2 S¥X G T
TS s a 0 © =58 ) c G— Q
) © o O ®© - o 09 £® cQ
g3 293s oz 9285 g0 SEEL 58
&"N - 25 °h 0l SE Acw ng
o S g 5 wss 20 2cc @3
S8 S8 £ & 3" £
o £ @ w w w
1 v v v v
2 v v v v
3 v v v v

The data on site specific boiler capacities is not complete. Out of the 96 Food and Drink
installations 14 have been selected randomly although only those with capacity data have been
included in this assessment. They generally comprise a number of relatively small boilers
scheme.

2 DUKES 2004, table 5.11.
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3.3.6 Estimation of allocation of allowances under alternative benchmarks

Based on the input data on plant characteristics the allocation under each alternative scenario
has been estimated. The allocations are compared to the Phase 1 allocations as they were given
in the draft NAP by February 2005.

Below, the allocations to the sites have been calculated applying the assumption that both the
Sector correction and the Transition correction are equal to one.

Data is shown for three sub-industries or services:
¢ Food, Drink and Tobacco;
* Engineering and Vehicles;
* Hospitals.

The main purpose of the calculations is illustrative. The main uncertainty relates to the site-
specific capacity data. The totals can be compared with respect to the order of magnitude but
not at the exact number level.

Table 3.9 Comparison of alternative benchmark based allocations to relevant emissions —
benchmark allocation in % of relevant emissions - Food, Drinks and Tobacco

Site BM 1 BM1a BM 2 BM 3
1 98% 165% 84% 84%
2 97% 163% 102% 102%
3 96% 162% 68% 93%
4 57% 96% 73% 100%
5 132% 222% 70% 95%
6 89% 150% 97% 97%
7 130% 220% 93% 93%
8 105% 177% 97% 97%
9 66% 111% 102% 99%

10 291% 492% 90% 90%
11 75% 126% 68% 68%
12 85% 144% 72% 99%
13 261% 441% 134% 134%
14 298% 503% 83% 83%

Source: Consultants estimate
Note: 1 and 1a is assuming that the purpose is either 100% process or 100% space heating
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The data does not determine the split of the heat produced between space heating and process
heat. Therefore, two alternative versions of the NER methodology has been estimated one
assuming space heating and the other (BM 1a ) assuming process heat)

In any case, the comparison shows that the FES new entrants methodology alternative 1 or la
applied to the incumbents will give a higher allocation than the relevant emissions. This is due
to the assumed industry load factors that seem higher than the actual loads for the selected sites.
For Food, Drink and Tobacco, the average total load factor (total capacity utilisation) suggested
by NER methodology is 32%"" if the main purpose is space heating and 54% if it is heat for
processes. In any case, the actual load factors vary between 20 % and 43% and 4 out of 5
examples are below the FES average even if it is assumed that the sole purpose is space heating.

A benchmark based on historical loads, benchmark efficiency of new gas boilers and emission
factor for natural gas will give a much lower allocation than the FES methodology.

Below, the benchmark alternatives are compared to the Phase 1 allocations.

Table 3.10 Allocations under alternative benchmarks - Food, Drinks and Tobacco - selected
sample of 14 sites

Site Phase | annual BM 1 BM 1a BM 2 BM 3
site allocation

Total 242000 318008 536639 276573 293277

Source: Consultants estimate

The Phase 1 allocation was reduced to take the new entrants reserve into account, therefore this
should also be done for the benchmarks to give a correct comparison.

Reducing the benchmarks by 6.7% will imply that the benchmarks 2 and 3 will be in the same
order as the Phase 1 allocations. There is some uncertainty about the capacities and in most
cases, the capacity data relates to fuel input capacity. In the calculations it has therefore been
assumed that the boiler efficiency is 0.89. If the actual efficiencies are slightly lower it could
imply that the benchmark would in fact give a smaller allocation than the one estimated here.

To assess the variance across sites, the benchmark alternatives have been scaled to give the
same total as the Phase 1 allocation. In this way, it possible to consider how much the individual
site will get below or above its need.

Due to the average load factors applied in the FES methodology, most sites will receive an
allocation that is either much smaller or much larger than the Phase 1 allocation. Most sites will
get an allocation more than 20% different from the Phase 1 allocation.

2 As explained above, the NER methodology states 70-80% utilisation in terms of hours of operation, but
including standby factor of 0.67 and temperature factor for space heating of 0.60 gives a total utilisation
of about 30%.
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Applying the site specific load factors will reduce this difference, although not remove it. There
are examples of installations that have got more in Phase 1 than the average emissions and
therefore, as the reasons for that are not included in the benchmark allocation, there is some
uncertainty at the individual installation level.

Figure 3.1  Site allocations under alternative benchmarks - Food, Drink and Tobacco, All
benchmark scaled to the same total for the selected sites
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It is important to note is the effect of using site-specific fuel emission factors. For an installation
using either oil or coal, they will clearly receive an allocation closer to their need when fuel
specific emission factors are applied. However, if the total allocation to the sector needs to be
adjusted to a given cap, the adjustment factor will be higher for the benchmark scenario 3 with
the fuel specific factors. The effect of benchmarking in terms of size of the total allocation
depends on the difference between the actual boiler efficiency and the benchmark efficiency.
Given the uncertainty about the correct capacities, the illustrative calculation can not give a
precise indication of that effect. If there is only a minor difference in efficiencies between the
individual sites and they all are close to the benchmark efficiency, applying a benchmark
allocation will not give a large total reduction in emissions. With the fuel specific factors, the
reduction will be even lower and potentially the result could be a higher total allocation.
Therefore, a factor expressing the cap on the total sector emission would be required.

Using fuel specific emission factors instead of natural gas as a benchmark value could in case
there is a cap on the total sector emissions give the result that more sites will receive less than
the Phase 1 allocation compared to the case of using the natural gas benchmark emission factor.
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Table 3.11  Site allocations under alternative benchmarks - Engineering and Vehicles

Site Phase | annual BM 1 BM 1a BM 2 BM 3
site allocation

Total 76000 117471 197183 79228 90603

Source: Consultants estimate

For the Engineering and Vehicles industries, the results are quite similar to that described for
Food, Drink and Tobacco industries.

Table 3.12  Site allocations under alternative benchmarks - Hospitals

Site Phase | annual site BM 1 BM 1a BM 2
allocation

Total 17100 56554 21679 26178

Source: Consultants estimate

For hospitals, the heat is assumed to be for space heating only, although there is a share of the
heat being used for process purposes. The large difference between the NER methodology, BM
1 and the relevant emissions is due to the fact that average load estimated for the selected sites
are about 10-20% compared to the average load factor of 32% used in the NER methodology..

No calculations have been made for the input and the adjustment factor approaches. The input
based benchmark approach will give allocation closer to actual emissions than the alternative 2
and 3.

The adjustment factor approach will give similar results as alternative 2 and 3 given that the
adjustment factor would be based on the boiler efficiency and emission factor.

3.4 Combined Heat and Power

There are very few CHP plants that are listed in DUKES as power stations, though the number
of smaller industrial CHP connected to the grid is much larger.

There are alternative ways to treat the CHPs. The FES methodology for new entrants is based
on the power output and could as such be included as a technology in the power sector. The
requirement is that the CHP is so-called High Quality CHP and has been verified under the CHP
Quality Assurance (CHPQA) scheme.

Assuming that a large number of existing CHP plants participate in the CHPQA programme, the
methodology could be applied to all CHPs.
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An alternative approach is to develop a benchmark that combines the power and heat output and
apply benchmark factors to each. This approach has been taken in other Member States as the
methodology for CHPs under the new entrant’s provision.

Both alternatives will be considered and for the analysis the CHP plants are treated separately,
though the conclusion might be that they could have the same benchmarks as other power
producers.

3.4.1 Existing benchmarks

The benchmark allocation scheme developed by FES for new entrants under Phase 1 is
determined by the following formula:

Allocation; = C;-U !, -8760 - EF 4/ 77551%’

Where:
i (subscript) is an index for the installation;
G is the installation-specific power output capacity QPC in MW, taken from the
CHP QA certificate;

U is the average load factor based on an estimation of the heat load for the sector

that receives the heat;

EF,, 1isthe emissions factor of natural gas (tCO, / MWh); and
T]fEAé is the technology specific net power efficiency.

For the new entrants, the assumption on load factors was given as average load by industry, so
that the annual operation hours has been assumed to vary by industry

The values for the industry specific hours of operation are given below.

Table 3.13  Annual operational hours in % of total hours

% of total annual hours

in operation

Food Drink & Tobacco 77
Hospitals 80
Commercial 68
Engineering & Vehicles 67
Mixed industrial 77
Paper 97
Refineries 92
Sugar 77
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Chemicals 85
Mixed commercial and domestic 68

Source: FES 2004

3.4.2 Experience from other EU member states

Other member states have used roughly similar approaches. As before the German, Dutch and
Swedish approaches to new entrant CHP have been considered.

In the German NAP, the formula for new entrants in the general combustion is output based:
Allocation; = OiP"W -BAT"™™" + OiHe“’ . BAT"

where

i is an index for the installation;

O™ is the installation-specific power output MW electricity;

O/ is the installation-specific heat output MW heat;
BAT"” BAT benchmark for emissions per output unit, here CO,/MW
BAT"“’ BAT benchmark for emissions per output unit, here CO,/MW

Thus, under the German methodology, the power output and the heat output are multiplied by
BAT benchmark emission factors. This methodology requires that the outputs from the CHP
scheme are known or can be estimated. Similar approaches for CHP have been used in other
countries.

3.4.3 Alternative benchmarks for incumbents

In principle, the alternative scenarios to consider include:
¢ Output based approaches
- The FES methodology developed for new entrants
- A modified FES methodology with site specific load factors
- The methodology based on both power and heat output.
* Input based approach
* Adjustment factor approach

Additionally, there are alternative versions of the output-based benchmarks depending on
whether CHP technology is taken into account or not (benchmark based on the most efficient
technology). Also this effect should be analysed.
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The assessment of the CHP schemes has been limited by lack of some of key input data. Given
that the analysis of the combustion facilities as such has been extensive, the benchmark of CHP
has been reduced to include a more example-based assessment.

As for combustion generally the load factor varies year by year. The illustration below is an
example of about 10 CHP’s and it shows how the load factor varies around the average load for
the period 1998 to 2003. The graph shows index values; the absolute load factors have only
been estimated for very few of the CHPs.
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100% | ¥ Y ——

50% 7

Load factor index (average=100%)
3

0%

1998 1999 2000 2001 2002 2003

The variation in implicit load factor from year to year and between sites indicates that for CHP,
as with other sectors, there may be difficulties in determining an appropriate standardised load
factor. Using average sector specific load factors compared to site-specific load factors will give
the same difference in impact between those with high or those with low-load factors. No
detailed analysis has been carried out on the validity of the data used to produce the above. Most
CHP plants are designed to run at 100% MCR. Gas turbines which are found in many of the
installations have poor part load efficiencies. Most schemes are designed to meet the site base
load heat requirement unless they generate steam used for GT power enhancement or they form
part of a combined cycle plant with passout/condensing steam turbines and as such they run for
the majority of the time. In fact the pay back for most CHP schemes requires them to run at high
load factors. Reviewing further at these plots, it is possible that the two plots which show high
rises between 2000 and 2001 are for installations where the CHP capacity has been increased.
Similarly this may be the case for one of the plants between 1998 and 1999. Apart from one
other, the majority are operating at constant load factors.

The power and heat efficiencies are shown below. Efficiency is here defined as the total power
or heat output (in MWh) compared to the total fuel input in MWh. There is substantial variation
among sites in the total efficiency and in the individual (power and heat) components.
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The CHPQA scheme defines a quality index for each CHP installation wishing to claim
reduction in or exemption from Climate Change Levy. The installation is subject to audit and
the metered values used for reduction or exemption from the levy. As a result of this scheme, all
sites, which are registered, have extensive records of the performance of their plants. Most, if
not all of the “good quality” plants qualifying under the EU ETS are registered under the
CHPQA. Use of these technical and historical performance data could be considered for direct
use as a benchmark or to provide more accurate data for use in the proposed or any alternative
benchmarking scheme.

Table 3.14 Comparison of allocations — Phase 1 and Benchmark 3

Site Power efficiency Heat efficiency
1998 1999 2000 2001 2002 2003 1998 1999 2000 2001 2002 2003

1 28% 26% 27% 24% 24% 24%| 41% 26% 35% 34% 32% 28%
2 11% 23% 26% 23% 0% 52% 64% 48%
3 15% 3% 19% 21% 23% 22%| 56% 52% 55% 54% 57% 59%
4 32% 34% 33% 33% 38% 35% 34% 34%
5 22% 22% 21% 19% 15% 9%| 41% 41% 283% 44% 4% 51%
6 21% 20% 20% 20% 55% 51% 51%  56%
7 18% 21% 18% 17% 17%| 0% 56% 59% 59% 62% 65%
8 30% 28% 29% 28% 29% 28%| 47% 41% 41% 38% 38% 33%
9 38% 43%
10 16% 18% 14% 11% 8% 16%  25% 18% 15%  32%
11 16% 15% 29%  27%
12 27% 26% 26% 28%  28% 29%| 63% 44% A% 44% 42%  42%

24% 20% 22% 22% 23% 21%| 41% 39% 37% 42% 42%  45%

3.4.4 CHP technologies
The key issues for CHP schemes in terms of defining the efficiency benchmarks relate to:

* Capacity of the prime mover ;
* The effect of direct supplementary firing;
* The effect of a standby boiler.

The type applied technology and the associated efficiency can be established for any CHP.
Having assessed the values included in the FES methodology, we see them as representative for
the existing technologies and providing the relevant efficiencies.
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The effect of direct supplementary firing is not directly included in the FES methodology. The
result of such firing is that the production of heat is increased. Thus, direct supplementary firing
is typically used when heat/power ratio is high.

With the FES methodology, this could be taken into account if site specific load factors are
used. The load factor to be applied is the factor from the heat supply and therefore,
supplementary firing would result in a high load factor.

The effect of standby boiler could be handled as suggested in the FES methodology. If such
boiler is treated as separate unit and the benchmark for boilers is applied, a standby boiler would
have a very low load factor and thus get a low allocation.

3.4.5 Assessment of benchmarks
1) Allocation; = C;-U,., -8760 - EF s/ Mph- .

2) Allocation; = C;-U" -8760 - EF s/ 1}

TEC >
3) Allocation; = O™ -BAT"™" + O/ . BAT™",
Where:

i is an index for the installation;

G is the installation-specific power output capacity QPC in MW, taken from the
CHP QA certificate;

U s the average load factor based on an estimation of the heat load for the sector

that receives the heat;

UM s the site specific load factor based on the heat load and based on the historical
data;

EF,, 1is the emissions factor of natural gas (tCO, / MWh);

Ny is the technology specific net power efficiency;
OiP """ is the installation-specific power output MW electricity;

O/ is the installation-specific heat output MW heat;

BAT™"* BAT benchmark for emissions per output unit, here CO2/MW
BAT"“ BAT benchmark for emissions per output unit, here CO2/MW

As already explained, lack of capacity data and information on prime mover technology for the
CHP sites has so far limited the calculation of examples for how the FES methodology will
allocate. The data allows, however for supporting the findings from the generator and other
combustion analysis.

Analysis of the benchmark number 3 can be based on calculation for a small sample of sites as
the NAP forms provide data on power and heat output from CHP sites.
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The selection of CHP facilitates are based on the data availability and therefore, it can not be
guaranteed that the sample is representative. A calculation has been made for benchmark
method no 3 where the allocation is based on both power and heat output.

Benchmark emission values are taken from the German NAP. The emission factors to be
applied are 365 kg CO2/MWh power output and 215 kg CO2/MWh for heat. These values are
based on the use of natural gas and an efficiency of about 52% for power and 88% for heat.

Table 3.15 Comparison of allocations — Phase 1 and Benchmark 3

Site no NAP Phase 1 Allocation by Difference between Phase 1 and
allocation benchmark 3 benchmark allocation
Tonnes of CO; Tonnes of CO; Absolute value %
Total 800,740 813,834 - 13,094 -2%

It is not possible to compare the total levels, as the sample is not very large. The sites that
receive less than their phase 1 allocation are those running with a low load factor. The
calculation illustrates the difference in the efficiency of the individual site and thus any strict
benchmark allocation mechanism will produce such differences. Given that the standardised
load factors by industry, Table 3.12, are relatively high, the benchmark will give allocations that
are close to meet the sites need.

The issue with some of the CHP schemes is that it is often the heat requirements that will define
the loading of a CHP plant.

A method based on both power and heat output, alternative 3, will for those running at high load
factor in fact give higher allocation than the actual emissions.

Using an input-based approach for CHP could also be a way to make sure that they are not
disadvantaged if their heat production is low. It will give results very close the phase 1 approach
based on historical emission. Most CHP uses gas, so using either natural gas as the emission
factor or fuel specific emission factors will make almost no difference.
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3.4.6 Summary table development of benchmarks for Other combustion

No  Description Activity measure to apply to Level of sectoral disaggregation for Emissions benchmark Comments
benchmark emissions data benchmark emissions data
1 NER Standardised load factors Sector disaggregation according to technology ~ Fuel emission factor for natural gas
2 Modified NER Site specific load factors based on historical No disaggregation Fuel emission factor for natural gas
activity
3 Modified NER Site specific load factors based on historical No disaggregation Input fuel specific emission factor
activity
Input based approach Historical fuel input No disaggregation Fuel specific or natural gas as The input based
benchmark value approach is very
similar to no 5 and
therefore no
specific calculation
has been done.
5 Adjustment factor approach Historical emissions No disaggregation Fuel emission factor for natural gas or This approach will

input fuel specific emission factor

give similar results
asno 2or3

Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a selected number of sites within the

industry.
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3.4.7 Summary data on development of benchmarks for CHP

No  Description Activity measure to apply to Level of sectoral disaggregation for Emissions benchmark Comments
benchmark emissions data benchmark emissions data
1 NER Standardised load factors Sector disaggregation according to technology ~ Fuel emission factor for natural gas
and size of boiler
2 Modified NER Site specific load factors based on historical Sector disaggregation according to technology ~ Fuel emission factor for natural gas
activity and size of boiler
3 Output based on power and Site specific production values for power and  No disaggregation Fuel emission factor for natural gas
heat production heat based on historical activity
4 Input based approach Historical fuel input No disaggregation Fuel specific or natural gas as Will be very close
benchmark value to an emission
based approached
5 Adjustment factor approach Historical emissions No disaggregation Fuel emission factor for natural gas or This approach will

input fuel specific emission factor

give similar results
asno 2or3

Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a selected number of sites within the

industry.
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3.5

3.5.1

3.5.2

Evaluation of benchmarks

Technical feasibility

Capacity data should be known for each boiler. Historical plant-specific load
factors can be worked out from the fuel consumption data and the boiler
capacity23. The fuel consumption has been reported as part of the NAP, while
capacity data are scarcer. As the data are similar to that provided for phase 1, the
issues concerning the quality and availability of data will be similar. Use of
historical data may entail problems with verification and selection of
“representative” years (Methods 2-4 and CHP Methods 2 and 3).

The boiler type is also known or can be established and verified.

Output-based benchmarks for individual sub-sectors have not been considered in
this study but may theoretically be feasible in some sectors. This would require
further investigation, and the CO2 emissions covered by any one such method are
likely to be a small proportion of emissions covered by the UK NAP.

Capacity data should be known for each CHP plant. Using the QPC (the Qualifying
Power capacity) based on the CHPQA programme seems feasible as most CHPs
participate in the programme. Historical plant-specific load factors can be worked
out from the fuel consumption data and the boiler capacity. The fuel consumption
has been reported as part of the NAP, while capacity data is scarcer. The issues
concerning the quality and availability of data are similar to data provided for
phase 1.

The technology for each CHP plant is known or can be established and verified.

Data on power and heat production is available. The plants have reported these in
their NAP forms as part of the ETS application procedures. These data would need
to be verified and missing data would need to be collected, though the data
reported and verified under the CHPQA programme might be used avoiding
additional data collection and verification.

“Good quality” CHP output can vary from year to year, so there is no guarantee
that higher allocations to historically “good quality” CHP will mean that these sites
continue producing good quality CHP in the future, although the alleviation of
Climate Change Levy is an incentive to maintain this.

Standardised and simple

All the developed benchmarks are fairly standardised. Where used, differentiation
by fuel is well-defined. Use of site-specific load factors arguably lacks

2 This requires assumption on efficiencies and therefore will be an estimated not measured value. Data
on outputs will not be available, as the steam output is not metered for many boilers.
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standardisation, though this may be desirable when assessed against other criteria
(Methods 2 and 3 and CHP method 2).

Data on energy benchmarks per unit output (e.g. for use with Method 4) are not
immediately available for the sectors and activities included here; for example the
BREFs do not include energy efficiencies related to output. Standard data on boiler
efficiencies are on the other hand available.

Any of the allocation approaches considered could be made more complicated by
including scaling factors to increase or decrease total sector allocations or to take
into account the difference between Phase 1 and Phase 2 allocations.

3.5.3 Transparency

All the developed benchmarks are fairly transparent. Use of average load factors
values may be less transparent than site-specific ones, although differences in site-
specific targets may lead to lack of transparency.

The development of an adjustment factor based on sector-specific output would be
less transparent than the other approaches. An adjustment factor based on energy
conversion efficiency, i.e specific energy consumption per unit of product alone
would be more transparent.

3.5.4 Consistent with Site Need for Allowances

Load factors vary substantially in the “other combustion” sector. If standardised
load factors are applied across the “other combustion” sector it is unlikely that
allocations will correspond closely to site need, with significant over- and under-
allocation as a result (Method 1)

Using sub-sector averages would mitigate this, with the best results likely in the
Services and Food, Drink & Tobacco sub-sectors where average deviation is the
smallest. However, even then large deviations from sub-sector average load are
common, with most sites getting an allocation deviating significantly from that
received under the Phase I allocation. Overall, the conclusion is that a statistically
robust sub-division that would eliminate extremes of over- and under-allocation
cannot be established. For these reasons, it may be that only site-specific load
factors closely reflect site need for most installations. (Methods 2 and 3)

As with other benchmarks, the application of the natural gas emissions values may
leave non-gas users with fewer allowances than they require. (Methods 1 and 2)

Further differentiation by boiler type, boiler medium (steam vs. hot water), and
boiler fuel type (gas, coal, gas oil) were considered as variables that could help
tailor benchmarks to site need.

For CHP, use of (non-CHP) industry-average load factors may even less accurately
reflect site operating characteristics than for the average non-CHP site.
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3.5.5 Incentives for Clean Technology

Incentives for best practice and clean technology are provided by the allowance
price, which puts a value on reducing emissions. An allocation method free from
all forms of updating (including shut-down forfeiture and new entrant allocations,
as well as updating of growth rates over time) leaves these incentives unaffected
and they do not differ from those provided under auctioning.

If benchmarks are based on fixed historical values, incentives will not differ from
those under auctioning. If the load factor data is updated over time, incentives to
reduce utilisation (including through the improvement of energy efficiency) will be
blunted. With updating, the incentives could in theory favour “cleaner” technology
(including, eg, CHP) more than grandfathering or auctioning, but only if the overall
EU allowance price were not assumed to be constant.

Shutdown forfeiture and other forms of updating may also deter sites from closing,
and these are likely, all else being equal, to be dirtier sites.

- As with other sectors, a caveat is in order here regarding closure: The
“replacements” for installations that shut down may be cleaner new entrants in
the UK, but they may also include (possibly dirtier) installations in other
Member States that receive more generous allocations, or even (dirtier)
installations outside the EU.

If adjustment factors are updated over time (Method 4) this could reduce incentives
to improve energy efficiency at existing sites. Otherwise if allocation parameters
(including activity levels) are fixed incentives for reducing energy consumption
will be similar to those under grandfathering or auction.

In the context of updating, using lower benchmarks may increase the likelihood
that the dirtiest sites will close (relative to another updated case with a higher
benchmark). (cf. Methods 2 and 3) Without shutdown forfeiture of allowances,
incentives for closure are unaffected by the allocation method.

CHP is often considered a clean technology, in the sense of a more efficient use of
fuels than separate heat and power generation. These benefits will be rewarded by
the trading scheme through savings on CO2 allowances and electricity costs,
provided the opportunity cost of allowances is fully reflected in electricity prices.
However, the reward provided may change with updating: For example, a higher
new-entrant allocation to CHP sites relative to other technologies would clearly
provide an incentive for investment in CHP (but this may result in over-investment
if the allowance price is thought to be an accurate reflection of the costs and
benefits of fuel use).

3.5.6 Minimises “Gaming” and Perverse Incentives

As with other sectors, all forms of updating distort abatement decisions away from
the cost-minimising abatement of emissions. However, because of the possibility
of leakage outside the EU or to other member states, there may actually be little
environmental benefit achieved by completely eliminating all forms of updating.
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If targets and utilisations are updated between periods, incentives will be distorted
less if the factors used are not site-specific and are differentiated as little as
possible. In an updating context, installations are less able to affect their future
allocations if they are determined by sector averages (Method 1) rather than their
own decisions (Method2 and 3).

Using different approaches to allocate to new entrants and incumbents will also
distort incentives. This is unavoidable when using historical data (e.g., of site-
specific load factors), which are not available for new entrants (Methods 2-4, CHP
Methods 2 and3). However, if the risk of leakage means that such updating is
unavoidable, then it is possible to give incentives to clean new entry by granting
favourable allocations to clean new entrants.

3.5.7 Certainty

Allocations based on fixed historical factors will arguably provide the greatest
certainty, subject to identification and verification of the appropriate factors.
Individual installation allocations will nonetheless depend on the overall level of
allocation as determined subsequently by government.

With updating, more uncertainty is generated. In general, the larger number of
variables the greater the uncertainty. Also, negotiated targets may contribute to
uncertainty; although sites (or sectors) may feel that they have more control over
their own targets, their allocations may be affected by targets negotiated with other
sites (or sectors), over which they may have little influence. It is not clear that one
of the benchmarks considered here has advantages over another in this respect, and
it is difficult to compare approaches.

If allocations take into account whether CHP generation qualifies under the
CHPQA scheme certainty may be reduced, as the amount of CHPQA-eligible
generation varies from year to year for a given installation. This would also be
difficult given the prohibition on ex-post adjustments.

3.5.8 Consistency with other Member States

All benchmarks considered have the potential to be standardised across member
states, except for the load factors. However, with different characteristics across
countries there is little guarantee that the resulting allocations will be similar on a
per-unit-output or per-unit-capacity basis.

Communication with other Member States indicates an ambition in many cases to
treat combustion installations in a uniform way across different sectors. If this
approach is widely followed for Phase II, this would be consistent with the
application of a single benchmark across the different sub-sectors of which the
“other combustion” sector is comprised. (Methods 2 and 3)
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3.5.9 Consistency with other Energy White Paper

e The benchmark used for the “other combustion” sector is not expected to affect
consistency with the Energy White Paper.

e Since CHP is a direct substitute for grid-produced electricity and stand-alone
boilers, consistency with the White Paper probably entails similar treatment of all
three activities by any benchmarking approach. As noted, assuming the full
incorporation of the opportunity cost into the electricity price, emissions trading
provides incentives for the use of efficient technology like CHP without requiring
special treatment. Of course, the overall profitability of CHP schemes depends on
many factors, including fuel prices.

3.5.10 Summary and Tentative Recommendations

Table 3.16. Benchmarking Allocation Approaches for Other Combustion

Criterion BM1 BM2 BM3 BM4: Historical
(modified NER) emissions

adjustment
factor

Technical Feasibility and Verifiability =~ Good Fair Fair Fair

Standardisation / Simplicity Good Fair Fair Good

Transparency Fair Good Good Fair

Meets Need Poor Fair Good Fair

Incentives for Clean Technology Good Good Fair Good

Perverse Incentives / Gaming Good Fair Fair Fair

Certainty Good Good Good Good

Other Member States Good Good Fair Fair

Energy White Paper NA NA NA NA

Table 3.17. Benchmarking Allocation Approaches for CHP

Criterion BM1: industry- BM2: site- BM3: Separate
average load specific load Heat + Power
Allocations
Technical Feasibility and Verifiability =~ Good Fair Fair
Standardisation / Simplicity Good Fair Fair
Transparency Fair Good Good
Meets Need Poor Good Good
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Table 3.17. Benchmarking Allocation Approaches for CHP

Criterion BM1: industry- BM2: site- BM3: Separate
average load specific load Heat + Power
Allocations

Incentives for Clean Technology Good Good Good

Perverse Incentives / Gaming Good Fair Fair

Certainty Good Good Good

Other Member States Good Good Good

Energy White Paper Good Good Fair

The sites classified here as “other combustion” belong to installations that cover a very wide
range of activities but have in common their inclusion in the EU ETS on the grounds of total
combustion installation capacity. Various methods were considered for the creation of sub-
groups from these sectors, but abandoned because data were not available and the number of
potential outputs very large. For these reasons, and to conform to the aims of standardisation
and simplicity, final product output-based benchmarks were not considered.

Instead, the benchmark methods considered were applied to the output from the combustion
installations (boilers and CHP plant) alone. These can be considered as a form of input-based
benchmark, as the output from the combustion installation is an input into overall production.

The benchmarking methods considered use a framework similar to that used for new entrants.
The main departure from this methodology for some of the alternatives considered is to abandon
the use of sector average load factors. Our investigation of load factors (both in cross-section
and over time) indicate that this is not likely to be a successful benchmark among the sectors
classified here as “other combustion”, as the variation within the sector as a whole is very large.

Also, while various further sub-divisions of the “other combustion” grouping were considered,
none were identified that could be justified on a statistically robust basis. While some sub-
sectors (Food, Drink & Tobacco, Services) have slightly lower average variation in load factors
than others, there is still large variability and many sites that deviate significantly from sector
averages. To avoid complexity and help ensure feasibility, a uniform approach has therefore
been suggested for all combustion installations in this sector. This is consistent with the criteria
under which these installations are included under Annex I of the Emissions Trading Directive.
There is some question as to the level of differentiation appropriate when determining
allocations to new entrants, as if there is too much differentiation it could lead to weakening of
incentives for lowering the CO, intensity of the UK Economy.

On this basis and with these caveats, it appears to be feasible to use benchmarks based on
combustion installation energy output for most installations encompassed in the “other
combustion” sector. Such a benchmark can be tailored not to be in conflict with most
evaluation criteria for benchmarks considered here. As in other sectors, the main choice is
between the desire to reflect site need accurately and have a standardised and simple approach.

The main forms of differentiation considered were:
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* fuel type;
* boiler type; and
* boiler output (steam vs. hot water).

It was concluded that BAT boiler efficiency varies little across types. Similarly, the
consideration of boiler output was not considered an important source of variation, especially in
comparison to the uncertainty introduced by load factor prediction discussed above. The main
form of differentiation is therefore by fuel type. As in other sectors, the issue is mainly one of
considering the consequences for users of non-gas fossil fuels of the application of a gas
emissions factor benchmark.

It is not clear that separate benchmarks are required for CHP plants. As discussed, because
CHP is an efficient technology it may be expected to benefit from the trading scheme under
most circumstances, provided the cost of CO, is reflected in electricity prices.

As with all allowance allocation approaches, the presence of updating (including revision of
utilisations and factors, forfeiture of allowances upon shutdown, allocation to new entrants, and
adjustment of growth rates) has the potential to distort the incentives for cost-effective
abatement provided by the trading scheme. It may also affect the assessment of the benchmark
methods. Generally speaking, incentives are less distorted with less differentiation. Of the
benchmarks considered here, Method 1 is the least differentiated, followed by Method 2 and
then Method 3. However, the significance of this effect has to be judged against the importance
of differentiation by site load factor and fuel to ensure that allocations correspond to site need
for allowances.
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4. Petroleum Refineries

4.1 Sector Profile

4.1.1 Sector Structure

The main activity carried out at refineries is the separating and processing of crude oil and
natural gas liquids to make fuels (e.g. petrol, diesel, LPG), chemical products (e.g. white spirit,
bitumen) and petrochemical feedstocks (e.g. ethylene). The main operations are distillation,
reforming, cracking and conversion, all of which require significant heat input via fuel
combustion. As an average across the UK, refineries use around 6% of crude oil processed for
their own energy requirements (DTI 2004).

At the end of 2003 there were 9 major refineries and three minor refineries operating in the UK.
Total UK distillation capacity at the end of 2003 was 90.3 million t/yr. Total UK reforming
capacity was 13.8 million t/yr and cracking and conversion capacity was 36.2 million t/yr (DTI
2004). Economic factors and industry rationalisation have led to the closure of several
refineries since a high in UK refinery numbers of 19 in 1975. Existing UK refineries range
widely in their size and complexity (from 0.7 to 18.8 million tonnes distillation capacity) with
some facilities now reaching 40-50 years since first operation. Although it is considered
unlikely that any new large refineries will be built in the UK in the foreseeable future, there is
significant investment to replace and upgrade plant equipment at existing sites.

The UK is a net exporter of oil products and existing UK refining capacity ensures a high
degree of self-sufficiency in supply of essential fuels and chemical feedstocks for industry and
commerce, transport and domestic users. Total output from UK refineries in 2003, at 85 million
tonnes of products, was 2% lower than in 2000. Around 75% of the UK’s primary oil
production is exported, and imported crude oil account for two-thirds of the UK’s requirements.
In future, a decline in exports and increase in imports is likely to occur as indigenous oil
production declines.

The US remains one of the key markets for UK exports of oil products, with 4 million tonnes
being exported there in 2003. These exports made up 16.5% of total UK exports of oil products
in 2003, with the main other countries receiving UK exports being Belgium, Ireland, Italy,
France, Germany the Netherlands, and Spain (DTI 2004).

In recent years the sector has come under increasing pressure to produce cleaner fuels due to the
European Fuels Directive and the Sulphur Content of Liquid Fuels Directive. This has required
a large investment to modify/replace existing plant and has led to significant plant downtime
(DTT 2004). These plant modifications have also increased the energy intensity of the
processes, leading to an increase in fuel consumption per tonne of oil processed.

4.1.2 Process Overview

This section provides a summary of the combustion processes operated at petroleum refineries.
For additional information, refer to the relevant sector BREFs (EIPCCB 2001a; 2001b).
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In 2003, UK refineries consumed approximately 6,400 kilotonnes oil equivalent (‘ktoe’) of
energy (or 270,000 TJ) to satisfy their heat and power requirements (DTI 2004). The majority
of this heat and power is generated by burning gaseous, liquid and solid fuels in on-site boilers,
furnaces and power plants, with the remainder being imported (DTI 2004). Around 90% of the
total energy use is for process heating and approximately 70% of refinery electricity demand is
generated on-site (DTI 2004). Fuel consumption figures for refineries in 2003 are shown in
Table 4.1 Combustion of these four fuels represents the main source of refinery CO, emissions.

Table 4.1 Fuel consumption

Fuel Consumption (kt of fuel)
Refinery fuel gas 2215

Fuel oil 2005

Petroleum coke 933

Gas oil 199

Most refinery sites have several direct fired process heaters, gas turbines, incinerators and flare
stacks together with steam raising plant, which may include electricity generating facilities and
Combined Heat and Power facilities (CHP). These combustion processes generate CO,
emissions and are normally fuelled by refinery-generated fuel gas and fuel oil systems, although
natural gas may also be imported to site. The capacity of refinery combustion units varies
widely from less than 10 megawatts thermal input (MWy,) up to 200 MWy,. Total installed
capacities at individual refineries range from several hundred to 1300 MW, or more on the
largest refineries (EA 1995a).

A variety of furnaces and burner types are used in refineries, largely determined by the heat
release characteristics required by a particular process. Many furnaces are dual-fired (oil/gas) to
allow flexibility in the refinery fuel system. Petroleum coke is also manufactured at refineries
and some of the product is consumed for on-site heating purposes. Refinery process heaters are
typically rectangular or cylindrical enclosures with multiple up-fired burners of specialised
design using mainly low combustion intensity and refinery boilers are generally fairly standard
steam producing units of medium or high combustion intensity (EA 1995a). The proportion of
energy supplied by fuel oil and gas oil is normally >20% and can be up to 60% at some
refineries (the remainder being supplied by refinery fuel gas, natural gas and coke). Bearing in
mind the highly integrated and interdependent nature of the refinery processes, the aim is to
match continuously the variable production and consumption of fuels on processes and utilities
at the lowest economic and environmental cost (EA 1995a). Therefore, fuel switching at
refineries is not normally an option for emissions abatement.

As far as possible, refinery fuel demand should be minimised by making maximum use of heat
recovery and exchange techniques to meet process heating duties. New and revamped-fired
heaters should be of energy efficient design with modern control systems. Many refineries have
on-site CHP units, which burn refinery fuels to generate electricity. Therefore, to help reduce
CO, emissions from generation, energy efficient electrical equipment such as variable speed
drives (VSDs) should also be used where appropriate (EA 1995a).
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4.1.3 Historical CO, Emissions and the NAP

The table below presents the total carbon dioxide emissions arising from UK petroleum refinery
operations over the past 6 years.

Table 4.2 CO; Emissions and Throughput for UK Petroleum Refining Sector (DEFRA 2005, DTI

2004)
Year Primary Oil Feedstock CO; Emissions Specific Emission Increase in
(kt) (kt) Factor (tCO./t oil Emission Factor

processed) (% c.f. 1998)

1998 93797 18054 0.1925 0.0

1999 88286 17304 0.1960 1.8

2000 88014 18036 0.2049 6.5

2001 83343 17111 0.2053 6.7

2002 84784 18150 0.2141 11.2

2003 84585 18061 0.2135 10.9

The data above indicates the general increase in CO, emissions per tonne of oil processed (data
on plants that are now closed have been excluded). Emissions have increased by over 10%
since 1998, largely due to the requirements to process petroleum products to meet tighter
product standards, for example to reduce sulphur content, which requires more energy input and
hence increases CO, emissions. Under the revised NAP (14™ February 2005), the oil refining
sector has been granted a total Phase I allocation of 19,430 ktCO,/year, which is compared to a
‘relevant’ historical emissions total of 18,217 ktCO,/year. Therefore, the current NAP
allocation is 6.7 % above the relevant historical emission levels for the sector.

Under the rules of the EU ETS (Annex I), all CO, emissions from mineral oil refineries are
included and there are no de minimis limits for excluding CO, emitted from a multitude of small
refinery sources, such as flare stacks and process vents. Each refinery may, therefore, have say
10 large points sources of CO, emissions (i.e. boilers, direct fired process heaters, CHP units)
and as many as 50 or so smaller point sources (i.e. flare stacks, process vents, smaller process
heaters) which are all captured under the EU ETS.

The data from the revised NAP (14" February 2005) is summarised below.
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Table 4.3 CO; Emissions and NAP Data for UK Petroleum Refineries (DEFRA 2005)

Refinery Emissions Data and NAP Allocations

_ A:::;?;n 2003 Relevant
No Operator Refinery Name NAP ID EU ETS Sector during Emission Emission
Phase 1 (tCO2) (tCO2)

1 Shell UK Ltd Stanlow 407 Refineries 2,967,750 2,807,950 2,781,012
2 Exxon Mobil Co. Ltd Fawley 403 Refineries 3,624,339 3,368,808 3,396,288
3 BPLud Coryton 399 Refineries 2,397,369 2,234,091 2,246,521
4 BPLd Grangemouth 409 Refineries 1,464,020 1,414,547 1,371,901
5 Total Fina EIf Ltd. Lindsey Oil Refinery 2960 Refineries 2,115,851 1,911,647 1,982,717
6  Texaco Refining Co. Ltd Pembroke 408 Refineries 2,176,095 1,819,991 2,039,170
7  Conoco Ltd Killingholme 4077 Refineries 2,580,953 2,424,954 2,418,553
8 Total Fina Elf / Murco Pet. Ltd Milford Haven 402 Refineries 1,221,633 1,178,740 1,144,765
9  Petroplus International Ltd North Tees 406 Refineries 283,919 245,018 266,054
10 Petrochem Carless Ltd Harwich 405 Chemicals -- CIA 37,998 34,769 43,446
11 Eastham Refinery Ltd Eastham 401 Refineries -- CIA 58,250 48,799 55,637
12 Nynas UK AB Dundee (Camperdown) 410 Refineries -- CIA 22,568 20,500 21,555
13 NPower Cogen Trading Ltd  Fawley 2531 Refineries 479,983 551,043 449,781
2&13 Total for Fawley Refinery Fawley 403 & 2531 Refineries 4,104,322 3,919,851 3,846,069
Total all UK Refineries 19,430,727 18,060,857 18,217,401|

The above data on 2003 actual emissions and the revised NAP allocations for each refinery can
be used to analyse the impact of different benchmark emissions allocation methods on
individual refineries and on the sector as a whole. In the analysis of benchmark allocation
methods, the 3 refineries that are listed under the ‘CIA’ sector will be included, as they are
mineral oil refineries that operate similar processes to the other refineries listed. Also, the total
emissions for the Fawley refinery will be used for the benchmark calculations.

4.2 Refinery Sector Contacts and Data Availability

4.2.1 Refinery Sector Contacts
Attempts have been made to contact the following organisations in the sector:

* UK Petroleum Industries Association (UKPIA)

¢ CONCAWE (European oil industry association)

* EUROPIA (European oil refining association)

* Refinery operators (including BP, Total, Shell, Texaco)

The data and comments provided by these contacts have been used to inform the analysis.

4.2.2 Data Availability

A range of data sources on refinery energy use and CO, emissions have been obtained and
reviewed, as follows:
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e FES report on benchmarking, including methods for CHP units, boilers and
refinery processes

* Digest of UK Energy Statistics 2004

* European BREF on mineral oil refineries

* Journal articles on energy use benchmarking for refineries

* Papers on allocation methodologies from other member states

¢ Other documents as referenced in this section

The above data sources have been useful in assessing aggregate energy use figures for
refineries. Fuel use data for individual refineries has been obtained from the NAP submission
forms and this information is to be treated as confidential. It has not been possible to obtain

actual oil throughput data for individual refineries.

Instead, throughput has been estimated

based on an average UK refinery load factor of 93.6 % (i.e. total UK primary oil

throughput/total UK distillation capacity * 100).

summarised in the table below.

Table 4.4 Refinery Capacity Data and Estimated Throughput (DTI 2004)

The capacity and throughput data is

Refinery Capacity Data for 2003

Distillation Reforming Cracking & Estimated Oil
No. Operator Refinery Name NAP ID Capacity (mt/yr) Capacity Conyersion Throughput
(mt/yr) Capacity (mt/yr) (kt)
1 |Shell UK Ltd Stanlow 407 11.5 1.5 3.8 10,760
2 |ExxonMobil Co. Ltd Fawley 403 16.1 2.8 45 15,064
3 |BP Lt Coryton 399 8.8 1.8 2.3 8,234
4 |BP Ltd Grangemouth 409 10.0 1.9 3.4 9,357
5 |TotalFinaElf Ltd. Lindsey Oil Refinery 2960 10.9 1.5 41 10,199
6 |Texaco Refining Co. Ltd Pembroke 408 10.1 1.5 6.1 9,450
7 |Conoco Ltd Killingholme 4077 10.2 2.2 10.0 9,544
8 [TotalFinaElf / Murco Pet. Ltd Milford Haven 402 5.3 0.8 1.9 4,959
9 |Petroplus International Ltd North Tees 406 5.0 - - 4,678
10 |Petrochem Carless Ltd Harwich 405 0.7 - - 655
11 |Eastham Refinery Ltd Eastham 401 1.1 - - 1,029
12 |Nynas UK AB Dundee (Camperdown) 410 0.7 - - 655
Total all refineries 90.4 14.0 36.1 84,585
Notes: Capacity is based on rated design capacity per day on stream multiplied
Throughput for each refinery is estimated based capacity and average UK refinery load factor
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4.3 Existing Benchmark Methodology

The existing refinery-specific benchmark methodology from the FES report is not developed to
an extent to which is can be applied to determine a refinery allocation. The FES report suggests
a benchmark allocation equation for fluidised bed catalytic cracking (FCC) units as follows:

Allocation (1CO.) = Capacity (t oil throughput) * load factor (%) * benchmark fuel
consumption (t fuel/t oil) * fuel emission factor (tCO./t fuel)

This calculation would have to be applied to each individual combustion unit and for each type
of fuel used to obtain a total allocation for the refinery. However, the FES report provides no
values for load factor or benchmarks for refinery process fuel consumption.

Standard emission factors (tCO,/t fuel) for different types of refinery fuels are quoted in the
FES report, although in the NAP submissions, each refinery has used different emission factors
according to their own site-specific fuel data.

In the non-refinery-specific sections of the FES report, load factors and allocation
methodologies are given for standard boilers and CHP plants operating in the refinery sector.
The methodology for generators in the FES report is generally applicable to electricity
generating plant in the refinery sector.

However, the FES report therefore does not suggest benchmark methods for the multitude of
refinery CO, sources which are not covered by the methodology for standard boilers (i.e. ‘other
combustion plant >20 MW’), CHP units or electricity generators in the FES report. These
sources include FCC units, flare stacks, direct fired process heaters, gas engines, compressors,
back-up diesel generators, etc.

Because of the extremely complex and integrated nature of the refinery processes an alternative
approach to refinery emissions benchmark allocation that reflects these factors is considered to
be more appropriate. Based on our literature review and discussion with industry stakeholders,
we consider three alternative benchmarking methods:

1. Aggregate refinery-specific energy consumption (Aggregate SEC);
2. Product-mix-specific energy consumption (Product SEC); and,
3. Solomon Energy Intensity Index (EIT)*.

The advantages and disadvantages of these three methods have been assessed using the
available refinery data and the results are summarised in the subsequent sections.

* The Energy Intensity Index (EII) is a proprietary energy benchmarking method for refineries that has
been developed by Solomon Associates Ltd. Solomon Associates has provided data on the EII for use in
this study.
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4.4 Alternative Benchmark Methodologies

4.4.1 Aggregate Refinery Specific Energy Consumption (Aggregate SEC)

This methodology is similar to that in the FES report (see section 4.3 above) but is applied to
the refinery as a whole, rather than an individual process such as a FCC unit, boiler, or flare
stack. The benchmark equation would be as follows:

Allocation (tCO2) = Throughput (t oil) * benchmark aggregate SEC (GJ/t oil) * average fuel
emission factor (tCO./GJ)

A, =P -SEC -EF

where:
A; is the allocation to site i;
P; is the throughput (projected/historical/average) for site i;

SEC  is the specific energy consumption per unit throughput;
EF is an emissions factor (fuel-specific or constant per unit energy).

The sector BREF reports that aggregate SEC for European refineries varies between 1 and 4 GJ
per tonne of oil processed, depending on the complexity of the refinery. The table below
presents the aggregate SEC calculated for UK refineries.

Table 4.5 Aggregate Refinery Specific Energy Consumption Data (DEFRA 2005, DTI 2004)

Refinery Emissions and Energy Data for 2003
Total Emissions Specific Emission  Aggregate SEC 2003
(tC02) Factor 2003 (tCO2/t oil) (GJ/t oil)

No. Refinery Name NAP ID
1 Stanlow 407 2,807,950 0.261 3.42
2 & 13 Fawley 403 & 2531 3,919,851 0.260 3.86
3  Coryton 399 2,234,091 0.271 4.51
4 Grangemouth 409 1,414,547 0.151 213
5 Lindsey Oil Refinery 2960 1,911,647 0.187 2.88
6  Pembroke 408 1,819,991 0.193 2.92
7  Kilingholme 4077 2,424,954 0.254 2.98
8  Milford Haven 402 1,178,740 0.238 3.31
9  North Tees 406 245,018 0.052 0.82
10  Harwich 405 34,769 0.053 0.77
11 Eastham 401 48,799 0.047 0.69
12 Dundee (Camperdown) 410 20,500 0.031 1.64
Total All UK Refineries 18,060,857 0.214 3.07

It is noted that the aggregate SEC figures exclude indirect CO, emissions from imported
electricity for consistency with the EU ETS. It can be seen that the aggregate refinery SEC
varies by a factor of 7, from 0.69 to 4.51 GJ per tonne of oil processed. The majority of this
variation reflects the differences in the energy intensity of each refinery (e.g. simple

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



90

hydroskimming through to deep conversion) as opposed to differences in energy efficiency.
Specific CO, emissions are related to SEC and the figure below indicates the correlation of total
CO, emissions with refinery throughput.

Figure 4.1  CO Emissions Versus Refinery Throughput (DEFRA 2005, DTI 2004)

Correlation of Refinery Emissions Verus Throughput (2003)
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The average refinery CO, emissions factor is calculated as about 0.22 tCO, per tonne of oil
processed but the range varies by a factor of 9, from 0.031 to 0.271. The average fuel emission
factor for UK refineries is calculated as 0.25 tCO, per MWh of fuel consumed, but this factor
varies with the individual refinery fuel-mix. These data indicate that there is a high level of
variability between refineries, which makes benchmarking difficult.

In summary, the analysis above indicates that both the aggregate SEC and the CO, emission per
tonne of oil processed vary significantly between refineries.

4.4.2 Product-Mix Specific Energy Consumption (Product SEC)

It may be possible to develop a benchmark for energy consumption and CO, emissions based on
the type and quantity of products generated by each refinery. This approach is similar to that
used for the Climate Change Agreement (CCA) targets set by DEFRA for many chemical
manufacturing plants which define target energy use per tonne of product for each product type.
The form of the benchmark allocation equation for refineries would be as follows:

Allocation for product Y (tCO2) = Production (t product Y) * benchmark fuel consumption (t
fuel/t product Y) * fuel emission factor (tCO-/t fuel)

A, =P, -SEC, -EF
A = Z Ay
where

Y is the particular product;
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Ay is the product-specific allocation to site i;
Py is the output (projected/historical/average) of product Y from site i;

SECy is the product-specific energy consumption per unit output - this could be
replaced by specific fuel consumption (“SFC”) if different fuels are used;

EF is an emissions factor (fuel-specific or constant per unit energy).

The calculation would be performed for each main product type (e.g. ultra low-sulphur petrol,
DERYV, kerosene, bitumen, etc.). Benchmark energy or fuel consumption figures for each
product could be determined by analysing data from the literature and from case-study
refineries. However, the allocation of energy use to each product type is complex due to the
highly integrated nature of the process stream and processing units. For example, all of the
crude oil passes through the distillation unit and energy used by this process unit could be
allocated to each product based on:

* Product energy content,
¢ Product mass, or
¢ Product market value.

A recent life cycle assessment (LCA) study on petroleum refinery products provides some data
on the allocation of refinery energy use between products (Wang et al. 2004). For example
based on the energy content of the products, the study suggests that gasoline would be allocated
53.3% of the total energy input per tonne of oil processed, whereas kerosene is allocated 8.5%.
Therefore a refinery with a higher gasoline/kerosene product ratio would be expected to use
more energy per tonne of oil processed. The suitability of this method to an emissions
benchmark is uncertain, however, for reasons discussed below.

4.4.3 Solomon Energy Intensity Index (EIl)

The Solomon Energy Intensity Index (EII) is a proprietary energy use benchmarking method for
petroleum refineries. The method has been developed by Solomon Associates over the last two
decades and is now accepted as the leading world-wide energy indicator for refineries.

The EII value indexes the energy efficiency of a refinery using a technology-explicit computer
model that determines the energy efficiency of a plant by calculating the ‘standard’ energy use.
A Solomon EII value of 100 is standard and the actual EII for a refinery is determined as
follows:

Ell = Refinery Actual Energy Use/Refinery Standard Energy Use * 100

A computer model is used to assess the standard energy consumption for each process unit
present at the refinery, taking into account the process conditions and the type of crude charged
to these technologies. The standard of 100 is based on the performance of US refineries in the
early 1980’s. A Solomon EII plant-specific value below 100 indicates a more efficient plant,
while a value above 100 indicates a less efficient plant. Low EII values can be achieved where
site conditions are favourable (e.g. where natural gas is available or low-grade heat can be
exchanged externally).
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It is also a widely accepted indicator that is periodically assessed for all UK refineries (via
studies commissioned by the refinery owners and carried out by Solomon Associates Ltd).
Many refinery operators consider their EII data to be confidential and it has not been possible to
obtain this data for this study. However, it is noted that the Dutch authorities are already using
the EII to set refinery energy efficiency targets. It is noted that some adjustments to the EII
method may be required for the purposes of the EU ETS allocation method, in particular to
account for the effect of on-site electricity generation and electricity imports on refinery fuel
use.

Data provided by Solomon Associates on the current ranges of EII values are given in the table
below.

Table 4.6 Range of Ell values for refineries (Solomon 2005)

Region Minimum Refinery Maximum Refinery Ell Average Refinery Ell
Ell (throughput-weighted)
World 60.9 210.1 85.0
Western Europe 53.5 105.6 84.0
UK 78.5 98.6 88.0

From the data above, on average UK refineries are lagging behind the rest of Western Europe
by about 4 points on the EII scale. To assess the potential impact on individual refinery
allocations, an EII of 84.0 is taken as representing a potential illustrative benchmark for UK
refineries (i.e. the Western European average) although other benchmark EII values are also
considered at a sector level. In order to convert the EIl benchmark into a refinery level
allocation, the equation would be as follows:

Refinery Allocation (tCO2) = (Benchmark Ell/Actual Ell) * Total Refinery Fuel Use (GJ) *
Average Fuel Emission Factor (tCO2/GJ)

_ BMEII

.FU,-EF
Ell

iy

where

BMEII is the benchmark EII value

EIL; is the actual site specific EII

FU; is the refinery fuel use

EF is an emissions factor (fuel-specific or constant per unit energy).

The fuel emission factor could be a refinery-specific value or a standard value. A refinery-
specific value would take account of the actual fuels currently available to the refinery (e.g.
some sites have ready access to natural gas whilst others do not). However, a standard value
(e.g. based on natural gas use) would provide an incentive for sites to switch to cleaner fuels.
However, refineries do not normally have much choice over their fuel mix. Therefore it is
suggested that a refinery-specific fuel emission factor be used. If refinery-specific values were
used then the fuel and emissions factor component could be replaced by site CO, emissions,
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thereby simplifying the calculation. The fuel use values could be based on historical data or on
projections. As with other sectors, in order to provide an absolute limit on total sector
emissions the total refinery fuel use figure would be based on a reference period (e.g. past three
years). Alternatively, new entrants (or additional refinery capacity) would be allocated a total
energy use figure based on refinery capacity and design SEC data.

For example, take a hypothetical refinery with a current EII of 86.0, total fuel use of 20 PJ/year
and an average fuel emission factor of 0.07 tCO,/GJ. The refinery’s current emissions would be
1,400,000 tCO,/year and its allocation based on an EIl benchmark of 84.0 would be:

Refinery Allocation = (84.0/86.0) * 20 * 106*0.07 = 1,367,442 tCOz/year

This would then represent a requirement to reduce emissions by 2.3%. In contrast, if the same
refinery had a current EII of 82.0, it would receive an allocation, which is 2.3% above its
current emissions. The impact of choosing different benchmark EII values on the total UK
refinery allocation is indicated in the table below.

Table 4.7 Effect of Varying the Benchmark Ell on UK Refinery Total Sector Emissions Allocation

Effect of Varying Benchmark Ell for 2003
Benchmark Energy Use Benchmark Reduction in
Benchmark Ell (GJ) ¥ Emissions (tCO2) Emissions (%)
88 259,959,096 18,060,857 0.00
87 257,005,015 17,855,620 1.14
86 254,050,934 17,650,383 227
85 251,096,854 17,445,146 3.41
84 248,142,773 17,239,909 455
83 245,188,693 17,034,672 5.68
82 242,234,612 16,829,435 6.82
81 239,280,531 16,624,198 7.95
80 236,326,451 16,418,961 9.09
79 233,372,370 16,213,724 10.23
78 230,418,289 16,008,487 11.36
77 227,464,209 15,803,250 12.50
76 224,510,128 15,598,013 13.64
75 221,556,047 15,392,776 14.77

The data for an EII of 88 represents the current situation (i.e. 2003 actual data). It can be seen
that a benchmark EII of 84.0 would require a 5 % reduction in the sectors total CO, emissions
based on 2003 activity levels.

Although actual refinery-specific EII data are not available for the present study, we can assess
the possible impact on individual sites using the maximum and minimum EII values provided
by Solomon Associates. Table 4.8 applies a benchmark EII of 84 to each of the UK refineries,
presenting the allocations that would result if either the minimum (78.5) or maximum (98.6) UK
EII actually applied to the installation.
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Table 4.8 Potential Range of Allocations by Refinery for benchmark Ell of 84

Hypothetical Refinery Allocations Using a Benchmark Ell of 84.0 (2003 data)
. Total Actual Max Benchmark Min Benchmark
No. Refinery Name  NAPID o i cions (1CO2)  Emissions (1CO2) Emissions (1CO2)
1 Stanlow 407 2,807,950 3,004,685 2,392,168
2&13 Fawley 403 & 2531 3,919,851 4,194,490 3,339,427
3 Coryton 399 2,234,091 2,390,620 1,903,282
4 Grangemouth 409 1,414,547 1,513,655 1,205,091
5 Lindsey Oil Refinery 2960 1,911,647 2,045,584 1,628,584
6 Pembroke 408 1,819,991 1,947,506 1,550,499
7 Killingholme 4077 2,424,954 2,594,855 2,065,884
8 Milford Haven 402 1,178,740 1,261,327 1,004,200
9 North Tees 406 245,018 262,185 208,737
10 Harwich 405 34,769 37,205 29,621
11 Eastham 401 48,799 52,218 41,573
12 Dundee (Camperdown) 410 20,500 21,936 17,465
Total All UK Refineries 18,060,857 19,326,267 15,386,531

The allocation ranges in the table above are based on refinery-specific fuel-mix and the actual
allocation would depend on the individual refinery’s current EII. However, from this analysis it
is evident that the proposed benchmarking method using EII provides a workable method for
allocating emissions allowances for the refinery sector.
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4.4.4

Summary table on development of benchmarks

Description

Activity measure to apply to

benchmark emissions data

Level of sectoral disaggregation
for benchmark emissions data

Emissions benchmark

Comments

NER

Aggregate specific energy
consumption (Aggregate
SEC)

Product-mix specific energy
consumption (Product SEC)

Energy Intensity Index (EIl)
— using refinery-specific fuel
emission factor

Refinery process unit capacity
(e.g. t oil/day)

Historical refinery throughput
(e.g. t oil/day)

Historical production volume of
each product type
(e.g. t gasoline/day)

Historical refinery throughput (e.g.

t oil/day) combined with fuel
emission factor (can simplify to
historic CO. emissions)

Disaggregated into individual process
units (e.g. fluid catalytic cracker)

Allocation for each individual refinery
based on total primary oil throughput

Allocation for each main product type
summed to give refinery total allocation

Solomon Ell gives overall refinery
energy use per tonne of oil processed,
which is built up from detailed audit of
individual process units.

None provided

Benchmark based on industry
average aggregate SEC (GJ/ t ol
processed)

Little data available to base
benchmark upon. Some academic
papers report current energy use per
tonne for different products.

Various levels of Ell could be set as
a benchmark depending on required
level of ambition regarding
performance (e.qg. first decile Ell of
refineries in EU)

NER method is not fully developed and does
not provide emissions benchmarks but
proposes breaking down refinery allocation by
individual process unit. Development of
benchmarks on this basis is not considered to
be practicable.

Does not account for wide variations in crude
oil properties or degree of processing. Simple
to apply but does not account for refinery
complexity.

Would account for variation in product-mix
between refineries but data availability for
benchmarking is limited.

Solomon Ell is a widely recognised method for
benchmarking refinery energy use. Use of a
refinery-specific fuel emission factor reflects
availability of fuels at individual refineries.
Benchmarking equation can then be simplified
to use current CO, emissions and apply
correction for EII.

Energy Intensity Index (EIl)
— using standard fuel
emission factor

Historical refinery throughput
(e.g. t oil/day)

Solomon Ell gives overall refinery
energy use per tonne of oil processed,
which is built up from detailed audit of
individual process units.

Various levels of Ell could be set as
a benchmark depending on required
level of ambition regarding
performance (e.qg. first decile Ell of
refineries in EU)

Solomon Ell is a widely recognised method for
benchmarking refinery energy use. Use of
standard fuel emission factor based on natural
gas provides incentive for switching to cleaner
fuels.

Note: v means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a
selected number of sites within the industry.
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4.5

Evaluation of benchmarks

4.5.1 Feasibility and Verifiability

The Aggregate SEC method would be feasible as it requires minimal data.

For the Product SEC approach, the values for energy allocation per product in the
cited literature are based on a hypothetical US refinery and would not be relevant
for developing BAT-based benchmarks—thus new values would need to be
developed. The Product-Mix SEC method is therefore not feasible at present, and
it would be very difficult to construct and verify product-specific benchmarks.

The Solomon index is used for wide range of purposes in petroleum sector, but
availability of Ells for use in future allocations is uncertain, as some firms view the
information as confidential.

4.5.2 Simplicity, Transparency, and Standardisation

The key benefit of the Aggregate SEC approach is its simplicity: it is easy to
understand and apply and the required data are readily available.

Use of refinery-specific information—whether type of fuel used, particular fuel
emissions factors, or relative energy efficiency—reduces the degree of
standardisation of the benchmarking approach.

4.5.3 Consistent with Site Need for Allowances

The main drawback of the Aggregate SEC method is that is does not account for
significant variations in refinery complexity, product mix, or feedstock quality. If
an aggregate SEC were chosen from the range of observed values (Table 4.4) to
represent a BAT-based benchmark for UK refineries, need for allowances at most
sites would either be significantly exceeded or would go unfulfilled.

Although no single index can fully represent individual refinery characteristics, the
Solomon EII is more accurate and representative of refinery complexity as a basis
for EU ETS allocations when compared to the other benchmark methods
considered.

Refineries do not normally have much choice over their fuel mix (e.g. some sites
have ready access to natural gas whilst others do not). Site need would therefore
be more likely to be met if a refinery-specific fuel emission factor were used.

4.5.4 Provides Incentives for Best Practice and “Clean Technology”

The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives
unaffected so they do not differ from those provided under simple grandfathering
or auctioning.
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As with other sectors, the types of incentives for clean technology affected by the
choice of benchmark are closely related to incentives for closure of existing “dirty”
sites. Absent all updating, these are unaffected by the allocation method used.

Using an output-based approach tends to reward the most efficient sites, though
this may not necessarily change overall incentives. One consequence of not being
able to use output-based approaches for refineries, and of using input-based
approaches instead, is that new entrants (or incumbents receiving updated
allocations) may have less incentive to reduce their overall energy consumption, or
to use lower-emitting inputs.

The Solomon EII approach takes into account the feedstock quality in assessing the
energy intensity of an installation. Sites using lower quality, dirtier feedstocks are
assumed to have higher energy use and therefore are granted higher allocations
using this benchmark. Within a given period, or if allocations are not updated, this
should not affect whether a site chooses to switch to a higher quality feedstock that
will allow it to sell surplus allowances. However, if the allocation is updated
between periods (for example, by updating the EII or the emissions baseline) there
will be less incentive to switch feedstocks.

- Different feedstocks can be used, and certain feedstocks require substantially
more processing than others to produce a given product. There are competing
considerations that are relevant here. All else being equal, it may be desirable
to encourage UK refiners to use feedstocks that require the least energy input to
produce the desired outputs.

- Benchmarks that reward the use of “dirtier” inputs (for example, by awarding
them higher allocations in future periods) in this regard are not providing
incentives for clean technology.

- On the other hand, it is important to recognise that the refining industry operates
within international petroleum markets. It is possible for different, cleaner
feedstocks to be imported for processing at UK refiners, and greater use of these
pre-processed feedstocks may result in lower energy use and emissions from
UK refineries. However, if the initial processing has simply been done
elsewhere to avoid CO2 costs, there will be no net environmental benefit from
the use of the cleaner feedstock.25

The Aggregate SEC method is able to incentivise shifts towards products that
require less energy to produce. The other approaches, because they specifically
differentiate between different products, will only provide such incentives in the
absence of all updating or if the parameters values used are specifically tailored to
provide such incentives.

Depending on the specific level of the SEC chosen under the Aggregate SEC
approach, and under updating, lower standardized SECs may give more efficient
installations incentives to remain open when less efficient installations have

B If the pre-processing is done at less efficient foreign refineries, the environmental benefit will be
negative. If it is done at more efficient foreign refineries, environmental benefit will be positive.
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incentives to shut down. The same is true to some extent with the Product SEC
approach, but because need may be matched more closely, there may not be much
difference in incentives to shut down.

* The combination of fuel-specific emissions factors and between-period updating
will reduce incentives to shift to lower-emitting fuels.

4.5.5 Minimises “Gaming” and Perverse Incentives
* Because all refinery emissions are covered by the EU ETS there is less scope for
gaming through leakage via process reclassification than with other sectors.

e Shifting product mix, production process, or input feedstock can potentially result
in different allocations under the EII approach and the Product SEC approach.
This is unlikely to provide efficient abatement incentives.

4.5.6 Certainty

* Definition of overall or product-specific energy consumption rates gives operators
certainty about their per-unit costs.

4.5.7 Consistency with Other Member States

* The Solomon Index is an internationally recognized measure and its use would be
consistent across Member States.

e It would also be possible to define product-specific SECs that were consistent
across member States for the Product SEC approach, but it could be more difficult
to agree on particular values.

4.5.8 Consistency with Energy White Paper

* By meeting need the EII approach should reduce the chance that refineries in the
UK will close, which should improve the security of energy supply.

* An output-based benchmark, like the Product SEC approach, may encourage
production under some forms of updating (such as allocation to new entrants) and
thereby moderate any price increases resulting from the EU ETS.
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4.5.9 Summary and Tentative Conclusions

Table 4.9 Summary Evaluation of Refinery Benchmarks

Benchmark Approaches

Criterion FES Aggregate Product Solomon

SEC SEC Ell

Technical Feasibility and Verifiability Very Good Poor Fair
Poor

Standardisation/Simplicity Very Good Poor Fair
Poor

Transparency Poor Good Poor Poor

Meets Need NA Poor (Fair) Good

Incentives for Clean Technology NA Good Fair Fair

Perverse Incentives/Gaming NA Good Fair Fair

Certainty NA Fair Fair Fair

Other Member States NA Fair Fair Good

Energy White Paper NA Fair Good Good

Notes: The Emissions Adjustment Approach cannot be evaluated fully without knowledge of the
energy intensity index that would be used. The impact on incentives of each approach depends on
the nature of updating, if any, embodied in the allocation approach

It does not appear to be feasible to use a method with benchmarks for individual refinery
processes. While some processes may be amenable to benchmarking, the complex and
integrated nature of installations means that the application to whole sites is unlikely to be
successful. The load of a particular process would also be very difficult to predict with
accuracy. The Product SEC benchmark would be a theoretically attractive framework based on
output but the difficulty of establishing reliable benchmark values means this is not deemed
feasible at present.

A benchmark based on aggregate SEC would be a very simple method. Analysis of historic
data suggests that it would not be successful at meeting site need, with large variation in
allocations for refineries around the 8-10 kilotonnes throughput band where most UK refineries
are found.

The Solomon EEI method would be the theoretically most appealing and most practicable
benchmarking method of those identified as technically feasible. However, its actual feasibility
in commercial and legal terms would have to be clarified. It has been used for allocation in
other Member States so such potential obstacles may not be insurmountable.

As all benchmark methods considered are based at least in part on input, it would be important
to pay special attention to the incentive effects of updating (including shutdown forfeiture and
allocation to new entrants) in the refinery sector. For example, allocation to new entrants based
on input would distort incentives provided by the trading scheme to increase overall efficiency,
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and to switch to cleaner feedstock. The updating of values (eg, index values) over time would
lead to similar problems.

In sum, benchmarking is already used within the refinery industry for management purposes,
with the Solomon Energy Intensity index widely recognised as the standard measure. It could
be extended for use in allowance allocation.
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5. Iron and Steel

5.1 Sector Description

The iron and steel industry is comprised of two sub-sectors, primary and secondary steel
making. The primary sub-sector produces a basic range of steel in slabs, blooms or billets by
the thermal reduction of iron ore in integrated steel mills. The secondary sub- sector transforms
the basic steel into a wide range specialist steels and alloys. The sources of the steel for the
secondary processes can be from either the primary steel processes or the recycling of scrap
material.

The primary steel making process at an integrated mill is divided into four types of operation.
These are:

1. Coke making. The majority of the imported energy into the iron and steel process is in
the form of coal, 83%® of which is converted into coke prior to being used in the blast
furnace.

2. Sintering, in which the iron ore is roasted in preparation for converting to iron.

Blast furnace, in which the combustion of coke provides the carbon monoxide (CO) to reduce
the iron oxides to iron and provides additional heat to melt the iron and impurities The output is
a crude metal called pig iron, which contains approximately 4% carbon *’.

Steel making, in which the conversion of iron to steel is carried by a process called basic oxygen
steel making (BOS) where the carbon level is reduced to approximately 1%. This is requires the
use of high temperature furnaces and oxygen injection.

The primary processes use large quantities of raw material, heavy and often very hot or molten
intermediate products, large amount of waste and partially spent fuel gases that can be reused in
other processes. The operations are very energy intensive with the energy accounting for 47%
of the gross value added of the sector **.

The secondary steel making process produces steel by a number of different methods, such as
electric arc furnaces that can utilise pig iron, scrap and directly reduced iron.

The main energy flows at a modern steel works are illustrated in Figure 5.1.

* EU Emissions Trading Scheme- Calculating the Free Allocation for New Entrants, DTI , November
2004

27 Best Available Techniques Reference Document on the Production of Iron and Steel, December 2001,
European Commission.

= Competitiveness, Trade and regional Implications of the EU Emission Trading Scheme, Energy
Strategy Unit, DTI, January 2004
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The main green house gas emitted by the sector is carbon dioxide derived from the combustion
of the fuel used to heat the furnaces (combustion CO,) and from the chemical reactions that
reduce the iron ore to iron and that remove the excess carbon from iron to make steel, liberating
CO and CO, (process CO,).

Figure 5.1  Energy Utilisation in a Modern Steel Works®’

5.1.1 The UK Iron and Steel Industry

The UK has three integrated iron and steel works located at Port Talbot, Scunthorpe and
Teeside. Each of these is included in the UK national allocation plan for Phase 1.’ In addition
to the primary sites there are eleven secondary facilities that produce grades of steel by the uses
of EAF. The first sections of this report deal with the benchmarking issues of primary steel
production. Secondary steel production is covered in Section 5.5.

5.2 Iron and Steel Sector Contacts and Data Availability

5.2.1 Iron and Steel Sector Contacts

The following organisations in the sector have been contacted:

* EU Emissions Trading Scheme, UK National Allocation Plan 2005-2007, DEFRA 2004
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¢ UK Steel Association
e Corus
e Outokumpu

Project brief and information request sent to UK Steel Association and Corus. Telephone
discussions and email correspondence between Entec and Corus regarding various technical
issues, and discussions with Outokumpu. A meeting has been held with Corus where there was
detailed discussion of the feasibility of benchmarking and on the types of data that would be
required.

5.2.2 Data Availability

A range of data sources on the glass sector have been obtained and reviewed, as follows:
* FES report on benchmarking
* Papers on allocation methodologies from other member states
* Journal articles and research papers on benchmarking issues

¢ Other documents as referenced in this section

5.3 Benchmarking Issues for Integrated Iron and Steel
Works

The production of iron and steel is complex operation involving several different steps and
variable levels of production as determined by global demand. There are a number of issues
that should be considered if this allocation is to be based upon performance benchmarks.

5.3.1 EU Coverage

The principle activities of primary and secondary steel making are included in the EU ETS
Schedule 1°° classification for Phase 1. The energy used in the various product shaping stages
such as rolling mills and annealing lines are not included in the coverage of Phase 1 in the UK
but may be included in Phase 2. This mixed coverage means that on an integrated site it can be
difficult to assign the energy flows (and therefore the CO, emissions) unambiguously.

5.3.2 Secondary Fuel Gases

The fact that certain process stages are included in the EU ETS while others are not raises a
significant problem with the final emission point of fuel gas. The blast furnace and BOS
processes both release large quantities of combustible gas that can be collected and used as an
input fuel for other processes that may not be covered. Consequently the final
combustion/emission point for these gases may fall either inside or outside the coverage of the
EU scheme. Because it is theoretically possible for operators to select which processes use the

30 Greenhouse Gas Trading Scheme Regulations 2003 ( SI 2003 No. 3311)

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



106

intermediate gases it is difficult to predict in advance the emissions from EU-ETS-covered sites,
even if very firm projections of output exist.

Because it is technically possible for operators to select which processes use the intermediate
gases it is difficult to predict in advance the emissions from EU-ETS-covered sites, even if very
firm projections of output exist. The existing boundary definitions can also create perverse
incentives for fuel use, as the ability to switch emissions from one point to another can lead to
“leakage” of the CO, out of the EU scheme. If allocations were based on the assumption that
the emissions associated with these gases would be covered, then this raises the possibility that
operators would be able to sell surplus allowances even though no real emissions reductions had
been achieved.

Allocation and Monitoring Methodologies

The major difficulty with this is not the level of the emission factor but the fact that the
monitoring and reporting rules for the EU ETS’', (EU M&R), as they are written at present,
only require the emissions directly attributable to the Schedule 1 processes to be accounted for.
If the partially combusted fuel gases are subsequently diverted to other processes, such as coke
oven gas to the hot strip mills, then the reported emission is lowered even though allocation is
based upon the total inclusion.

5.3.3 Defined Capacity

The complex nature of an integrated iron and steel works means that it is very difficult to define
a value for production capacity. It may be possible for a site to make a large amount of low
grade steel but lesser amount of high grade steel for example. The NER report states that the
methodology used to derive the allocation uses a factor of 1.67 t CO, / tonne of liquid steel
produced for the integrated steel process but does not specify how production capacity is
defined. The NER allocation spreadsheet requires the input of the production capacity for iron
and steel production in order to derive a value for an allocation and the parameter specified for
this is nominal annual capacity of a blast furnace.

5.3.4 Fuel and Energy Requirements

The tonnage of steel made is not necessarily proportional to the amount of energy needed to
make it, due to the variation in the ratio of ore to scrap that may be used, and to different energy
input requirements for different grades of steel. Certain types of high grade steel for the
aerospace industry may require significantly more energy than normal grade steel for the
engineering industry.

Note that the uncertainty about the amount of fuel substitution with bio-mass that will occur in
the future presents a challenge in estimating the actual covered emissions of installations
covered by the EU ETS, but may not be an important consideration in the design of a
benchmarking allocation methodology. To arrive at a projected CO, figure based on fuel use
one also must assume a particular fuel mix with particular emissions characteristics. The EU
ETS Monitoring and Reporting Guidelines allocate a zero emission factor to bio-mass fuel and

3! Commission Decision of 29™ J anuary 2004 establishing guidelines for the monitoring and reporting of
greenhouse gas emissions pursuant to Directive 2003/87/EC of the European Parliament and of the
Council. Official Journal of the European Union (OJ) L 59, 26.2.2004
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to the bio-mass component of waste-derived fuel. However, because all sectors covered by the
EU ETS (as well as other fuel users) are expected to consider and compete for the use of
biomass fuel as one potential abatement alternative, it is of minor concern that covered
emissions could deviate from projections if such fuels are used.

5.3.5 Best Available Techniques

One of the key issues with a benchmark is the level at which to set it. The benchmark can be set
at the sector average, at a top quartile value, or at a theoretical “best achievable” level. In the
latter case it may be that there is no single site that actually achieves this level of performance.
Within the EU ETS it is possible to use a benchmark that provides efficient sites with more than
they actually need.

A reference specific energy figure has been developed for the production of iron and steel from
international benchmarking work by Phylipsen et al’>. The figure represents the lowest value
that could be achieved by utilising the best technology available. It does not represent an actual
operational plant. However the figure is expressed in terms of the production technology used
in different countries, such as the ratio of electric arc furnaces to open hearth furnaces or
whether direct reduction is used instead of a blast furnace, and is not a single metric. The
specific energy benchmark is converted into a production emission benchmark by the inclusion
of the country specific fuel mix. The value of the best technology metric for Brazil for example
is 0.98 t COy/ t crude steel where as the figure for China is 1.59 t CO, / t crude steel. By
comparison the actual value for steel production in each of these two countries is 1.32 and 2.53 t
CO, / t crude steel respectively. (The data available in the UK is expressed in terms of tonnes of
liquid steel. It has been confirmed by Phylipsen that these metrics are equivalent).
Unfortunately it has not been possible to derive a figure for the production emission benchmark
for the UK or EU within the timeframe of this project.

The degree to which the UK iron and steel industry could make large changes in technology is
limited. The technique of direct reduction, that eliminates coke use, has been tried in the UK
but was not taken up.. The technique for partially reducing coke by the injection of powdered
coal or oil into a blast furnace is being used already and the scope for increasing this is limited
due to quality and technical reasons.

5.4 Benchmarks for Integrated Iron and Steel Works

A significant amount of work was done in the development of the UK’s allocation methodology
for new entrants to phase 1. The work investigated whether an allocation could be based upon
the overall production of steel by means of a single emission factor. The factor originally
suggested by Corus, based upon historic performance, was 1.86 t CO,/ t liquid steel, (this

32 Industrial Energy Efficiency in the climate change debate: comparing the US and major developing
countries, G.J.M Phylipsen, Kornelis Block and Jan-Willem Bode, Energy for Sustainable Development,
Volume VI No. 4, December 2002.

3 CO, Allocation Methodologies for New Entrants to the EU Emissions Trading Scheme in the Iron and
Steel Industry, August 2004, AEA Technology
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included coke production). The issue with the Corus metric is that the production of coke can be
carried out separately from the iron and steel process. Coke can be made in advance and
stockpiled or bought in from out side the installation. The uses of a benchmark for the metric of
total production in this way could lead to inconsistencies in the allocation.

The type of steel output from the primary processes (as defined in the Schedule 1), in the form
of slabs, blooms and billets, has little effect on the level total emissions 3 The measurements of
production are made by the weight of steel tapped out of the BOS plant and is independent of
the primary product type.

Three types of benchmark have been developed and tested for the primary iron and steel
industry. These have been based upon the data available for the three sites.

1. Allocation based upon a benchmark value for production emission factor used in the UK
NER? for Phase 1, using historic production to define future capacity.

2. Allocation based upon an adjustment factor with benchmarked emissions. This is similar to
the methodology used in the Netherlands for Phase 1.

3. Allocation based upon disaggregated benchmark values for the production emission factors
of intermediate products such as sinter, iron and steel.

An additional feature that can be incorporated in each of the three methods is that they can
encompass a convergence to a benchmark based upon global best performance. For methods 1
and 2 this could be the figures derived by Phylipsen et al. Method 3 would require an output
based benchmark for each of the separate process.

The three methods described above all make use of historical data to define future production.
Two further allocation methods that used projected production, one for a single product and one
for multiple products, were also considered but were discounted on the grounds that the details
of future production may be difficult to verify and may lack transparency.

5.4.1 UK New Entrant Reserve Allocation Methodology %

The UK NER method for allocation to the iron and steel industry uses a benchmark emission
factor of 1.67 t CO, / t liquid steel produced. This factor covers the whole steel making process
(excluding coke ovens). In order to apply the method a nominal figure for the annual capacity
for the blast furnace is required. It would be difficult to apply this to incumbents as it would
require a projection of blast furnace capacity up to 2012 that was both verifiable and
transparent. The option used in this report is to base the allocation upon the metric of historic
production of steel as a substitute for blast furnace capacity. The average production figures for
the Corus sites at Scunthorpe and Teeside for the years 2002 and 2003 have been used **. The
production at the Port Talbot site in 2002 was affected by an earlier accident. Consequently
only the 2003 figure has been used for this site.

It would be possible to define a different range of years as the baseline. The years 2002 and
2003 have been used for illustrative purposes.

The allocation amount, A, for a single year in t CO, is given by the expression:

A =Pbp x Ef
Where:
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Ef = 1.67 t CO,/ t liquid steel, the emission factor.
Pbp = the average production in tonnes of liquid steel over a baseline period, e.g. 2002 - 2003.

Table 5.1 compares the benchmarked allocation to the relevant emissions as listed in the UK
NAP. The relevant emissions are defined as being the average of level of emissions of CO, for
the highest five years out of six between 1998 and 2003. Due to reasons of confidentiality it is
not possible to reveal the production details of the sites.

Table 5.1 Comparison of Allocations based upon the UK NER Methodology (1&S) with UK NAP
Relevant Emissions

Reference Ratio of NER + Historical Production Allocation/ NAP Relevant Emissions

1 0.940
2 0.936
3 1.033

Overall the allocation under the NER benchmark of t CO, / t Ls is slightly lower than the
figures for the relevant emissions (which are based upon historical emission data). This is to be
expected, as the benchmark emission factor does not include the production of coke. The
additional allocation for coke can be derived from the separate NER method.

Coke Production

The NER also has a separate allocation method for the coke production with an emission
benchmark of 0.148 t CO, / t coke. (Coke production is listed as a separate activity from iron
and steel production in Schedule 1). The NER method could be applied to incumbents through
the following formula:

The allocation amount, A, for a single year in t CO, is given by the expression:
A =Pbp x Ef
Where:
Ef =0.148 t CO,/ t coke, the emission factor.
Pbp = the average production of coke in tonnes over the baseline period, 2002 - 2003.

Table 5.2 compares the benchmarked allocation for the combined iron and steel and coke
production to the relevant emissions as listed in the UK NAP.

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



110

Table 5.2 Comparison of Allocations based upon the UK NER Methodology (1&S + C) with UK
NAP Relevant Emissions

Reference Ratio of NER + Historical Production Allocation + Coke Production/ NAP
Relevant Emissions

1 0.983
2 0.968
3 1.050

The ratios show that the allocation under the modified NER method is very close to the actual
emissions.

5.4.2 The Adjustment Factor Approach

The methodology employed in the Netherlands national allocation plan for Phase 1 of the EU
ETS incorporates both anticipated growth rates and site specific energy efficiency targets. As
noted previously, sector growth rates are beyond the scope of the current study. The energy
efficiency benchmark is based on either a global best practice figure or on the individual sites’
long term energy saving agreements with the Dutch government.

The same basic methodology used in the Netherlands can be used as an allocation method for
Phase 2 for the iron and steel sector. The key step is to determine an adjustment factor that is
based upon an emissions benchmark. There are a number of energy and emission benchmarks
in the published literature for the global iron and steel industry but these are weighted by the
sector structure of the individual countries and are not directly comparable to the operations in
the UK. In order to fully apply this method a robust benchmark value for the UK or the EU
would be required.

It would also be possible to base the adjustment factor on site specific energy efficiency targets.
The UK climate change agreements for the primary steel industry are expressed in terms of an
absolute energy reduction but they could be converted in to a relative factor if required. To the
extent that this would mean different zarget levels for each installation it would depart from the
idea that benchmarks allow for cross-site comparisons. However, it would still be consistent
with a benchmarking approach for each site to have its own adjustment factor based on its
distance from a uniform target.

The allocation by the adjustment factor method is determined by the following expression:

A=TYA,

Ay = Ebp x Ebyk par y/Ebsccior
Where:
A = the allocation for the five years of Phase 2 in t CO,
y =years 1 to 5, (2008 - 2012 in the EU ETS Phase 2)

A, = the allocation for a year y in t CO,
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Ebp = the average emissions in tonnes of CO, in the selected baseline period, in this case 2002
and 2003

Ebuyk aty = the production emission benchmark for the best performance that could be realised
from UK integrated iron and steel sector in year y. (This could be substituted by a global or
regional based benchmark).

Ebs..or = the actual emission factor for the sector in the baseline years..

A value for Ebyk pat for 2012 of 1.61 t CO, / t 1s was used in order to demonstrate the allocation
methodology. This value was derived from the estimates of CO, reductions by Worrell et al **
and expressed in t CO,/ t steel.

The value of the Ebg, 1s the production emission factor of 1.86 t CO, / t Is proposed by Corus
for the NER methodology ** for the overall steel making process (including coke). The
adjustment allocation method could be modified to treat coke production separately.

A value for the adjustment factor for each year of the five years of Phase 2 is shown in Table
5.3 for illustrative purposes. The adjustment factor reflects a “transition” to lower specific
emissions over the period, an approach that in principle could also be used for the other
allocation methodologies considered.

This factor declines as the UK emission benchmark is changed to reflect the improvements in
efficiency in the sector. It would be possible to use the same single adjustment factor for each
of the five years but this could result in a step change in the amount allocated.

The emission benchmarks and actual emission can be expressed on a site by site basis rather
than a sector basis.

Table 5.3 lllustrative Adjustment Factor for Years 1 to 5
Year Year 1 Year 2 Year 3 Year 4 Year 5
Adjustment Factor for 0.972 0.945 0.918 0.893 0.868

Phase 2 years

EbuK BAT y/EbSectcr

Table 5.4 compares the allocation by the adjustment factor method based upon a production
emission benchmark to the relevant emissions as listed in the UK NAP.

34 Energy Efficiency and Carbon Dioxide Reductions in the U.S Iron and Steel Sector, Ernst Worrell,
Nathan Martin and Lynn Price, Environmental Technologies Division, Berkeley National laboratory.
Report LBNL -41724
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Table 5.4 Comparison of lllustrative Adjustment Factor Allocations expressed as a ratio of UK
NAP Relevant Emissions

Reference Adjustment Factor Allocation expressed as a ratio of
Relevant Emissions ( for lllustrative Purpose Only)

Year 1 Year 2 Year 3 Year 4 Year 5
1 1.026 0.997 0.969 0.942 0.919
2 0.949 0.922 0.896 0.871 0.847
3 1.027 0.998 0.970 0.943 0.917

The allocation in 2012 is approximately 87% of the current relevant emissions.

5.4.3 Allocation Methodology based upon Disaggregated Output

The allocation method based upon the disaggregated output takes account of the carbon dioxide
content and the carbon intensity of the fuel gas that comes off the coke ovens, blast furnace and
BOS process. The sintering process produces no useful fuel gas.

The allocation amount, A, for a year in t CO, is given by the expression:
A = Ac + As + Abf + Abos
Where:
Ac = the allocation for the CO, emission from products of the coke plant.
As = the allocation for the CO, emission from the sinter plant.
Abf = the allocation for the CO, emission from the products of the blast furnace.
Abos = the allocation for the CO, emission from the products of the BOS plant.
The value for each process specific allocation, Ax, is given by the generic expression,
Ax=Pbpx x Efx
Efx = the emission factor for the process, coke, sinter, blast furnace and BOS.

Pbpx = the production of coke, sinter iron and steel from each process in tonnes over the
baseline period, in this case 1998 to 2003, excluding 2002.

The allocation methodology was developed for the operations at the Port Talbot site using data
from the NER research report. The values for the process allocations and the total allocation for
that site are shown in Table 5.5 along with the value from the relevant emissions from the UK
NAP. It would be possible to develop an allocation for all three Corus sites by the same
method. Applying the method to new entrants would involve projections for each intermediate
product.
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Table 5.5 Comparison of Allocations based upon Disaggregated Output with the UK NAP
Relevant Emissions

Disaggregated Output Method, Process Allocations Allocation t CO2/ p.a
Total Allocation 5,500,000
NAP Relevant Emissions 6,040,127

The emission factors used to calculate the CO, from each process are shown in Table 5.6. .

Table 5.6 Emission Factors for Disaggregated Output

Product Emission Factor Unit

Coke 0.284 t CO, / t coke
Sinter 0.157 t CO2 / t sinter
Blast Furnace 1.41 t COy/ tiron
BOS 0.136 t CO, / t steel

It would be possible to derive global benchmark emission factors for each of these individual
processes from existing data. The figures for the CO, intensity of the different fuel gases used
in the processes from the EU monitoring and reporting guidelines are shown in Table 5.7.

Table 5.7 Emission Factors for Fuel Gas

Emission factors tCO:/GJ
EU M&R

Coke Oven Gas 0.0477

Blast Furnace Gas 0.242

BOS Gas 0.186

Coke (Breeze & nuts) 0.108

Natural gas 0.0561

In order to use this method to make allocations in Phase 2 it will be necessary to amend the
coverage of the ETS so that the total fuel use is included and can be accounted for. The choice
of benchmark cannot solve the problem of leakage without a change in the coverage and
reporting rules. The allocation method based upon the production of the different products could
be amended such that the emission of CO, only were accounted. This would greatly restrict the
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potential for leakage but would require that the reporting criteria were also amended to reflect
the tighter specification. It would also require that the boiler plant were considered separately
within the allocation and reporting for the EU ETS.

5.5 Benchmarks for secondary steel sector

This sector comprises of Electric Arc Furnaces (EAFs) and secondary rolling and forming
processes to produce a wide range of specialist products. The sources of the steel for these
secondary processes can be from either primary steel processes such as slab or coil or via the
recycling of scrap material. Both processes utilise a variety of fuels such natural gas, coke and
fuel oil.

Secondary sector activities can be divided into the following two groups;

1. Electric Arc Furnaces (EAF) that utilise pig iron, scrap, directly reduced iron and large
levels of electricity, to form slabs and bloom which are formed into a wide variety of steels
such as strip, bars, wire, billets and long products.

2. Secondary rolling which produces products from imported coil or slab to form finished
coated or galvanised steel strip.

5.5.1 The UK secondary steel sector industry

EAF operations are based at Outokumpu, and Forgemasters in Sheffield, Corus at Rotherham
and Stocksbridge , Celsa in Cardiff , Alpha Steel in Newport and Thamesteel in Shearness..

Secondary rolling activities occur at Cogent in Newport and at Corus in, Shotton and Trostre.

5.5.2 Benchmarks for assessment

Two types of benchmark have been developed and tested for the secondary iron and steel
industry, which follow similar primary sector methodologies. The assessments have been based
upon data in the UK NAP

1. Allocation based upon historic fuel consumption data.

2. Allocation based upon an adjustment factor applied to historic emissions. This is similar to
the methodology used in the Netherlands for Phase 1.

The NER method was considered for use with incumbents but the method requires detailed
input of the types and amounts of steel that will be made and the carbon content of the steel and
any scrap that would be included in the melt. Given the level of variability and uncertainty in
future production volumes and types that is present in the sector the NER method was
considered unsuitable for incumbents.

An allocation method based upon site specific emission benchmarks was also considered but
discounted for a number of reasons. The main one being that the variability in the energy used
to make different grades of speciality steels would make it difficult and complex to determine
accurate values for these benchmarks.
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5.5.3 Historic fuel consumption data to determine CO, emissions.

This method uses fuel consumption data (for illustrative purposes averaged over 2002 and
2003), and associated material emission factors on a plant by plant basis.

Values were calculated using the following equation, totalled and compared to the relevant
emissions for the particular sites, shown in table 5.6.

The allocation by this method is determined by the following expression

A =F (kWh) x EF (kg CO/kWh)

Where;
A = the allocation for a year in t CO,
F= Annual Fuel usage converted to kWh
EF = Emissions factor which is converted to tonnes from kg.

Table 5.8 Comparison of NAP allocation method and Fuel consumption method

Methodology Allocation t CO2/p.a.
UK NAP Relevant Emissions 451,272
Fuel consumption method 285,899

The fuel consumption allocation is over 30% lower than the relevant emissions, with differences
particularly at sites that have EAFs. The difference between CO, emissions and calculated
allocations using this method may be due to the fact that there is a significant contribution to the
emission from the removal of carbon from the different grades of scrap steel used in the melts.

Table 5.9  Emission factors for materials *°

Fuel Emission factor kg CO2/kWh
Coke 0.370
Coal 0.300
Gas ol 0.263
Heavy Fuel Ol 0.260
Propane 0.250
Natural Gas 0.211

% EU Emissions Trading Scheme - Calculating the free allocation for New Entrants. DTI, November
2004.

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



116

Note: Emission factors listed in the NER Spreadsheet

5.5.4 The adjustment factor approach

The methodology employed in the Netherlands national allocation plan for Phase 1 of the EU
ETS incorporates both anticipated growth rates and site-specific energy efficiency targets. Here,
this approach is applied to the secondary steel sector similar to way it was applied to the
primary sector. The energy efficiency benchmark is based on either a global best practice figure
or on individual sites’ long term energy saving agreements with the government.

The allocation by this method is determined by the following expression:
A = Ebp x Eeff
Where:
A = the allocation for a year in t CO,

Ebp = the emissions in tonnes of CO, in the baseline period, for illustrative
purposes 2002 and 2003 data where available’®*

Eeff = the energy efficiency target expressed as a % per year over the
allocation years.

For illustrative purposes, Eeff is taken as 95.0%, to represent an estimate of the type of energy
efficiency target that could be applied to the integrated steel process. This figure was taken
from the estimations of CO, reductions by Worrell et al 37 from data on CO, emission reductions
for energy efficient technologies in the US steel industry.

The allocations calculated for 2005 by the Adjustment factor approach are shown in Table 5.8
along with UK NAP relevant emissions for comparison.

Table 5.10 Comparison of NAP allocation method and Adjustment factor method

Methodology Allocation t CO2 /p.a.
UK NAP Relevant Emissions 451,272
Adjustment factor method 338,395

The allocation under the adjustment factor approach is lower than the UK NAP but nearer than
the fuel consumption method. This method has also demonstrated a wide variety in plant
allocations. This may be due to large variations in plant outputs over the NAP allocation period

3% data for Llanwern prior to 2003 has not been used as the plant configuration was different, where no data is
available for 2003, only 2002 figures have been used.

37 Energy Efficiency and Carbon Dioxide Reductions in the U.S Iron and Steel Sector, Ernst Worrell,
Nathan Martin and Lynn Price, Environmental Technologies Division, Berkeley National laboratory.
Report LBNL -41724
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(calculation based over five years), compared to the mean emissions value of 2002 and 2003
used for illustrative purposes in the adjustment factor method.
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5.5.5 Summary table on development of benchmarks (Integrated Steel Works)

Description

Activity measure to apply to
benchmark emissions data

Level of sectoral
disaggregation for
benchmark
emissions data

Emissions benchmark

Comments

NER with historic
production

Adjustment factor
allocation

Disaggregated Output

Utilisation of capacity

Projected production
(single product)

Allocation = emission factor * historic
production

Allocation = historical emission *emission
benchmark /sector (or site) specific
emission factor

Allocation (by intermediate product) =
emission factor * historic production

Allocation = Capacity * projected site
specific utilisation factor * emission factor

Allocation = emission factor * projected
production (single product)

No disaggregation

No disaggregation

Disaggregated by sub-
process

No disaggregation

No disaggregation

Benchmark = emissions factor (CO, per
tonne liquid steel).

Benchmark = emissions factor (CO, per

tonne liquid steel).

Benchmark = emissions factor (CO, per
tonne intermediate product).

Benchmark = emissions factor (CO, per
tonne steel).

Benchmark = emissions factor (CO, per
tonne primary steel).

There are several different values for the
benchmark that could be used. The
allocation included both iron and steel
and coke production

This method may have to be adjusted to
account for coke production outside the
installation.

A sector specific benchmark based upon
the best production emissions factor for
the sites in the UK has to be developed

The use of metrics for the production of
intermediate products ( coke, sinter, iron
and steel), allows for a more targeted
and transparent development of
benchmarks from global best practice.

However, this method would need
revision to incorporate any new
technologies or process innovations.

Difficult to accurately define the capacity
of the whole process. Difficult to get
accurate and transparent projections of
utilisation factors.

The projection of production was
considered to be difficult to validate.
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N  Description
o

Activity measure to apply to
benchmark emissions data

Level of sectoral Emissions benchmark
disaggregation for
benchmark

emissions data

Comments

6 Projected production
(multiple product streams)

Allocation = emission factor * projected

production (multiple product streams)

Benchmark = emissions factor (CO, per
tonne steel products).

No disaggregation

The projection of specific types of
production was considered to be difficult
to validate and commercially
confidential.

Note: Y means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the
benchmark of a selected number of sites within the industry.

5.5.6

Summary table on development of benchmarks (Secondary Steel Works)

No Description

Activity measure to apply to benchmark

emissions data

Level of sectoral Emissions benchmark
disaggregation for

benchmark emissions data

Comments

1 Historic fuel use.

2 Adjustment factor approach -

Sector specific energy
efficiency

Allocation = historic fuel use * fuel emission

factor

specific energy efficiency

Allocation = historical emission * sector

Benchmark = fuel emission
factor .

No disaggregation

Benchmark = energy efficiency
and based upon SEC (energy /
product) has to be developed.

No disaggregation

\/

Limited analysis of historic fuel use
shows high level of variation year
to year.

This approach does not account
for the contribution to emissions
from the removal of carbon from
the different grades of scrap steel
used in the melts.

Simpler and less data / information
intensive than alternative site
specific approach.
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No Description

Activity measure to apply to benchmark
emissions data

Level of sectoral
disaggregation for
benchmark emissions data

Emissions benchmark

Comments

3 Adjustment factor approach -
Site specific energy
consumption benchmarks

4 NER - throughput and input

Allocation = Historical emission * site specific
energy consumption benchmarks for future
energy consumption

Allocation = Predicted production * emission
factor

No disaggregation

Disaggregation by output steel
type and by carbon content of
scrap.

Benchmark = Site specific
energy consumption
benchmarks developed from
BAT

Emission by steel type, anode
release and process emissions

Detailed site specific data would
be required in order to conduct the
analysis. The projection of future
use of individual installations
would be difficult to predict.

Technically complex.
Relatively high variability and

uncertainty in future production
volumes and types.

Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the
benchmark of a selected number of sites within the industry.
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5.6

5.6.1

5.6.2

5.6.3

Evaluation of Iron & Steel Benchmarks

Feasibility and Verifiability

If based on historical data the modified NER approach is easy to implement. If
based on projections some method for agreeing projected output will be required.

To the extent that the emissions adjustment factor approach is pursued using a
sector-level efficiency target, it is similar to the approach used by the UK in the
Phase 1 NAP, and these data are available. Information on site-specific
performance relative to standardised targets could be more difficult to obtain
because it may be considered commercially sensitive.

The disaggregated out method is also feasible, as the amount of the production
from each process is known. The benchmark emission factors are not fully
developed for these processes so the method will require some further work.

Allocation methods for the secondary steel sector that rely on historical data are
feasible but are subject to caveats and concerns about “representativeness” and
verification. Use of product-differentiated approaches, including the NER method
would require use of data for various different products, which would be more
difficult to implement and could be more commercially sensitive.

Simplicity, Transparency, and Standardisation

If standardised targets are used the emissions adjustment approach and the
modified NER approach are very similar.

Targets agreed in terms of energy efficiency may obscure the relationship between
energy use and emissions, and it may be more difficult to account for the
possibility of fuel switching within these targets.

Relying on projected outputs, intermediates, inputs, and emissions reduces the
transparency of the approach, so a method that relied on these (NER,
Disaggregated Output) would not be as good in this regard.

Secondary sector approaches relying on historical fuel use or emissions are simple
and transparent. Use of site-specific data could be less transparent, as would
differentiation by product. Reliance on differentiated output projections,
particularly at a site level, would be particularly lacking in transparency.

Consistent with Site Need for Allowances

Benchmarks that incorporate historical information may be able to reflect better
any site-specific idiosyncrasies in capacity utilisation or emissions factors.
However, in the steel sector many of the “idiosyncrasies” in utilisation in recent
years have been due to catastrophic events or the global macroeconomic
environment. Historical information therefore may need to be used with care.
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5.6.4

Since all approaches considered here rely on historical activity levels, ability to
meet need depends on how closely historical activity will match future activity.
All the approaches considered could be can be scaled up or down by changing the
emissions benchmarks used.

If sites add capacity it is not clear how any of the methods considered would be
applied, particularly given the difficulty of quantifying “capacity” in the sector.
This is a generic point that applies to any new entry in the sector. the modified
NER approach may or may not provide a site with sufficient allowances.

Because it disaggregates site activity in more detail, the disaggregated output
approach has the potential to match site need better than the other approaches.
This is of course dependent upon the level at which emission factors are set and on
the data used for output—again, if historical data are used, then these may or may
not accurately reflect future activity.

The secondary sector approaches are subject to the same issues related to historical
information as noted for the primary steel sector. If a standardised fuel emissions
factor is used, rather than actual emission factor, the fuel input approach will not
meet need as well as the emissions-based approach. If the fuel emissions factor is
fuel- or site-specific, the two will be very similar. Output-based approaches could
in principle meet need even better, but only if output projections were reliable.

Provides Incentives for Best Practice and “Clean Technology”

As with other sectors, incentives for low CO2 intensity output are provided via the
CO2 allowance price. These incentives can be modified in the presence of
updating features such as new entrant set-asides, shutdown forfeiture, adjustments
to reflect recent activity, and adjustments of growth factors applied to allocations.
As a highly concentrated industry in the UK, the latter concern is particularly
serious.

If the modified NER approach is based on fixed historical output values the
incentives will not differ from those under grandfathering or auctioning. If the
output data is updated over time, the incentives may favour “cleaner” technology,
but only if the overall EU allowance price is assumed not to be held constant.
Updating output values over time may also deter sites from closing, and these are
likely, all else being equal, to be the sites with older technology. The empirical
significance of this effect is not known.

Incentives under the emissions adjustment factor approach also will not differ from
those under auction except under the above circumstances.

In the presence of updating features, the disaggregated output approach may affect
incentives for clean technology, depending on the way that the specific values are
set. It is possible to produce steel using, for example, less intermediately-produced
coke (e.g. by using a greater proportion of scrap, or via direct reduction). A site
that chose to modify its process in this way could actually see its allocation fall if
its allocation were adjusted (for example as a result of new entry rules) to reflect
the new process. On the other hand, a site that maintained intermediate coke
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5.6.5

production levels would see its allocation remain constant. This acts as a partial
disincentive to adopt the cleaner process.

- We observe this effect because the benchmarking approach effectively specifies
the process to be used to produce steel, rather than basing allocations on the
final product.

- One way to overcome this effect would be to include in the benchmarking
methodology additional emissions factors to correspond to different methods of
production that would “reward” cleaner processes. Such tailoring of emission
factors would be a way of “picking winners.” Emissions trading is typically
offered as a policy alternative to this type of active government involvement in
control decisions, however.

In the presence of updating features such as allocations to new entrants, care may
need to be taken to ensure that integrated steelworks and electric arc furnaces are
treated fairly with respect to each other, particularly where they produce outputs
(including intermediate outputs) that may be substitutes. Output-based approaches
may be best suited to fulfilling this objective.

Minimises “Gaming” and Perverse Incentives

Because of the uncertainty surrounding the treatment of new entrants in the steel
sector, as compared to incumbents, there may be more concern about perverse
incentives, and therefore more of a need to harmonise treatment of the two.

If emission factors are updated to reflect actual values between periods, incentives
will be distorted less if the factors used are not site-specific and are differentiated
as little as possible.

Differentiating between processes that use iron ore and scrap to make the same
product (or between any alternative processes for making the same product) is
likely to distort incentives away from the optimal levels. This applies to all of the
methods considered.

As with other sectors, all forms of updating distort abatement decisions away from
the optimal strategy. However, because of the possibility of leakage outside the
EU or to other member states, environmental impact should be examined within
this context. Leakage of production to non-UK producers could result in either
higher or lower specific CO2 emissions per unit of steel output.

Using different approaches to allocate to new entrants and incumbents will also
distort incentives. However, if the risk of leakage means that updating is
unavoidable, then it is possible to give incentives to clean new entry by granting
relatively favourable allocations to new entrants using clean technology.

In the secondary sector, approaches relying on site-specific output benchmarks
have the potential to create perverse incentives if these benchmarks are negotiated
separately or are highly differentiated based on expected output type.
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5.6.6 Certainty

* Assuming all methods are combined with some updating features, and that the
overall level of allocations is determined subsequently by government, an approach
that is based on a simple emissions per unit output factor may provide the greatest
certainty, but it is difficult to compare the approaches.

* Using updated historical emissions information combined with updated growth rate
projections and updated emissions factors under the emissions adjustment factor
approach could introduce a greater level of uncertainty, since there are a wide
range of parameters, some of which are subject to negotiation. Although sites (or
sectors) may feel that they have more control over their own targets, their
allocations may be affected by targets negotiated with other sites (or sectors), over
which they may have little influence.

* The disaggregated output approach provides a degree of certainty that is similar to
that provided by the other two approaches, but because there are more parameters,
there is more potential that any one might be changed. In addition, it is possible
that benchmarks for additional processes would need to be added to counteract
some of the incentive effects discussed above, which could create greater
uncertainty.

5.6.7 Consistency with Other Member States

e Formally the emissions adjustment factor approach has the potential to be
consistent with other Member States and has the advantage of already being used
in the Netherlands. The other approaches are equally transferable to other Member
States, although the possibility of different site process organisation could result in
different allocations under the disaggregated outputs approach—particularly if
projected outputs were used. Of course, the use of different growth rates and
setting of different sector caps could result in Member States having different per
unit output allocations.

5.6.8 Consistency with Energy White Paper

* The benchmark used for the steel sector is not expected to affect consistency with
the Energy White Paper.

5.6.9 Evaluation Summary

The approaches considered here are largely similar in their performance against the evaluation
criteria because they are based on similar information. For the primary steel sector, some form
of allocation based on historical (or projected) output, or an adjustment factor that incorporates
an output benchmark is a feasible option. Disaggregated output-based approaches are also
possible, although it is not clear that there is anything to be gained from using them.

One issue of concern for the sector remains the treatment of new entrants and capacity
expansion. The use of a standardised output benchmark will reduce the extent to which the new
entrant set-aside can cause distortions. However, the difficulty quantifying a capacity expansion
may mean that the distortions created by updating could also affect activity at incumbent sites.
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In the secondary steel sector the outputs are considerably more varied than in the primary sector.
One way of avoiding this heterogeneity altogether would be to allocate based on energy input.
However, in the context of a new entrant set-aside, this may reduce incentives to shift towards
the most energy efficient and lowest-emitting technology. The emissions adjustment factor
approach provides an alternative that could be used to develop output-based benchmarks with
better incentive properties, although their application to new entrants would still require
additional rules. The variable nature of production at secondary sites makes it difficult to meet
future need or to project output levels.

Table 5.11 Summary Evaluation of Selected Iron & steel Benchmarks
Benchmark Approaches

Criterion Modified Emissions Disaggregated
NER Adjustment factor Output Approach

Approach

Technical Feasibility and Verifiability Fair Fair Fair to Poor

Standardisation / Simplicity Fair Fair Fair

Transparency Good Good Good

Meets Need Good Good Good

Incentives for Clean Technology Fair Fair Poor

Perverse Incentives / Gaming Fair Fair Poor

Certainty Good Good Good

Other Member States Good Good Fair

Energy White Paper NA NA NA
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6. On-shore Gas Distribution

6.1 Sector Description

The distribution of gas within the UK is carried out by the use of two types of system.
Transportation over long distances and storage in bulk is carried out with the natural gas in its
liquefied state that requires refrigeration below - 160° C. Transportation over short distances,
mains buffering and final distribution to end-users is carried out with the natural gas in its
gaseous state at ambient temperature. The conversion from the stored liquid state is carried out
at the UK’s LNG storage facilities. The gas is then distributed around the UK by a network of
high-pressure pipelines and compressors™.

The UK gas supply system™ has been developed to make ‘just in time’ use of the supplies from
the UK continental shelf. These supplies are in decline and will be gradually replaced by
imports from Eastern Europe. Presently the UK only has limited gas storage capacity, enough
for approximately 14 days supply, when compared to other European countries where storage
capacity is in the order of 80 days. The UK gas distribution and storage system is being
developed and new import connectors built.

6.1.1 Greenhouse Gas Emissions

The main green house gases emitted by the sector are methane from fugitive losses and carbon
dioxide derived from the combustion of the fraction of the gas fuel used to drive the re-
gasification units and the distribution compressors.

The level of emissions of methane in 2001 was 343 kt CH,, *° or 7.2 Mt CO,e calculated using
the Kyoto value for the global warming potential for CH, as being 21 times that of CO,. The
majority of the emissions of methane are from the low-pressure distribution system *' and there
is a programme in place to replace all old cast iron pipes within 30 meters of property. This will
steadily reduce methane leakage levels for low-pressure pipelines by 70% of 2002 levels over
the next 25 to 30 years. However, this will still leave a significant level of emissions.

The emissions of carbon dioxide from the sector are approximately 1.5 Mt CO,, of which 1.2
Mt CO, of this comes from the operation of the distribution compressors and 330 kt CO, from
the operation of the combination of the compressors at the storage and interconnector and the
LNG plants**.

*® Gas Delivery Network, www.transco.co.uk/business/index/delivery.asp

* The Future of UK Gas Supplies, Postnote October 2004, Parliamentary Office of Science and
Technology

4 National Atmospheric Emissions Inventory, AEA Technology 2003
*! Projections of non CO, greenhouse gases, ENTEC report for DEFRA 2004

42 EU Emissions Trading Scheme, UK National Allocation Plan 2005-2007, DEFRA 2004
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6.1.2 UK Gas Distribution Compressors

The distribution of gas in the UK is driven by twenty four compression stations. Twenty two of
these are operated by Transco plc and two by BGE Limited. All of these are listed in the UK
NAP allocation for Phase 1.

The twenty-two Transco compressors have been included in this analysis. The two BGE
compressors, at Beatock and one other un-specified location were not included in the analysis.
There are a number of other gas compressors in use around the UK, mainly at the Bacton
Interconnector, the Centrica gas terminal in Barrow in Furness and the Centrica storage facility
in Easington. These were not included in the analysis but the allocation mechanisms discussed
below could be applied to these sites once the type of compressor technology has been
established.

6.1.3 UK LNG Facilities

There are four LNG facilities listed in the on shore gas distribution section of the UK NAP
although National Grid Transco state that they have five such facilities. The status of the fifth
site has not been established. The total emission from the four listed sites is approximately 15
kt CO, and they have not been included in the analysis.

6.2 On-shore Gas Distribution Sector Contacts and Data
Availability

6.2.1 On-shore Gas Distribution Sector Contacts

The following organisation in the sector has been contacted:
* Transco

Project brief and information request sent to Transco. This has been followed by a number of
communications on technical issues. NAP data received from Transco for both compressors and
LNG sites.

6.2.2 Data Availability

A range of data sources on on-shore gas distribution sector have been obtained and reviewed, as
follows:

* FES report on benchmarking

* Data provided by Transco

» Papers on allocation methodologies from other member states
* Other documents as referenced in this section

The investigation and development of the analysis detailed in this section was made possible
through the involvement and co-operation of Transco.
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6.3 Benchmarking Issues for On-shore Gas Distribution

The gas distribution network is of key strategic importance to the UK. The development of the
UK’s gas network will require an increase in the capacity of the compressors. This can be
addressed through the NER allocation methodology*’. There are a number of issues that need to
be considered in the development of an allocation mechanism for the incumbents.

6.3.1 Defined Capacity

The compressors situated in the UK gas pipeline network operate as required by demand for gas
across the UK. The compressors keep the pressure in the main 6,400 km of pipes at about 85
bar. It is important that the pressure of the mains is kept at the correct pressure for safety
reasons. In order to prevent any problems with supply that could occur due to failure of
compressor facilities the system has significant over-capacity, approximately 100% expressed in
terms of MW thermal input. The gas compression capacity of the UK grid is estimated to be
approximately 3400 MW. The capacity required for distribution is therefore approximately
1700 MW. Each compressor station consists of two or more turbines of different ratings and
these are switched in and out of use as required by the continuous monitoring of the mains gas
pressure.

6.3.2 Compressor Type

The design of compressors in the main gas distribution system operated by Transco is standard
for the oil and gas industry. The NER allocation specifies the emission factors for three types of
compressor. These have been taken as representing best practice in the UK.

Table 6.1 Emission factors for types of new compressors in the UK Gas Distribution System

Compressor Type Mw CO; emission CO; emission CO; emission
(Thermal factors at 100% factors at 75% factors at 50%
input) load load load

t CO2/ MWh t CO2/ MWh t CO2/ MWh

Solar Titian 37 0.23 0.27 0.33

Alstom (Siemens) Cyclone 37 0.19 0.20 0.25

GE LM2500+ 70 0.23 0.25 0.29

6.3.3 Fuel Mix

The fuel used to power the gas compressors is the same gas that is being transported around the
system. There are no particular issues with fuel mix that need to be considered within the
allocation methodology.

4 EU Emissions Trading Scheme- Calculating the Free Allocation for New Entrants, DTI, November
2004
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6.4 Allocation Methodologies

Three types of allocation methodology have been developed and analysed for the gas
distribution sector.

1. Allocation based upon that used in the UK NER using historical input data for 2002 and
2003.

2. Allocation based upon that used in the UK NER using a strategic capacity value of 850
MW thermal input, 25% of the installed capacity, for illustrative purposes.

3. Allocation based upon an adjustment factor using historical emissions data for 2002 and
2003.

Table 6.2 Scenario assumptions

Scenario Reported Allocation Allocation Efficiency: Efficiency
Capacity based on based on based on based upon

historical input  historic output installed best practice
data. technology

UK NER with

historic input v v v

data

UK NER with

25% strategic v v v

capacity

Adjustment v v v

factor

6.4.1 UK NER Allocation Methodology *

One area in which the use of benchmarks has been developed is in the calculation of the free
allocation to new entrants. The UK NER method for allocation to the gas distribution sector
makes use of a number of standardised factors in order to arrive at an allocation for new
capacity including predictions of load. However, a comparison of load with nameplate capacity
for the UK’s gas compressors shows that there is little correlation. This will be discussed
below.

Projected Load Defined by Historic Fuel Input
In order to accommodate the fact the load factors are very different from the nameplate capacity
the historical data from the NAP submissions for fuel use for each site has been used.

The allocation amount, A, for a year in t CO, is given by the expression:
A =TFbp x Efc
Where:
Fbp = the average fuel use in MWh in the baseline period, in this case 2002 and 2003.
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Efc = 0.19 tCO,/ MWh, the benchmark for the combustion emissions factor taken from the NER
spreadsheet. This is based upon the best performing compressor, the Siemens Cyclone running
at 100% load i.e. maximum efficiency. The emission factor used in the standard UK NAP
forms is expressed as a range, 0.1805 — 0.1878 tCO,/ MWh.

The allocation for the incumbent compressor stations for one year has been calculated using this
expression. The values are shown in Table 6.3 and compared with the relevant emissions from
the UK NAP.

Table 6.3 Comparison of Allocations based upon Methodology with UK NAP Relevant

Emissions
Site Reference Ratio of UK NER Allocation/ NAP Relevant
Emissions

1 117%
2 172%
3 75%
4 132%
5 114%
6 57%
7 108%
8 34%
9 92%
10 91%
11 138%
12 16%
13 173%
14 120%
15 105%
16 100%
17 118%
18 134%
19 107%
20 6%
21 74%
22 35%

Average 95%
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It is important to note that this allocation methodology makes use of a best performance
benchmark, that of the Siemens Cyclone compressor operating a full load. It is unlikely that it
will be possible to achieve this type of performance at all times in practice.

It can be seen that the allocation under the NER method using historic fuel use and a benchmark
value for combustion emissions is on average lower than the relevant emissions in the UK NAP,
which is also based upon historical data. This is to be expected due to the emission factor being
higher at lower loads.

Projected Load Defined by Strategic Capacity

The second benchmark we consider tries to accommodate the fact that load factors are very
different from the nameplate capacity. To do this we use the historical data from the NAP
submissions for fuel use for each site.

The allocation amount, A, for a year in t CO,is given by the expression:
A =Cx8760x 25% x Efc
Where:

C = the stated nameplate fuel input capacity of the compressors in MWth. There are 8760 hours
in a year.

Efc = 0.19 tCO,/ MWh, the benchmark for the combustion emissions factor taken from the NER
spreadsheet. This is based upon the best performing compressor, the Siemens Cyclone running
at 100% load i.e. maximum efficiency.

The allocation for the incumbent compressor stations for one year has been calculated using this
expression. The values are shown in Table 6.4 and compared with the allocations in the first
phase taken from the UK NAP.
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Table 6.4 Comparison of Allocations based upon Strategic Capacity, with UK NAP Relevant

Emissions
Site Reference Ratio of Strategic Capacity/ NAP Relevant
Emissions

1 74%
2 229%
3 1421%
4 54%
5 61%
6 5755%
7 117%
8 562%
9 136%
10 212%
11 136%
12 21%
13 1046%
14 67%
15 63%
16 141%
17 93%
18 83%
19 83%
20 167%
21 103%
22 223%

Average 94%

This allocation methodology also makes use of a best performance benchmark, that of the
Siemens Cyclone compressor operating a full load. Instead of the historical data the
methodology uses a figure of 25% of the UK’s gas compression capacity, 850 MWth. The
comparison with the UK NAP relevant emissions shows very large variations. This is due to the
lack of correlation between load and hours used. Despite this total allocation is very similar to
that derived for the historical data shown in Table 6.4.

6.4.2 Adjustment Factor Approach

The methodology employed in the Netherlands national allocation plan for Phase 1 of the EU
ETS incorporates both anticipated growth rates and site specific energy efficiency targets. As
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noted previously, sector growth rates are beyond the scope of the current study. The energy
efficiency benchmark is based on either a global best practice figure or on the individual sites’
long term energy saving agreements with the Dutch government.

The same basic methodology used in the Netherlands can be used as an allocation method for
Phase 2 for the on shore gas sector. The key step is to determine an adjustment factor that is
based upon an emissions benchmark. It would be possible to base the adjustment factor on site
specific energy efficiency targets but this would not add any benefit as the whole of the UK gas
distribution system acts more like a single system than a series of individual installations.

The allocation by the adjustment factor method is determined by the following expression:

A=A,

Ay = Ebp X Ebyk gar y/ Ebgecior
Where:
A = the allocation for the five years of Phase 2 in t CO,
y =years 1 to 5, (2008 - 2012 in the EU ETS Phase 2)
A, = the allocation for a year y in t CO,

E,, = the average emissions in tonnes of CO, in the selected baseline period, in this case 2002
and 2003

Ebuyk par = the emission benchmark for the best performance that could be realised from UK
compressor in year y. (This could be substituted by a global or regional based benchmark). This
would need to be determined.

Ebg..or = the actual emission for the sector in the baseline years.

The ratio of the emissions for best performing compressor to the sector average at present in the
UK is unknown. It is possible to estimate the energy efficiency factor, based upon the increase
in efficiency that would be realised by operating the compressors at 100% load rather than at
less efficient lower loads or by technology improvements. This has an illustrative value of 0.95.
In order to facilitate a comparison of the adjustment factor allocation methodology with the
relevant emissions in the UK NAP Table 6.5 uses this 0.95 value for the ratio of Ebyk gat
y/Ebseciory.  The expression was used to calculate allocation values for a single year for the gas
compressors in the UK. These are shown in Table 6.5.
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Table 6.5 Comparisons of Adjustment Factor Allocations with UK NAP Relevant Emissions
Site Reference Ratio of Adjustment Factor Allocation/ NAP
Relevant Emissions

1 107%
2 157%
3 69%
4 121%
5 104%
6 150%
7 103%
8 75%
9 84%
10 83%
11 126%
12 15%
13 157%
14 110%
15 96%
16 91%
17 108%
18 122%
19 98%
20 6%
21 68%
22 32%

Average 87%
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6.4.3 Summary table on development of benchmarks

No Description Activity measure to apply to Level of sectoral Emissions benchmark Comments
benchmark emissions data disaggregation for
benchmark emissions
data
1 NER with historic fuel use Allocation = historic fuel use * emission factor ~ No disaggregation Benchmark = emission factor Limited analysis of historic fuel use
shows high level of variation year
to year
2 NER with strategic capacity Allocation = Installed capacity * emission No disaggregation Benchmark = emission factor
factor * strategic requirement factor (e.g. 25%)
3 Adjustment factor approach Allocation = historical emissions * benchmark  No disaggregation Benchmark = emission factor The development of a sector

emission factor/ Sector emission factor

specific emission benchmark
would be possible.

Note: Y means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the

benchmark of a selected number of sites within the industry.
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6.5

6.5.1

6.5.2

6.5.3

Evaluation of Onshore Benchmarks

Feasibility and Verifiability

All three benchmarks are in principle feasible, as the data are available or could be
made available.

The benchmark approach based on the adjustment factor allocation method
requires site specific energy benchmarks to be available and as the sector does not
participate in the CCA, such benchmarks are not immediately available. It would
therefore require them to be developed, making the method administratively costly
to implement.

Simplicity, Transparency, and Standardisation

Use of the Adjustment Factor benchmarking methodology with site-specific
efficiency targets would reduce the transparency of the approach, because the
equity of individual targets would be very difficult to compare and assess.

The strategic capacity method is more standardised than either of the other
approaches, as the only site-specific information is name-plate input capacity. It is
simpler than the modified NER methodology only insofar as it is complicated to
collect site-specific load data.

Consistent with Site Need for Allowances

Load factors vary substantially in the sector, both across installations and over
time. This suggests that approaches incorporating site-specific utilisation
information will have the advantage of better corresponding to site need. This
applies to the Adjustment Factor and modified New Entrant methods.

An approach that uses site-specific targets (e.g. the Adjustment Factor approach)
could be tailored to match individual site needs well, although a major aim of
emissions trading is to eliminate the need for the kind of detailed site-specific
knowledge that this approach would require.

The use of historic data may help the allocation to match actual need, although the
year-to-year variation in emissions and load at individual sites suggests that
historical activity may not be a good predictor of future activity in this sector.

Actual emissions factors of the fuel used in the onshore sector are lower on average
than the benchmark values used for EU ETS reporting. Other things being equal,
this factor contributes to allocations higher than site need.

Ensuring need at the level of the individual installation may be less important in the
onshore sector than in many others, as ownership is very concentrated. It may be
more important to ensure that sector-level allocations are accurate. This means that
the Strategic Load method may be less inconsistent with ensuring site need than the
above analysis might initially suggest.
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6.5.4 Provides Incentives for Best Practice and “Clean Technology”

The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives
unaffected so they do not differ from those provided under simple grandfathering
or auctioning.

If new entrants receive allocations based on the same methodology used for
incumbents, this may make it more difficult to use benchmarks that are not output-
based or that are differentiated. Input-based and differentiated benchmarks would
be likely to reduce the incentives for clean technology among new entrants.
(Adjustment Factor method)

If the modified New Entrant approach is based on fixed historical fuel input values
its incentives will not differ from those under grandfathering or auctioning,
although they may have greater incentives to add capacity to qualify as new
entrants. If the input data are updated over time, incentives for abatement through
the improvement of efficiency (and therefore reduction of fuel input per unit
output) will be affected. Similar effects on the incentives to maintain high capacity
and improve energy intensity obtain in the Strategic Capacity and Dutch
approaches, respectively.

If Onshore allocations are determined over the longer term by volume of gas
compressed (and possibly by the distance over which it is distributed), and factors
are updated, then this should give incentives to optimise compressor use. On the
other hand, if efficiencies are updated over time to reflect load, there will be less
incentive to optimise compressor use.

Assuming updating, using lower benchmarks may increase the likelihood that the
dirtiest sites will close (relative to another updated case with a higher benchmark).
Without shutdown forfeiture of allowances, incentives for closure are unaffected
by the allocation method.

6.5.5 Minimises “Gaming” and Perverse Incentives

The highly concentrated nature of the sector (which is essentially a regulated
monopoly, although the existence of the Centrica and BGE sites cited above
complicates this somewhat) suggests that allocations to individual installations may
be less important than the allocation to the sector as a whole. In the extreme case
of a monopoly, there may still be concerns about perverse incentives—for
example, incentives to build new sites in preference to expansion of utilisation by
incumbents, or disincentives to closure. However, these will no longer be concerns
about fairness but concerns about overall economic efficiency.

With updating, and particularly allocation to new entrants, the Strategic Capacity
allocation provides incentives for the installation of new capacity over better use of
existing sites. This would change if parameter values, too, were adjusted
periodically
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» Using different approaches to allocate to new entrants and incumbents will distort
incentives. This is unavoidable in approach relying on historic data (modified new
entrant method, Dutch approach). However, if the risk of leakage means that
updating is deemed unavoidable, then it is possible to give incentives to clean new
entry by granting higher allocations to clean new entrants than to incumbents with
similar capacity. This is in effect subsidising entry at the expense of incumbents,
and may be even further from optimal than a case in which an incumbent (sub-
optimally) stays open rather than shutting down.

6.5.6 Certainty

* As with other sectors, use of updating reduces certainty about absolute allocation
levels, but can provide greater certainty about per-unit-output shortfall or surplus of
allowances. Depending on the characteristics of the sector, one or the other of
these may be preferable.

» Certainty about allocations will also depend to a large extent on whether certainty
is provided at the level of the sector allocation. This is particularly relevant in the
onshore sector, where ownership is very concentrated.

6.5.7 Consistency with Other Member States

e It would be difficult for gas networks in other Member States to compete with the
UK’s national distribution network, so there is likely not to be much concern about
whether the allocation methodology is consistent with other Member States. If the
benchmarking approach were to significant increase the cost of supplying and
purchasing gas from the network, this could raise energy prices in the UK, which
could in turn raise concerns about consistency with other member states. However,
the cost of emissions allowances is likely to be small relative to the other costs of
using natural gas.

6.5.8 Consistency with Energy White Paper

e If allocations used an output-based approach that updated load factor over time,
this could encourage “production” and therefore incentivise use of gas by
moderating any increases in transmission and distribution prices as a result of the
EU ETS. The associated cost differences are likely to be relatively small relative
to the cost of the fuel itself however, so it is unlikely that there would be any
appreciable effect on prices.

* The gas distribution network is clearly a crucial element of the UK’s security of
energy supply, and as such it is important that the network not be forced to shut
down as a result of the EU ETS. However, even if the sector were allocated no
allowances, it is likely that it would be able to pass through any costs associated
with the EU ETS along to the network users. Therefore there is very little chance
that security of supply would be risked by any particular benchmarking approach,
or indeed any particular allocation approach. (In the absence of any updating the
allocation approach is no expected to affect production decisions, including
decisions to close.)
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6.5.9 Summary and Tentative Recommendations

Table 6.6 Summary Evaluation of Onshore Benchmarks

Benchmark Approaches

Criterion Modified New Strategic Adjustment
Entrant Capacity Factor
Approach

Technical Feasibility and Verifiability Good Good Poor
Standardisation/Simplicity Fair Good Poor
Transparency Good Good Poor
Meets Site Need Good Very Poor Good
Incentives for Clean Technology Poor Fair Poor
Perverse Incentives/Gaming Fair Poor Fair
Certainty Poor Good Fair
Other Member States Fair Fair Fair
Energy White Paper Good Good Good

Notes: The Emissions Adjustment Approach cannot be evaluated fully without knowledge of the
energy intensity index that would be used. The impact on incentives of each approach depends on
the nature of updating, if any, embodied in the allocation approach. Results in the table should be
evaluated in the context of explanations given in the text.

Three benchmarking approaches have been considered for the onshore sector based on fuel
input (modified New Entrant method), capacity (Strategic Capacity method), and energy-
intensity adjusted historic emission (Adjustment Factor method). All three methods were found
to be feasible, subject to the determination of a suitable index for the Adjustment Factor
method.

The onshore sector is characterised by high variability in load factors, both across sites and over
time. In principle, benchmarks incorporating historic data may be better able to account for this,
and the failure of the Strategic Capacity method to do so does result in high variance of
allocations to emissions. However, the variability of load factors over time is high in the
onshore sector and it is not clear that historic data will be an accurate basis for projections.
Also, the concentrated nature of the sector may mean that ensuring the correspondence of
allocations to emissions for individual sites is less important than in other sectors. The Strategic
Capacity benchmark may therefore have more to recommend it than a mere consideration of the
resulting variance in site-level allocations relative to emissions would suggest.

It may be possible to use a benchmark that treats onshore installations as generic combustion
installations. Many of the problems of variable load apply also to this sector, and the onshore
sector is included in the trading scheme under the heading of combustion installations. Please
refer to the chapter on other combustion installations for more details and evaluation of this.
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With updated allocations (including allocations to new entrants and shutdown forfeiture) some
additional considerations are relevant to the evaluation of the benchmarks. With allocations to
new entrants the incentive properties are, generally speaking, better for benchmarks based on
capacity or output than for ones based on input, as the latter do not preserve incentives to use
energy efficient technology. Similar results obtained for the updating of factors or utilisations
between periods, which affect the incentives for emissions abatement by incumbents.

In sum, benchmarking would appear to be feasible in the onshore sector, although the choice of
method is not straightforward. This will depend to a large degree on how desirable the use of
historic data is felt to be.
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7. Off-shore Oil and Gas

7.1  Sector Description

The UK has an extensive offshore oil and gas industry that makes a major contribution to the
economy. Of the EU Member States, the UK has the most extensive offshore industry, with
other Member States involved in this sector including the Netherlands, Germany and Denmark,
although the offshore industries of these countries are much smaller than for the UK. In
addition to the UK, Norway is the other significant operator of offshore facilities in European
waters.

The rate of production of oil and gas from the UK continental shelf has started to decline as
supplies have become reduced and extraction becomes more difficult to achieve. UKOOA
projects that total oil and gas production will decrease significantly over the coming years, with
approximate values for total oil and gas production as follows:

e Total production in 2001 was around 4,100 kboepd (thousand barrels of oil
equivalent per day);

* Production in 2005 is forecast to be around 3,600 kboepd;
e Production in 2010 is forecast to be around 2,500 kboepd; and
* Production in 2020 is forecast to be around 500 kboepd (UKOOA, 2004).

These figures include sanctioned, incremental, probable and possible developments but do not
include exploration and appraisal.

In contrast to the above trend, for an individual installation, relatively greater energy use is
required to maintain levels of production as fields become more mature. For gas reservoirs,
greater energy use is needed to pump gas onshore as gas pressure falls. For oil, greater energy
use is needed because higher rates of re-injection are required to maintain production.

The main installations in the sector are the production platforms located in the UK section of the
North Sea. These are used to extract the oils and gases from the wells, condition them and then
transport them via a pipeline to shore based terminals. The oils and gases are then distributed to
the gas processing installations and refineries where they are converted into a wide range of
products.

Production platforms are large and complex facilities that are designed to operate in the hostile
environment of the North Sea. Due to their distance from land they are designed to be self
sufficient in their power supply. Typically a platform will have between 3 and 6 large gas
turbines to generate electricity and compress gas. For a range of technical and safety reasons
there is substantial over capacity at these facilities. In addition to the main generation units
there are also a number of smaller standby engines designed to drive fire water systems and
other emergency units.

Overall, it is estimated by UKOOA that of the energy used in the offshore sector:

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



144

e 70% is for compression and pumping;

e 25% is for power generation for other facilities;

* 2% is for process heating, ventilation and air conditioning; and
* 3% is for various other applications.

There are currently estimated to be 119 UK existing offshore gas turbines (of at least SOMWth)
in the North Sea according to UKOOA, with this number declining to 101 in 2010, 68 in 2015
and 29 in 2020. Furthermore, it is anticipated that there will be few new large installations
developed on the UKCS that will significantly change this forecast. For example, over the last 3
years there have only been 5 IPPC applications for new offshore gas turbines.

These gas turbines are mostly fuelled by natural gas produced from the field under operation.

It is estimated (EC, 2003) that 44% of the turbines operated offshore are “dual fuel”, which can
burn either gas or diesel. This type of plant is generally used to generate electricity for activities
on board a platform. Diesel is normally only used for non-routine operations or emergencies,
e.g. when the gas production has shut down. Diesel is also used for start-up when only a limited
amount of natural gas is available.

The remaining 56% of plants burn only gas, and are used primarily for mechanical drives, such
as gas compression.

There are two basic types of industrial gas turbines used on offshore platforms, aero-derived gas
turbines (widely used for gas and oil pumping and electrical power generation) and the heavy
duty gas turbines (used mainly for electrical generation).

711 Greenhouse Gas Emissions

The main green house gas emitted by the sector is carbon dioxide, with approximately 19 Mt
CO,*, emitted from the combustion of fossil fuels in the engines and turbines that power the
processes on the 90+ production platforms located on the UK continental shelf. By comparison
the operation of the onshore terminals only contributes approximately 1 % to this total. Carbon
dioxide is also released from the flaring off of impurities removed from the extracted oil and gas
prior to it being transported off the platforms.

The sector also emits methane from fugitive losses. According to a recent report for Defra®,
estimates by UKOOA of methane emissions were:

e 69kt in 2001 (or 1.4Mt CO2e, using the Kyoto value for the global warming
potential for CH4 as being 21 times that of CO2);

* 56kt in 2003 (1.2Mt CO2e);
¢ roughly 49kt in 2010 (1.0Mt CO2e) and

* EU Emissions Trading Scheme, UK National Allocation Plan 2005-2007, DEFRA 2004

* Entec, 2004, Non — CO2 Greenhouse Gas Emission Projections Report for Defra Global Atmosphere
Division.
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» Half this figure by 2015 (24.5kt).

7.2 Off-shore Oil and Gas Sector Contacts and Data
Availability

7.2.1  Off-shore Oil and Gas Sector Contacts
The following organisations in the sector have been contacted:

e UKOOA
e DTI Offshore Unit

Project brief and information request sent to UKOOA. E-mail and phone communications that
have provided feedback by UKOOA on a number of benchmarking issues.

7.2.2 Data Availability

A range of data sources on the off-shore oil and gas sector have been obtained and reviewed, as
follows:

* FES report on benchmarking
* Papers on allocation methodologies from other member states
* Journal articles and research papers on benchmarking issues

¢ Other documents as referenced in this section

7.3 Benchmarking Issues for the Offshore Oil and Gas
Sector

7.3.1 Defined Capacity

The engines and turbines on the production platforms operate at a range of different loads in
response to the requirements of the oil and gas production, well management and pipeline
availability. This feature of their operation and the fact that there has to be such a large standby
capacity means that it is difficult to develop an allocation methodology based upon a
combination of a capacity value and a benchmarked figure (for either energy efficiency or
emissions). The variation in the use of the installed capacity on production platforms is
illustrated in Figure 1.1 by comparing the quantity of fuel input with the nameplate capacity,
expressed in MW thermal input.

Figure 7.1  Variation in use of Combustion Capacity for Selected Platforms
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7.3.2 Increase in Energy Intensity
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The extraction of oil and gas will get more energy intensive as techniques such as well head re-
injection are used to maintain the production rates. This will have to be accounted for in the
allocation for Phase 2. The effect of consolidating production onto fewer platforms has been
considered but it is a very expensive option. UKOOA gave the example of the Forties field
where there are currently five production platforms operating. If the field was developed today
then only one platform would be required. The total number of platforms is expected to
decrease. The level of total CO, emissions from the sector may therefore also decrease
provided the increase in energy intensity by the remaining platforms is not too great.

7.3.3  Fuel Mix

At present the fuel used to power the engines and turbines compressors is the same gas that is
piped ashore. As the extraction becomes more difficult there may be the need to make
increased used of diesel fuel which has a higher carbon emission factor. The need to use diesel
will arise in fields where the gas will run out before the oil. The oil is also a source of
hydrocarbon gas but this is a more contaminated material than the “lean” gas from a gas field
that is practically 100% methane. The alternative to using diesel, which is expensive and has to
be transported to the platform, is to construct a pipeline from nearby field that still has a gas

supply.

7.4 Benchmarking Approaches

Two types of allocation methodology have been developed and analysed for the offshore oil and
gas sector.

* Allocation based upon that used in the UK NER using historical input data for
2002 and 2003, for illustrative purposes.

e Allocation based upon an adjustment factor using historical emissions data for
2002 and 2003, for illustrative purposes.
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7.4.1 UK NER Allocation Methodology *

One area in which the use of benchmarks has been developed is in the calculation of the free
allocation to new entrants to the EU ETS. The UK NER method for allocation to the offshore
oil and gas sector makes use of a number of standardised factors in order to arrive at an
allocation for new capacity including predictions of load. However, it is difficult to derive
accurate values for the predicted load.

The degree to which any one turbine or engine on a platform could be used in the future is
difficult to predict. Consequently an allocation methodology has been developed that makes use
of the historical data from the NAP submissions for fuel input in order to provide a value for
future use.

The allocation amount for an installation, for a year in t CO,is given by the expression:
A = Fbp x Efc x 24%

Where:

A = the allocation for a year in t CO,

Fbp = the average fuel use expressed as MWh input over the baseline period, for illustrative
purposes 2002 and 2003. These years have been used as they represent the most recent
available data of the turbines. It would be possible to use different years or an average from a
wider range of years.

Efc = 0.86 t CO,/ MWh, the combustion emissions factor at 100% load for a new entrant
process taken from the NER spreadsheet. This emission figure appears to be output based but
this is not entirely clear from the layout of the spreadsheet and would therefore need clarifying.

The figure of 24% is a standard figure for the efficiency of existing compressors and engines
taken from the NER calculations.

The allocation for a sample of the incumbent production platforms for one year has been
calculated using this expression. The values are shown in Table 7.1 and compared with the
relevant emissions from the UK NAPError! Bookmark not defined.. The direct comparison
should be treated with caution as the UK phase 1 allocations for the sector had the NER
allocation subtracted from it.

4 EU Emissions Trading Scheme- Calculating the Free Allocation for New Entrants, DTI, November
2004
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Table 7.1 Comparisons of Allocations based upon the UK NER, Historical Fuel Input, with UK
NAP Allocations

Site Reference Ratio of UK NER/UK NAP Relevant Emissions
%
1 115%
2 97%
3 107%
4 102%

It is important to note that this allocation methodology makes use of a performance benchmark
for emissions as listed in the NER Allocation spreadsheet. It can be seen that the allocation
under the NER with historical fuel input, is higher on average than the relevant emissions listed
in the UK NAP, which is also based upon historical data. This may indicate that the emission
factor or the assumed efficiency figures used in the NER spreadsheet are higher than those of
the actual installations, and therefore potentially not BAT based. This would need to be
examined in more detail and is a recommendation for further work outside the scope of this
study.

7.4.2 The Adjustment Factor Allocation Methodology

The methodology employed in the Netherlands national allocation plan for Phase 1 of the EU
ETS incorporates both anticipated growth rates and site specific energy efficiency targets. As
noted previously, sector growth rates are beyond the scope of the current study. The energy
efficiency benchmark is based on either a global best practice figure or on the individual sites’
long term energy saving agreements with the Dutch government.

The same basic methodology used in the Netherlands can be used as an allocation method for
Phase 2 for the offshore oil and gas sector. The key step is to determine an adjustment factor
that is based upon an emissions benchmark. It would be possible to base the adjustment factor
on site specific energy efficiency targets but this would need to account for the increase in
energy intensity of oil and gas extraction from depleted fields.
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The allocation by the adjustment factor method is determined by the following expression:
A=3%A,
Ay = Ebp X Ebyk Bar y/ Ebsecior
Where:
A = the allocation for the five years of Phase 2 in t CO,
y =years 1 to 5, (2008 - 2012 in the EU ETS Phase 2)
A, = the allocation for a year y in t CO,

E,, = the average emissions in tonnes of CO, in the selected baseline period, in this case 2002
and 2003

Ebuk gar y = the emission benchmark for the best performance that could be realised from UK
compressor in year y (This could be substituted by a global or regional based benchmark). This
would need to be determined.

Ebg..or = the actual emission for the sector in the baseline years.

The ratio of the emissions for best performing installation to the sector average at present in the
UK is unknown. The derivation of a true factor for the offshore sector will be a complex
undertaking as the relative increase in energy consumption will have to balance against the
improvements in energy technology and operational best practice.

In order to facilitate a comparison of the adjustment factor allocation methodology with the
relevant emissions in the UK NAP, Table 7.2 uses a value of 0.95 for the ratio of Ebyg
BAT/Ebseciory. This comparison is shown in Table 7.2.

Table 7.2 Comparisons of Adjustment Factor Allocations with UK NAP Relevant Emissions

Site Reference Ratio of Adjustment Factor/UK NAP Relevant
Emissions
%
1 95%
2 85%
3 73%
4 86%

The allocation under the adjustment factor approach using the historic emissions from 2002 and
2003 is lower than the relevant emissions listed in the UK NAP. The main reason for this is that
the latter is based upon average values from five of the previous six years emissions. The
majority of the installations in the sample have reduced their use of fuel over this period. Hence
the values for the last two years will be lower than the average.
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The historical data in the NAP could be used to project an installation specific decline factor.
This would have the advantage of adding grater certainty to the future allocations.
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743 Summary table on development of benchmarks
No Description Activity measure to apply to Level of sectoral Emissions benchmark Comments
benchmark emissions data disaggregation for
benchmark emissions
data
1 NER with historic fuel use. Allocation = historic fuel use * output emission ~ No disaggregation Benchmark = output emission \/ Limited analysis of historic fuel use
factor * standard efficiency factor factor shows high level of variation year
to year.
Differentiation between type of
output i.e. electricity, compression
or heat is not clear in the NER
method.
2 Adjustment factor approach Allocation = historical emissions * benchmark  No disaggregation Benchmark = emission factor v The development of a sector
emission factor/ Sector emission factor (e.g. UK best performance) specific emission benchmark
would be possible.

3 Site specific load factor Capacity * site specific load factor No disaggregation Not assessed Limited data availability on load
factors restricts applicability of this
method.

4 Site specific load factor with Capacity * standard/site specific load factor Different Separate production based Limited data availability restricts

process differentiation

process/technologies for
extraction of gas and oil

benchmark for oil and gas
extraction.

applicability of this method.

Note: Y means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the
benchmark of a selected number of sites within the industry.
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7.5 Evaluation of Off-shore Oil and Gas Benchmarks

The two allocation methodologies can be characterised by the assumptions upon which each one
is based. This information is shown in Table 7.3.

Table 7.3 Methodology assumptions
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Key summary comments related to the evaluation include:

7.5.1 Feasibility and Verifiability

It will be difficult to develop a site specific allocation methodology for the offshore
oils and gas sector giving accuracy at a platform specific level as the extent to
which the combustion units will be used cannot be accurately determined at this
level.

The specific energy consumption for the production at each platform is also non-
standardised as the extraction of oil and gas has different energy requirements in
different fields.

It would be possible to apply a benchmark for the efficiency of the combustion
units, based upon best practice as used in the NER method, to the whole sector but
there may be significant platform by platform variations in how they will perform
against their allocation.

The development of an energy intensity index for the offshore sector would be a
complex undertaking and may not be feasible.

7.5.2 Simplicity, Transparency, and Standardisation

Negotiation of energy efficiency targets is typically not a transparent process, even
at the sector level. It would probably be even less transparent at the site level.
This works against the Adjustment Factor approach.

A direct extension of the FES new entrant benchmark to incumbents has not been
evaluated as its application would be complex, data were not available, and a
prediction of load would be difficult to obtain. The modification to use historic
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fuel use results in a simpler benchmark with a greater degree of transparency and
standardisation. (modified NER method)

The figure used for the modified NER approach was developed especially for the
NER allocation. There are few other standardised figures for the Offshore sector;
the sector is not included in the BAT Reference Notes, and no other studies have
been identified with which this value could be compared. It is therefore hard to
verify that the figures used here correspond to best practice, and transparent
benchmark figures for the offshore sector may not exist.

Negotiation of energy efficiency targets is typically not a transparent process, even
at the sector level. It would probably be even less transparent at the site level.47
This would work against the Adjustment Factor approach unless negotiated targets
were not used and standardised targets were used instead (though no such factors
exist at present).

7.5.3 Consistent with Site Need for Allowances

Calculations on a limited sample of installations using the modified FES new
entrant method for incumbents and using 2002-2003 historical information about
fuel usage suggests that this method results in higher allocations than the average
emissions in the 1998-2003 period, dropping the year with lowest emissions.. As
noted, a potential explanation for this is that the benchmark used is less stringent
than BAT. This would need further investigation to be firmly established. It is not
clear what exactly the benchmark output emissions factor represents, and how it
compares to international best available technology or practice.

Subject to the development of an appropriate index, the emissions adjustment
method could be modified to take account individual sites’ energy efficiency
potential. This might be particularly important in the offshore sector, as energy
intensity is expected to increase at several sites. For the same reason, however, it
would always be a very complex undertaking and a transparent index would be
hard to obtain. One of the benefits of emissions trading is to eliminate the need for
the detailed site-specific knowledge that would be required to determine and
negotiate site-specific targets.

Site-specific idiosyncrasies in capacity utilisation and other conditions are
prominent characteristics of the offshore sectors. Both benchmarks analysed here
use historical information to attempt to address this. However, the analysis of
historic utilisation reveals substantial year-on-year variation, making it difficult to
ensure that the baseline period used is representative of future conditions. In
addition, there are several other sector-specific reasons why historic information is
less useful as a prediction of future conditions in the offshore sector than it is in

*7 The use of pre-existing site-specific targets also lacks transparency, but it may be fair to use
them if they represent agreements prior to emissions trading and reflect what is actually possible
at a particular site—under emissions trading what is actually feasible at any particular site need
not limit the targets that are set, since a site can always use the emissions market.

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

15187

Entec NERA

Economic Consulting



154

several other sectors. Amongst other things, decreased production and reservoir
depletion is associated with rising energy intensity of extraction, and the emissions
intensity of extraction may depend on the relative reserves of oil and gas. Finally,
the overall production of the sector is projected to decline substantially. For these
reasons, individual sites may be exposed to the risk of a shortfall in allocation to a
greater extent than in some other sectors.

There may be a risk that allocation shortfalls would be unevenly spread across
companies, resulting in competitive distortions. One reason for this is that
installations operating in fields nearing their end-of-life often are sold on to
specialised companies. A method resulting in under-allocation to such sites (for
the reasons mentioned above) could therefore affect some companies harder than
others. To some extent, however, this concern is a reflection of risks inherent to
the industry that may not be best addressed through the choice of allowance
allocation method.

As the benchmarking methods analysed here use historic data they would differ
from those used for new entrants. It may therefore be difficult to ensure that site
need is reflected to the same extent among new entrants and incumbents.

7.5.4 Provides Incentives for Best Practice and “Clean Technology”

The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives
unaffected so they do not differ from those provided under simple grandfathering
or auctioning.

If the modified NER approach is based on fixed historical fuel usage values its
incentives will not differ from those under auctioning. If the input data are updated
over time, incentives for abatement through energy efficiency measures will be
blunted. Similarly, using fixed historical emissions for the Adjustment Factor
approach would provide incentives similar to auctioning, while updating of
emissions between periods would blunt overall incentives for emissions reductions.

Incentives under the emissions adjustment approach may differ because of the
possibility of differentiating efficiency targets by technology types and production
techniques (e.g., different types of platform or reservoir). Assuming there is no
such differentiation, the incentives should not differ from those under auction
except under the above circumstances.

The incentives can only favour “cleaner” technology to a greater extent than
auctioning if the overall EU allowance price is assumed not to remain constant.

7.5.5 Minimises “Gaming” and Perverse Incentives

As with other sectors, all forms of updating distort incentives for the cost-effective
abatement of emissions. For example, there are potentially perverse incentives if
new entrant allocations are differentiated by technology, and also if incumbents can
“reclassify” themselves as new entrants..
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If targets and utilisations are updated between periods, incentives will be distorted
less if the factors used are not site-specific and are differentiated as little as
possible. Both benchmark methods considered here are differentiated to site level
and there is therefore little difference between them in this regard.

Using different approaches to allocate to new entrants and incumbents will also
distort incentives. This is particularly relevant as both of the approaches
considered here are based on historic emissions which would not be available for
new entrants.

7.5.6 Certainty

The modified new entrant method relies on historic fuel use that would be known
to the operator; for a given efficiency benchmark and fuel emissions factor, the
allocation would therefore be known with great certainty. If fuel use is updated
over time, future allocations would depend on current and future fuel usage,
potentially in a complicated way, which would lead to increased uncertainty.

The certainty of allocations under the Adjustment Factor approach depends on the
nature of the efficiency target. If targets are negotiated this may be low. Although
sites (or sectors) may feel that they have some control over their own targets, their
allocations may be affected by targets negotiated with other sites (or sectors), over
which they may have little influence.

Actual allocations may depend not only on the benchmark method and value used,
but also on the stringency of the cap set for the offshore sector and the non-trading
sector as a whole. This is an issue outside the scope of this study.

7.5.7 Consistency with Other Member States

Formally the Adjustment Factor approach has the potential to be consistent with
other Member States and has the advantage of already being used in the
Netherlands. However, there is little guarantee that the resulting allocations will be
similar on a per-unit-output or per-unit-capacity basis. They may also differ as a
result of differences in expected growth rates and if energy efficiency targets are
negotiated along different criteria. It would of course be possible to harmonise
most of the parameters, apart from historical emissions. If projected emissions
were used, then all parameters could be made consistent.

In any case, comparisons with other member states may be less important for the
offshore sector, as few other countries have corresponding installations and/or
levels of activity.

7.5.8 Consistency with Energy White Paper

The offshore sector is clearly a crucial element of the UK’s security of energy
supply. Abatement of emissions through the shutdown of production is therefore
likely to be less acceptable than in other sectors. Without shut-down forfeiture and
other updating, the profitability of continued production will depend exclusively on
how the operating margin per unit tonne CO, emitted compares to the allowance
price. The decision to continue operation would therefore be unrelated to the
allocation approach.
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7.5.9 Summary and Tentative Recommendations

Table 7.4 summarises the evaluation of the two benchmarks evaluated for the Offshore sector.

Table 7.4 Evaluation summary

Benchmark Approaches

Criterion NER Approach  Adjustment
Factor
Approach
Technical Feasibility and Verifiability Good Poor
Standardisation/Simplicity Good Fair
Transparency Good Poor
Meets Need Fair Fair
Incentives for Clean Technology Fair Fair
Perverse Incentives/Gaming Fair Poor
Certainty Good/Fair Fair
Other Member States Poor Fair
Energy White Paper Good Good

Note: evaluations and comparisons of benchmarking methods, in particular of their incentive
properties, may vary substantially depending on what (if any) aspects of updating are present in
the overall allocation methodology. The summary evaluation in this table should therefore be
interpreted with caution and not relied upon without reference to the explanation in the text.

It is likely to be harder to arrive at a satisfactory benchmarking approach in the offshore sectors
than in many other sectors. The correspondence of the benchmark used for new entrants in the
NER methodology to “best practice/technology” has not been established. Also, there is no
energy intensity index readily available, and the sector has no CCA agreement that could be
used as a starting point.

In addition, the sector has several characteristics that differ from those of most other combustion
installations and are peculiar to the extractive nature of the sector. A simultaneous decline in
production and increase in energy intensity are projected. While sector-average developments
may be predictable to some extent, there is a high degree of uncertainty about the development
of these parameters at the level of the individual installation. The sector is also highly
heterogeneous both in factors such as the age of installations and the characteristics of
individual reservoirs. Because of this variability in installation conditions, projections of load
are difficult to make, making the use of a benchmark similar to that used for new entrants
difficult. However, many of the difficulties arising from these special features of the sector
would be common to allocation approaches other than benchmarking as well.

In the absence of a pre-existing index, the Adjustment Factor approach is mainly a theoretical
possibility. Instead, a modified version of the NER new entrant method has been considered,
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based on historic fuel use instead of predicted load. This method would be feasible but has
some disadvantages:

First, investigation of a sample of sites suggests it may result in over-allocation. Before it is
used for allocation, it would therefore be important to revisit the output emissions factor used
for the NER allocations to ensure it is consistent with best technology and/or practice.

Second, the use of historic data may be particularly unsuitable in the offshore sector. At the
sector level, production is projected to decline significantly over coming years, and without any
adjustment for this it is likely that significant total over-allocation will ensure. This could
potentially be addressed through a sector-level growth rate. Meanwhile, at the installation level,
the energy intensity of extraction may increase in potentially unpredictable ways, resulting in
under-allocation for individual sites. On the other hand, these features are tied to inherent
features of the industry which may not be best addressed by modifications to an otherwise
standardised method for the allocation of allowances.

As with all allowance allocation, the use of updating (including revision of utilisations and
factors, forfeiture of allowances upon shutdown, and allocation to new entrants) has the
potential to distort the incentives for cost-effective abatement provided by the trading scheme.
It may also affect the assessment of the benchmark methods. Generally speaking, incentives are
less distorted with less differentiation, and the benchmark considered is differentiated to the
level of the individual site (through the use of historic fuel usage data).

In sum, the modified new entrant method offers a possibility to allocate to the offshore sector,
but several issues need careful consideration before a final method is developed. As historic
data needs to be used, it is not clear in how far benchmarking offers a significant advantage over
the use of current Phase I allocations, potentially scaled to reflect known future developments in
the sector.

7.6 Potential for inclusion of flaring

7.6.1  Activity description

Whilst natural gas is a valuable commodity, on most platforms a proportion of gas is
deliberately burnt in the flare system. Flaring takes place for two reasons:

1. On installations that produce both gas and oil (most fields produce at least some
associated gas), a flare is kept lit at all times as a vital safety precaution; and

2. Some fields do not produce gas in quantities that would justify the investment needed to
transport it to shore. In these cases, gas may be re-injected into the reservoir to help
maintain reservoir pressure, while some will be flared to maintain oil production rates.

Gas flaring is controlled by the DTI through a Flare Consent’, which puts a ceiling on the
amount of gas each facility can flare each year. Because gas has economic or practical value,
operators try to reduce the amount flared even further, if possible.

DTTI’s objectives under the Flare Consent scheme for reductions in the total volume of gases
flared or vented are driven primarily by conservation of resources, rather than environmental
protection. However, reductions achieved in meeting these objectives will also achieve
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corresponding reductions in CO2. There is a range of methods that could be used to reduce
emissions associated with flaring and including (EEA, 2002):

* High integrity pressure protection systems (HIPS) including re-introduction of gas
leakages;

* Use of nitrogen as a purge gas;

* Alternative methods for glycol regeneration;

* Re-injection of gas into gas reservoirs;

» Increased possibilities for transport and storage capacity of gas; and

* Reduced requirements for a pilot flame.

7.6.2 Greenhouse gas emissions

Emissions of CO2 from flaring in the oil and gas sector were estimated to be 4.6Mt in 2002*,
the majority of which are assumed to relate to offshore flaring. Section 7.1.1 reports that CO2
emissions from the offshore activities covered by the EUETS are approximately 19Mt. As such,
flaring emissions are estimated to represent approximately 20% of offshore CO2 emissions. At
an individual platform level, however, it could vary from almost zero (for a dry gas platform) to
more than 50% (for an oil platform without gas export).

The aggregate 2002 emission factor for flaring from the UK Greenhouse Gas Emissions
Inventory was 2.64 kg CO2 per kg gas flared.

The overall level of offshore flaring has shown a downward trend in recent years, as shown in
Table 7.4, based on data from the UK Greenhouse Gas Emissions Inventory. Over the six year
period 1996 to 2002, the reduction was approximately 33%.

Table 7.5 Activity Data for Flaring

Gas Flared (kt) Gas Flared, Offshore Gas FIaredQOnshore
(SCOPEC Data) Fieldss & Terminals Fields (Mm®) (DTI data)
(Mm®) (DTI data)

2002 1710 1665 19.1
2001 1869 1808 11.6
2000 1906 1814 15.0
1999 1880 2206 4.6
1998 2090 2110 NE
1997 2098 2122 7.0

* UK Greenhouse Gas Inventory 1990 to 2002: Annual Report for submission under the Framework
Convention on Climate Change.
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Gas Flared (kt) Gas Flared, Offshore Gas FIaredéonshore
(SCOPEC Data) Fielgs & Terminals Fields (Mm®) (DTI data)

(Mm®) (DTI data)

1996 2571 2539 15.0

It is noted that in 2001, companies representing around 45% of the UKCS production
participated in the ‘Flare Consents Trading Scheme’, intended to reduce the overall level of
flaring. In 2001, this led to a 12.5% reduction in emissions, with similar gains achieved by
other companies not participating in the scheme (UKOOA, 2002).

7.6.3 Benchmarking issues

Safety
It has been highlighted above that a key function of the flare system on an offshore platform is
to act as a safety device in the event of excess build up of gas pressure.

As such, prior to potential inclusion of flaring within Phase II of the EU ETS, any potential
impact of such inclusion on the safety of offshore platforms would need to be examined in
detail.

It is observed that whilst flaring at petroleum refineries is included within the scope of the EU
ETS, flaring at petroleum refineries represents a much smaller percentage of overall installation-
wide CO2 emissions than flaring on offshore platforms (roughly estimated to be 5% and 20%
respectively). Furthermore, it is possible that flaring activities on offshore platforms may be
subject to more uncertainty due to changes in the gas reserves.

Changes in production
Any potential benchmark for offshore flaring would need to take into account key production
trends including:

* The forecast decrease in overall offshore production and the associated impact in
the amount of gas flared, which reduced by 33% in the six year period to 2002; and

* The requirement for flaring may become more unpredictable due to possible
changes in the oil and gas composition as a field gets towards the end of its
production.

Emissions estimation issues

Methods have already been established for the estimation of CO2 emissions from flaring,
including, for example, guidelines from UKOOA. The basic principle is that emissions should
be calculated based on the fuel mass burnt and carbon content of fuel, although there may be
some practical difficulties to overcome in measuring flows and compositions.

7.6.4 Summary points
The key points from this section can be summarised as follows:
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CO2 emissions from flaring make up a reasonable (approximately 20%) proportion
of overall CO2 emissions from the offshore sector;

Absolute CO2 emissions from flaring are expected to decline due to future declines
in production and the impact of DTI’s Flare Consent scheme. The expected
decline in future CO2 emissions from flaring would need to be taken into account
in developing a benchmark;

It appears that methods and guidelines on estimating emissions from offshore
flaring are already established, and it appears technically feasible to develop
benchmarks for this activity;

Due to the uncertainties in the amount of flaring caused by expected future changes
in the gas/oil reserves and the safety function of the flare, the site specific
performance compared with any allocation may be more difficult to predict than
for other activities/sectors; and

In view of a key purpose of flaring being to act as a safety device, the potential
implications on platform safety as a result of including flaring in the EU ETS
would need to be examined in detail.
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8. Glass

8.1 Sector Description

The manufacture of glass involves the melting together of a range of minerals at very high
temperatures. The main raw material is silica, in the form of sand, which is combined with soda
ash and limestone and melted at temperatures of around 1700°C. Other materials can be added
to produce different colours or properties and when molten the glass can be manipulated into the
required form or product. The composition and the rate at which it is allowed to cool are the
two key factors that determine the properties of the glass.

The EU ETS® covers the activities of installations for the manufacture of glass including glass
fibre where the melting capacity of the plant is more than 20 tonnes per day. The emissions
from the process are solely carbon dioxide, however these stem both from the combustion of
fossil fuel within the furnaces and also from process itself, through the liberation of CO, from
raw materials such as soda ash.

The glass industry is classified into four main categories:
* Container Glass
* Flat Glass
* Special Glass
*  Mineral Wool

Container glass covers the production of bottles and jars and accounts for approximately 60% of
glass production in the UK. Flat glass is the second largest sub-sector and covers the production
of float glass and rolled glass. The Mineral Wool sub-sector although included within the glass
sector, is represented by a separate trade association in regard to energy consumption and has a
separate Climate Change Agreement. The sub-sector mainly covers insulation products for the
construction industry.

The special glass sub-sector covers a range of diverse products. Within the context of IPPC
legislation, the glass industry identifies further categories that include:

* Special Glass
¢ Domestic Glass
¢ Frits; and

¢ Glass fibre.

* European Union Emission Trading Directive 2003/87/EC
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Special glass refers primarily to products such as lighting, television tubes and oven hobs and
domestic glass covers tableware and giftware. Frits are enamel products used in the manufacture
of glazes and pigments for the ceramics industry and glass fibre covers a range of applications
including continuous fibre and textiles. For the purposes of assessing energy consumption and
CO, emissions, these sub-sectors are all classified under the Special Glass category as the
production process is either unique within the UK or sufficiently diverse to make comparison
with others inappropriate.

Table 8.1 summarises the number of installations covered by the EU ETS and the typical UK
production for each sub-sector. The production figures have been taken from information
obtained from publications by British Glass available on their website.

In addition, four of the installations in the glass sector are separate power generation plants that
are associated with glass production. These are covered under the general combustion sector.

Table 8.1 UK Glass industry categories and production

Total
Number of Production
Sub-sector Installations (ktonnes)
Container 15 1800
Flat 5 760
Mineral Wool 4 150
Special 6 126
Power 4 -
Total 36 2836

Data source: British Glass

8.2 Glass Sector Contacts and Data Availability

8.2.1  Glass Sector Contacts
The following organisation in the sector has been contacted:
* British Glass

Project brief and information request sent to British Glass. Telephone discussions between
Entec and British Glass. A meeting has been held providing feedback on benchmarks including
the NER methodology and the general approach suggested by Entec.

8.2.2 Data Availability
A range of data sources on the glass sector have been obtained and reviewed, as follows:

* FES report on benchmarking
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* Papers on allocation methodologies from other member states
* Journal articles and research papers on benchmarking issues

¢ Other documents as referenced in this section

8.3 Benchmarking Parameters

There are a number of factors or parameters associated with glass manufacture that will
influence the level of GHG emissions and therefore need to be taken into account by the
benchmarking methodology. These include:

e Product;

* Furnace type and age;

* Fuel type;

* Load factor (determined largely by furnace residence time and product yield); and
e Cullet content.

The residence time relates to the annealing process, which in turn is determined by the required
properties of the product, and the product yield (also referred to as ‘packed ware’ or ‘good
ware’) refers to the proportion of melted glass that is returned for re-melting following the
completion of the production process. Cullet is the term given to recycled glass, either
internally from trimmings from the final product or externally through the processing of
recycled glass.

The impact of these factors on energy consumption and CO, emissions is discussed below.

8.3.1  Product Type

The classification of the glass industry is based primarily on product type. This in turn
determines to some extent the type and size of the melting furnace. However, within each
product category there is further variation such as form, size and colour,. .

The properties of the glass products that will influence both the energy consumption and the
process CO, emissions associated with the manufacturing process include:

* Batch composition, which includes:
- Raw material properties;
- Cullet content;
» Furnace pull rate and residence time, which is a function of the annealing process.

Research undertaken by the Dutch glass industry®® compared the specific energy consumption
of glass furnaces with different cullet ratios. The results indicated that the specific energy

%% Geert Jacobs et al: Energy Benchmarking of Glass Furnaces: TNO Glass Group
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consumption decreases by about 3% of the specific energy consumption of a batch without
cullet, per 10% increase of the proportion of cullet to raw materials. Therefore for
benchmarking purposes, it would be necessary to normalise to a standard cullet ratio, which
would typically be 50% for container glass, 25% for float glass. This would allow the
comparison of the performances of furnaces with different cullet ratios.

The other main factors are the ‘pull rate’ (rate at which the product is discharged) and the
‘residence time’, which effectively determine the load factor of the furnace. The specific energy
consumption of the melting process decreases with increases in the pull of a glass furnace as the
production is higher for the same energy input. However, every furnace has its limits and glass
quality may become worse due to a limited time available for melting or firing. High quality
glass products requiring a higher residence time show a higher energy demand than products
with lower quality requirements. This means that the same furnace types producing different
types of glasses cannot be directly compared without taking into account the glass quality
differences.

These issues are taken into account to some extent through the sub-sector classification, as there
will be relatively little variation within the container sub-sector but significant diversity within
the special sub-sector.

8.3.2 Furnace Type

The energy consumption of a furnace is principally determined by its size and design including
the method of heat recovery. Table 8.2 provides examples of specific energy consumption of a
range of furnaces based on BAT.

Table 8.2 Furnace types

Tank Furnace Type Glass Type Output Specific Energy
(tonne/day) Consumption
(kJ/kg glass)*

Cross-fired with regenerative air preheat Container 40-500 4200
End-fired with regenerative heat recovery ~ Container 40-450 3800
Recuperative heat recovery Container 40-450 5000
Fuel-oxygen firing Container 350-425 3050-3500
Cross-fired with regenerative air preheat Flat 150-900 6300
Cross-fired with regenerative air preheat Special (television 100-500 8300
tube)
Recuperative air preheating Mineral Wool 30-350 4300

Source: IPPC Reference Document on Best Available Techniques in the Glass Manufacturing
Industry
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* Standardised’’ to 70% cullet for container glass
20% cullet for flat glass

40% cullet for television tube glass

The selection of a furnace type depends on a range of factors but one of the primary
considerations is the capacity required. Large capacity installations are predominantly cross-
fired regenerative furnaces. These are slightly less efficient in terms of specific energy
consumption but end-fired furnaces are not suitable for higher production rates. Consequently,
it is not necessarily appropriate to identify a single BAT, even within an individual sub-sector.

The energy performance of a furnace will also be determined by its age. The study undertaken
by the Dutch glass industry shows a steady decrease in efficiency with time due to extra metal
line cooling, decrease of regenerator efficiency and the appearance of leaks. This can amount to
as much as 20% over the lifetime of the furnace.

8.3.3  Fuel Mix

The primary fuels used by the glass industry are natural gas and fuel oil. According to
information from British Glass (2002), the proportions of each fuel type across the industry as a
whole are:

Gas 80%
Gas oil 2%
Heavy Fuel Oil 4%
Electricity 14%

Information is also available on the proportions of each fuel type within each sub-sector, which
is summarised in Table 8.3.

Table 8.3 Fuel use by sub-sector

Glass Type Gas Oil Electricity
Container 62% 32% 6%

Flat 70% 30%

Mineral Wool 80% 14% 6%
Other (special) 60% 40%

Source: Enusim model

> As defined in IPPC Reference Document on BAT for the Glass Industry
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This data is taken from the ENUSIM projection model, which itself in based on energy
consumption data taken from 1999 and shows a higher proportion of oil consumption than the
industry data. The implication from this is that there is a trend towards the increased use of gas
and that considerable fuel switching may already have taken place. Either way, an appropriate
fuel mix can be represented by an emissions factor specific to each sub-sector.

8.4 Benchmarks for Glass Industry

8.4.1 New Entrant Formula

The benchmark allocation scheme developed for new entrants under Phase 1 is a nominal output
based approach.. The model was derived by simply correlating the reported production of the
sub sectors against their MAP allocation. A further collection was then applied in recognition
that any new entrant to the glass sector would be a new operation and thus expected it to be
more efficient. FES derived formulae to describe the relationship between production output
and emissions based on commercially confidential information.

The allocation methodology includes the following functions for calculation of allowances:
Container glass
A =0.3993 *Pkt gp
Where
A = Allocation;
0.3993 = the FES emission factor, which combines load and emission factor, and;

Pkt gp = average output of production calculated as kilotonnes of ‘packed ware’ (i.e. finished
product as opposed to furnace output). The approach for new entrants defined the output as the
site level capacity and the assumptions that a utilisation factor of 85% is applicable for container
glass plants that work around the year.

Flat glass

As with the container sub sector the relationship was derived by correlating the reported
production of the sub sector against its MAP allocation.

A = 0.4876 * Pkt gp + 35.548
Where Kt of packed ware is calculated as above.

The figure of 35.548 is a formula constant used by FES. It is assumed that this value relates to a
‘best-fit’ linear function being applied to the empirical data. At a practical level, it may
represent the ‘standing losses’ of the furnace, ie the emissions associated with the energy
consumption of the furnace when operating without any load. An alternative approach would
be to apply a polynomial function to the empirical data but forcing the curve through the origin.
However, the merits of either approach could not be investigated without access to the raw data.
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Mineral wool
A=05053*C *U+ 9148

Where:

C = stated capacity

U= stated utilisation

The figure of 9148 is a formula constant used by FES, which is interpreted as above.

Plant capacity in the FES methodology for mineral wool is defined as “whichever is smaller of
nominal furnace capacity or the nominal spinner capacity.

8.4.2 Modified New Entrant Method

The new entrant method as it stands does not take into account any of the benchmarking issues
identified in section above. Also, it does not distinguish between energy related emissions and
process emissions and as such appears to represent an arbitrary standard benchmark for each of
the three sub-sectors covered.

The use of standard factors for furnace type, age and fuel mix for each sub-sector will benefit
some installations whilst disadvantaging others. Given the variation in the specific energy
consumption, may not reflect the potential for improving energy efficiency to BAT standard.

Provided the new entrant benchmarks are based on a sufficiently large data sample, there is
scope for developing similar allocation equations that are more product and/or process specific.
This would require further disaggregation of the sub-sector in order to produce a family of
formulae. This is likely to be most relevant to the container sub-section where there are more
sites and more potential variation in product and process.

8.4.3 Adjustment Factor Method

Other member states have used an approach that is based primarily on historical emissions data,
to which they apply a number of factors. The Dutch and German approaches are broadly
similar.

In the Dutch NAP, the formula for incumbents in the glass sector is based on historical
emissions over a reference period but with adjustments to take into account projected sector
growth and the relative energy efficiency of each installation. The generic formula developed
is:

A=HExGxEExC
Where:
A = the allocation to an individual installation
HE = the historic emissions (2001-2002)
G = the sector growth (2003-2006)
EE = the relative energy efficiency

C = the correction factor to remain below the overall emission ceiling
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The scope for benchmarking within this approach is through the application of the energy
efficiency factor. This approach therefore takes into account the current situation but applies a
driver in the form of an adjustment factor that represents the potential for improvements in
energy efficiency. The benchmark could be set at BAT or some other level and be applied at
sub-sector level or at site level and could also take into account the product and process. This
would require the development of reference specific energy consumption data at the appropriate
level.

By way of an example, in the Dutch case the reference efficiency is based on the top decile of
sites worldwide.

8.4.4 Comparison with Relevant Emissions

To provide an initial assessment of the two benchmark approaches, the allocations calculated
according to each method have been compared with both the relevant emissions. Table 8.4
summarises the comparison of the new entrant method with the relevant emissions. It also
includes the new entrant method adjusted to account for the current fuel mix in use by
incumbents.

Table 8.4 Comparison of benchmark approaches

Subsector Relevant NER NER Benchmark Ratio NER Ratio adjusted
emissions Benchmark Method Phase 1 benchmark NER benchmark
Phase 1 Method (fuel mix allocation allocation to
Phase 1 adjusted) relevant relevant
emissions emissions
(t CO2/p.a.) (t COu/p.a.) (t CO./p.a.) (%) (%)
Container 1,013,585 718,740 741,329 71% 73%
Flat glass 614,452 370,609 402,375 60% 65%
Mineral wool 97,784 N.a. N.a. N.a. N.a.
Special 195,733 N.a. N.a. N.a. N.a.

The totals for the NER Benchmark calculations assume the allocations for the ‘Mineral Wool’
and ‘Special’ categories remain constant as there is currently insufficient data on plant capacity
and utilisation.

The total allocation to the glass industry calculated according to the new entrants method would
result in a overall reduction of over 20%. Similarly furnace efficiency for new entrants may not
necessarily apply to the industry as a whole as the efficiency of plant decreases with age.

An assessment of the method at site level was not possible under the time constraints but could
be assessed at a later date.

Table 8.5 summarises the comparison of the benchmark emissions adjustment factor allocation
method with the phase 1 allocation.
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Table 8.5 Comparison of benchmark approaches

Subsector Relevant emissions Benchmark emissions Ratio Benchmark
Phase 1 adjustment factor, 1st emissions adjustment
year Phase 1 factor to relevant
emissions
(t CO/p.a.) (t CO2/p.a.) (%)
1,013,585 986,218 97%
Container
Flat glass 614,452 597,861 97%
Mineral wool 97,784 93,873 96%
Special
195,733 190,448 97%

For the purpose of this analysis, the forecast growth factors were set at 100%. Also, for
illustrative purposes and in the absence of any clear specific energy consumption benchmarks,
the energy efficiency factor is based arbitrarily on the sector umbrella Climate Change
Agreement targets. Targets were available for mineral wool and glass in general and are
presented below. For glass, the efficiency factor of 97.3% was applied based on the ratio
between the (assumed achieved) target for the period up to November 2002, versus the target for
period ending November 2004.

For the mineral wool subsector, an efficiency factor of 96% was calculated based on the targets
for the period up to December 2003 and the period up to December 2004.

Table 8.6 Glass CCA targets

Target period Sector target

1st December 2001 to 30th November 2002 3.76 MWh/tonne glass packed

1st December 2003 to 30th November 2004 3.66 MWh/tonne glass packed

1st December 2005 to 30th November 2006 3.56 MWh/tonne glass packed

1st December 2007 to 30th November 2008 3.48 MWh/tonne glass packed

1st December 2009 to 30th November 2010 3.51 MWh/tonne glass packed
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Table 8.7 Mineral wool CCA targets

Target period

Sector target

1st January 2002 to 31st December 2002
1st January 2004 to 31st December 2004
1st January 2006 to 31st December 2006
1st January 2008 to 31st December 2008
1st January 2010 to 31st December 2010

4874 KWh per tonne of saleable output
4691 kWh per tonne of saleable output
4610 kWh per tonne of saleable output
4512 KWh per tonne of saleable output

4485 kWh per tonne of saleable output

The allocation from both benchmark methods are illus

trated in Figure 8.1.

Figure 8.1 Comparison of benchmarks
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8.4.5

Summary table on development of benchmarks

Description

Activity measure to apply to
benchmark emissions data

Level of sectoral disaggregation
for benchmark emissions data

Emissions benchmark

Comments

NER

NER with fuel specific emission

factors

Site specific energy benchmarks

Site specific energy benchmarks

NER with process differentiation

NER with site specific load factor

NER with breakdown of special
glass

Capacity * standard load factor

Capacity * standard load factor

Historical emission * site specific
benchmarks for future energy
consumption

Historical emission * site specific
benchmarks for future energy
consumption

Capacity * standard/site specific load
factor

Capacity * site specific load factor

Capacity * standard/site specific load
factor

Disaggregation into four segments of
glass products

Disaggregation into four segments of
glass products

No disaggregation

Categorisation by four segments of
glass products

Different process/technologies for
container glass

Disaggregation into four segments of
glass products

Disaggregation into four segments of
glass products and further
disaggregation of special glass

Emissions factors based on product

\/

specific energy consumption and natural
gas as fuel. Likely to be BAT based but

it has not been verified

Emissions factors based on product

specific energy consumption and fuel

specific emissions.

Site specific benchmarks have to be

developed e.g. based on the CCA.

Site specific benchmarks developed
from BAT

BAT emission factors

Not assessed

Not assessed

Limitations in detailed site
specific data restricts
analysis

Up to 30% difference
between specific energy
consumption for various
tank furnace types

Limitations in detailed site
specific data restricts
analysis

Not relevant as the
special glass comprise to
many different types to be
standardised.
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Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a
selected number of sites within the industry.
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8.5

8.5.1

8.5.2

Evaluation of Glass Benchmarks

Feasibility and Verifiability

The application of a benchmark emission factor based on the New Entrant method
requires production output or production capacity and a load factor. The data are
available or can be collected and the approach is therefore both feasible and
verifiable.

The Adjustment Factor method would require the development of a suitable energy
intensity index. This is likely to require access to potentially commercially
sensitive information. The level of effort required and feasibility of such an
undertaking would depend on the extent of sub-sector disaggregation desired.

It would be possible with further work to further disaggregate that New Entrant
method by factors such as fuel type, process, and technology, producing a family of
formulae for each sub-sector. However, within the Mineral Wool sub-sector,
individual sites typically have proprietary technology and hence further
disaggregation would result in site-specific allocations.

The New Entrant method has not been developed for the “other/special” sub-sector.
It is unlikely that production-based benchmarks could be developed, owing to the
heterogeneity of products in the sector. Of the benchmarks considered, the
Adjustment Factor approach is therefore the only feasible one identified, subject to
the identification or development of an appropriate energy intensity index.

Simplicity, Transparency, and Standardisation

The New Entrant method described here is standardised to a high degree. For the
main glass sub-sectors, there has been no adjustment for any site-specific
technologies or circumstances (except insofar as these are reflected in historical
emissions or load factors). For Mineral Wool, the plant capacity is determined by
site-specific characteristics, but for each method the calculation of the allocation
for each uses the same data sources and calculation steps are minimised. These
methods have a high degree of transparency.

While the New Entrant method per se is transparent, there might be a concern
about the transparency of the production benchmark values themselves. They
appear to have been derived from commercially sensitive data and not from
publicly available BAT reference documents or other similar sources.

Negotiation of energy efficiency targets is typically not a transparent process, even
at the sector level. It would probably be even less transparent at the site level.52

>2 The use of pre-existing site-specific targets also lacks transparency, but it may be fair to use
them if they represent agreements prior to emissions trading and reflect what is actually possible
at a particular site—under emissions trading what is actually feasible at any particular site need
not limit the targets that are set, since a site can always use the emissions market.
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This would work against the Adjustment Factor approach unless standardised
targets were used in place of negotiated targets.

Targets agreed in terms of energy efficiency also obscure the relationship between
energy use and emissions, and it is not necessarily transparent to reflect the
possibility of fuel switching within these targets.

8.5.3 Consistent with Site Need for Allowances

Benchmarks that incorporate historical information may be able to reflect better
any site-specific idiosyncrasies in capacity utilisation or emissions factors. The
same site-specific information can also be incorporated by using site-specific load
factors. Both approaches are therefore amenable to the inclusion of site-specific
consideration even without the development of site-specific benchmarks The New
Entrant method could be modified to reflect historical site-specific load factor data;
the emissions Adjustment Factor method also uses site-specific historical
information.

Both benchmark approaches here can be combined with sector-based growth
prediction to help ensure that adjustments in the structure of the overall economy
can be realised.

The emissions Adjustment Factor method can be modified to take account
individual sites’ energy efficiency potential, although one of the goals of emissions
trading is to eliminate the need for the detailed site-specific knowledge that would
be required to negotiate site-specific targets. If sites add capacity the New Entrant
approach can be used to estimate additional allowances. The Adjustment Factor
approach would require some further specification and may results in different
allocation relative need to new entrants and incumbents.

A standard production benchmark applied at a sub-sector level is unlikely to meet
the need of all sites, although the extent of the variation cannot be verified without
further examination of site specific data. Of the sectors for which benchmarks
exist, the variation of actual to benchmarked energy per unit output is likely to be
highest in the container glass sub-section, which contains a large number of sites
with more potential variation in product and processes.

As with other benchmarks, the application of the natural gas emissions intensity
may leave non-gas users with fewer allowances than they require. The concern
might not be serious in the glass sector as natural gas is the predominant fossil fuel
used. The flat glass sub-sector uses more non-gas fossil fuel than do the other
sectors.

As not site-level assessment was possible, it is unclear to what extent site-specific
historical load factors would contribute to the objective of aligning allocations with
site need. The total allocation to any one site would depend not only on the
benchmark method used but also on the total level of allowances allocated to the
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sector (which may be determined separately, or through a scaling factor to
benchmarked allocations).

8.5.4 Provides Incentives for Best Practice and “Clean Technology”

The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives
unaffected so they do not differ from those provided under simple grandfathering
or auctioning.

It may be easiest to apply the same method to new entrants and incumbents if the
benchmark is output-based and not differentiated. Input-based and differentiated
benchmarks would be likely to reduce the incentives for clean technology among
new entrants.

If the modified New Entrant approach is based on fixed historical output values
incentives for incumbents will not differ from those under grandfathering or
auctioning, although they may have greater incentives to add capacity to qualify as
new entrants. If the output data are updated over time, incentives for abatement
through adjustments to production or switching to less carbon-intensive products
will be reduced. The incentives can only favour “cleaner” technology if the overall
EU allowance price is assumed not to remain constant.

Shutdown forfeiture and other forms of updating may also deter sites from closing,
and these are likely, all else being equal, to be dirtier sites. However, as with other
sectors, although the “replacements” for installations that shut down may be
cleaner new entrants in the UK, they may also be (possibly dirtier) installations in
other Member States, or even (dirtier) installations outside the EU.

Incentives under the Adjustment Factor approach may differ because of the
possibility of differentiating efficiency targets by technology types (e.g. fuel-
oxygen fired vs. cross-fired furnaces) or even by site. Assuming there is no such
differentiation; the incentives should not differ from those under auction except
under the above circumstances. With updating, using lower benchmarks may
increase the likelihood that the dirtiest sites will close (relative to another updated
case with a higher benchmark). Without shutdown forfeiture of allowances,
incentives for closure are unaffected by the allocation method.

8.5.5 Minimises “Gaming” and Perverse Incentives

As noted above, it may be desirable to allocate to new entrants via the same
method used for incumbents. However, there are potentially perverse incentives if
new entrant allocations are differentiated by technology, and also if incumbents can
“reclassify” themselves as new entrants.

The modified New Entrant method has not been developed for the “other/special”
sub-sector, and the feasibility of doing so appears to be low. If a different
benchmark (or indeed allocation approach) would be used for this sub-sector than
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8.5.6

in other glass sub-sectors, this could create perceived incentives for installations to
lobby for classification in one or the other.

As with other sectors, all forms of updating distort abatement decisions away from
the most cost-effective abatement. However, because of the possibility of leakage
outside the EU or to other member states, there may actually be little
environmental benefit achieved by not updating.

In a case where targets and/or utilisations are updated between periods, incentives
will be distorted less if the factors used are not site-specific and are differentiated
as little as possible. An installation is less able to influence its future allocation
through current decisions if future allocations are based on sector averages rather
than site-specific activity. It may therefore be preferable not to renegotiate targets
under the Adjustment Factor approach, or to use standardised measures rather than
negotiated targets.

With site-specific differentiation, updating of load factors is less likely, other
things being equal, to distort incentives for emissions abatement than is updating of
emissions or input use. A combination of updating and differentiation by product
type will blunt incentives to switch from high-emitting to low-emitting product
types where these are potential substitutes.

Using different approaches to allocate to new entrants and incumbents will also
distort incentives.  This is unavoidable with the Adjustment Factor and
International Benchmark methods, which rely on site-specific historic data that will
does not exist for new entrants.

For the NER method, incentives will depend on whether benchmarks are
differentiated by technology and output type. In the presence of updating,
differentiation of allocations by technology/inputs/fuels will blunt and may remove
completely incentives provided by the trading scheme to switch from high-emitting
to low-emitting technologies/inputs/fuels. From the point of view of efficiency,
differentiation is therefore best kept at a minimum.

Certainty

Assuming all methods are combined with some form of updating, and that the
overall level of allocations is determined subsequently by government, an approach
that is based on a simple emissions per unit output factor may provide the greatest
certainty, but it is difficult to compare the approaches.

Using updated historical emissions information combined with updated growth rate
projections and updated emissions factors under the Emissions Factor approach
could introduce a greater level of uncertainty, since there are a wide range of
parameters, some of which may be subject to negotiation. Although sites (or
sectors) may feel that they have more control over their own targets, their
allocations may be affected by targets negotiated with other sites (or sectors), over
which they may have little influence.

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



177

8.5.7 Consistency with Other Member States

e Formally the Adjustment Factor approach has the potential to be consistent with
other Member States and has the advantage of already being used in both the UK
and the Netherlands. However, there is little guarantee that the resulting
allocations will be similar on a per-unit-output or per-unit-capacity basis, and they
may also differ as a result of differences in expected growth rates and if energy
efficiency targets are negotiated along different criteria. The negotiated element
could be removed if standardised benchmark targets were used. It would of course
be possible to harmonise most of the parameters, apart from historical emissions.
If projected emissions were used, then all parameters could be made consistent.

* The output-based approach used in the modified New Entrant benchmark could be
extended easily to other Member States, although again, their combination with
site-specific historical load factors could result in consistent differences in
allocations to otherwise similar sites.

8.5.8 Consistency with Energy White Paper

* The benchmark used for the glass sector is not expected to affect consistency with
the Energy White Paper.

8.5.9 Summary and Tentative Recommendations

Table 8.8 Summary Evaluation of Glass Benchmarks

Benchmark Approaches

Criterion FES Emissions

Approach Adjustment
Approach

Technical Feasibility and Verifiability Good Poor

Standardisation/Simplicity Good Fair

Transparency Fair Poor

Meets Need Fair Fair

Incentives for Clean Technology Fair Fair

Perverse Incentives/Gaming Fair Fair/Poor

Certainty Good Fair

Other Member States Good Fair

Energy White Paper NA NA

Notes: The Emissions Adjustment Approach cannot be evaluated fully without knowledge of the
energy intensity index would be used. The impact on incentives of each approach depends on the
nature of updating, if any, embodied in the allocation approach
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Two general benchmarking approaches have been investigated for the glass sector, based on
emissions per unit output and historical emissions adjusted for relative energy efficiency,
respectively. Both these approaches would be possible in the glass sector, although the
feasibility of the Adjustment Factor method would be conditional upon the construction of an
energy intensity index. In its absence, the results of using this approach are difficult to evaluate.

The main candidate is therefore the output-based approach used for new entrants for Phase I.
Benchmarks are available for the flat glass, container glass, and mineral fibre sub-sectors, but
missing for the “other/special” sub-sector. The absence of a value for the latter is a reflection of
the inherent difficulty of establishing an output-based approach for this very heterogeneous
sector.

The new entrant benchmarks use a standardised load factor for each sub-sector. Detailed site-
level data have not been available for this study, and the precise consequences of using a single
load factor for all installations are therefore unclear. As in other sectors, the assumptions about
load factors for new entrants may not be appropriate for the projection of output incumbents,
and the resulting allocations may therefore vary considerably relative to actual emissions. One
feasible way of addressing this would be to use historic load factor data, but the desirability of
doing so has not been established.

Further work could construct more benchmarks differentiated not only by sub-sector, but also
by furnace type, process, or fuel type. The aim would be to arrive at allocations corresponding
more closely to site need. However, this may go against the spirit of an output-based
benchmarking approach attempting to define a “best available technology” standard for a given
output, and would reduce the standardisation and transparency of the benchmark. In addition, it
would work against simplicity; one of the aims of emissions trading is to eliminate the need to
ascertain the abatement opportunities and emissions characteristics on a site-level.

An output-based benchmarking approach would leave open the allocation method to be used in
the “other/special” sub-sector. In the absence of an energy intensity index, no appropriate
benchmarking method has been identified for this sector.

As with all allowance allocation, the use of updating (including revision of utilisations and
factors, forfeiture of allowances upon shutdown, and allocation to new entrants) has the
potential to distort the incentives for cost-effective abatement provided by the trading scheme.
It may also affect the assessment of the benchmark methods. Generally speaking, incentives are
less distorted with less differentiation. For example, separate benchmarks for different furnace
types used for the same output would distort incentive for new entrants to choose the least
emissions efficient technology. Also, an output-based benchmark may be less distorting than an
input-based or emission based approach in the context of new entry.

In sum, output-based benchmarking appears to be feasible in the flat glass, container glass, and
mineral fibre sub-sectors but difficult in the ‘“other/special” glass sub-sector. The main
outstanding issue is whether a standardised load factor for each sub-sector is desirable, and it
has not been possible to address this question within the scope of this study.
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9. Pulp & Paper

9.1 Sector Description

The primary environmental issues associated with the paper and pulp sector are the use of
natural resources (wood), fossil fuels and electricity. Emissions with respect to the EU ETS
include all CO, emissions from pulp installations and paper and board installations > 20
tonnes/day, so any process emissions are potentially included. In practice, no installations
reported process emissions for the Phase I allocation.

Within the UK there are 86 installations that have received an allocation under the EU ETS. All
but one of these are also covered under a CCA, which is administered by The Paper Federation.

At least 10 of the installations are CHP plants operated by a third party. These include the
major power companies, such as Innogy (4), Powergen CHP (2), Scottish & Southern (1) and
Scottish Power (1), and two smaller utility companies.

The pulp and paper industry is characterised by five principal processes:
* Sulphate (Kraft) Pulping
¢ Sulphite Pulping
¢ Mechanical and Chemi-mechanical Pulping
* Recovered Paper Processing
* Papermaking
Note that the Sulphate pulping process does not take place in the UK.
With regard to BAT, the pulp & paper mills are classified as follows:
* Non-integrated pulp mills;
* RCF based pulp & paper mills;
» Integrated bleached craft pulp & paper;
* Integrated unbleached craft pulp & paper;
* Integrated sulphite pulp & paper mills;
* Non-integrated fine paper mills;
* Integrated wood-containing pulp & paper mills;
¢ Tissue mills; and

* Speciality paper mills.
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However, pulp & paper products are highly diverse and the emissions that arise from a range of
production processes applied a range of products vary considerably. Work undertaken under the
auspices of the International Energy Agency considered a number of alternative product
classification systems.

The level of disaggregation is a key issue in considering appropriate benchmarking methods and
this is discussed in more detail in the following sectors. In essence, a balance must be
maintained between the relative simplicity of broad categories, for which benchmark data could
be collated but which could be subject to significant variation within each category, and a larger
number of more specific categories, for which considerable data acquisition would be required.

9.2 Paper Sector Contacts and Data Availability

9.2.1 Paper Sector Contacts
The following organisation in the sector has been contacted:
* Confederation of Paper Industries

Project brief and information request sent to Confederation of Paper Industries. Telephone
discussions between Entec and Confederation of Paper Industries. A meeting has been held
providing feedback on benchmarks including the NER methodology and the general approach
suggested by Entec.

9.2.2 Data Availability

A range of data sources on the pulp and paper sector have been obtained and reviewed, as
follows:

* FES report on benchmarking
» Papers on allocation methodologies from other member states
* Journal articles and research papers on benchmarking issues

¢ Other documents as referenced in this section

9.3 Benchmarking Issues for the Pulp & Paper Sector

9.3.1  Allowing for Combined Heat and Power

The paper and pulp manufacturing processes use considerable quantities of both heat and power
and consequently make significant use of combined heat and power plant. Benchmarking
methodologies therefore need to make a clear distinction between electricity generated on-site
and that imported from the grid and also between heat and electricity used in the process.
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Figure 9.1 is taken from the Austrian paper on CO, reduction in the paper industry™ and
illustrates the main energy flows that need to be considered.

Figure 9.1 Schematic of energy flows in Pulp & Paper Sector

EM process
heat

1
imported e?.ec trieity

-

A benchmarking approach based on production would need to account for the fossil fuel used
on-site to generate electricity and also take into consideration that heat produced by CHP
typically requires slightly more primary energy than the equivalent heat produced from a boiler.
This could potentially result in a disincentive for CHP as the consumption of fossil fuel would
not be related directly to the production rate as it would include the use of site-generated
electricity. Conversely an input or capacity based benchmark could not be related directly to the
actual process.

The new entrant method is based on plant capacity. This deals with combustion plant in
isolation and hence refers directly to the general method applied to combustion plant and CHP.
Adopting this method would allow CHP to be dealt with explicitly. For an output based
benchmark method, an allowance would need to be made for the use of CHP. This would
require the calculation of an adjustment factor based on standard efficiency factors, which could
be applied to the fossil fuel consumption.

9.3.2 Best Available Techniques

The Austrian Energy Agency has investigated the development of benchmarks related to BAT.
The BREF notes provide limited information on energy consumption and these tend to quote
“example” benchmarks taken from a single mill or broad ranges, which again demonstrate the
difficulty in establishing a benchmark allocation method for such a diverse range of activities.

For example, the benchmarks for mechanical pulping are summarised in the following table,
which demonstrates the range of energy consumption.

> Combining IPPC and Emission Trading: Energy Efficiency and CO, Reduction Potentials in the
Austrian Paper Industry. Otto Starzer. E.V.A. The Austrian Energy Agency
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Table 9.1 Energy consumption data for mechanical pulping

Mechanical Pulp and Energy Consumption Recoverable Energy Recoverable Energy
freeness ml CSF (kWh/t of pulp) as hot water % as steam %

GW 350-30 1100-2200 20

PGW 350-30 1100-2200 30 20

PGW-S 350-30 1100-2300 30 20

RMP 350-30 1600-3000 30 20

TMP 400-30 1800-3600 20 40-45

CTMP 700-30 1000-4300 20 40-45

The Austrian methodology established a set of benchmarks for generic pulp and paper
processes, which are summarised below. These similarly show a considerable range in potential

benchmark values.
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9.3.3 Dutch Benchmarks

As part of its energy and climate policy, the Dutch government has reached an agreement with
the Dutch energy-intensive industry that is explicitly based on industry’s relative energy
efficiency performance. As a consequence, the Dutch pulp and paper industry has established a
range of energy benchmarks that reflect a broad classification of the sector. The performance of
individual sites is compared with reference specific energy consumption benchmarks that take
into account both products and processes. These reference benchmarks are summarised in

Table 9.2.

Table 9.2 Reference benchmarks

Product Fuel/heat (GJ/tonne) Electricity (GJ/tonne) Primary Energy
(GJ/tonne)

Mechanical wood pulp -2.1 5.3 11.2

Chemical wood pulp 10.0 2.5 16.3
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Product Fuel/heat (GJ/tonne) Electricity (GJ/tonne) Primary Energy
(GJ/tonne)

Other wood pulp -3.0 6.0 12.0

Other fibre pulp -3.0 6.0 12.0

Recycled fibre input 0.4 1.4 3.9

Newsprint 25 1.4 6.0

Printing/writing paper 7.0 2.0 12.0

Sanitary paper 5.0 2.4 11.0

Packaging paper 5.0 1.5 8.8

Other paper 6.0 1.8 10.5

It should be noted that these reference values should be considered as ‘typical values for a
modern plant’ and that they are not strictly representative of ‘best practice’.

9.4 Benchmarking methods for Paper & Pulp

9.4.1 New Entrant Method

The method proposed by FES for the paper and pulp sector is to treat the primary combustion
plant independently, following the method adopted for combustion plant and CHP. It then deals
with direct fired drying separately. The report states that “due to the complexity of the different
grades of paper produced and the different energy requirements that they have, a methodology
for predicting the CO, emissions per tonne of paper has not proved feasible.” This is consistent
with the wide range in the benchmarks proposed for BAT.

The issues associated with the method are discussed in detail under the main combustion
section, but the general formula used to derive the free allocation is as follows:

Annual allowance allocation (tonnes CO,) =
Boiler plant rated output capacity (MW)
x standby factor (0.67)
x ambient temperature factor (0.6 for space heating, 1.0 for process)
x annual operating hours load factor (%)
x total hours in year (8,760)
x emissions factor for natural gas (tonnes CO,/ MWh)
+ BAT efficiency (0.89)

However, the method does include a sector specific factor for the paper industry with an annual
operating hours load factor for paper of 82%

The calculation used to determine the allocation associated with drying is:
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Annual allowance allocation (tonnes CO,) =
Equipment rated output capacity (MW)
x utilisation factor (%)
x total assumed running hours in year (8,000 hours)
x emissions factor for natural gas (tonnes CO, / MWh)
+ BAT efficiency (%)

The reason given for the drying process to also be assessed in terms of capacity is that,
typically, drying is considered to be the limiting factor to plant throughput and hence it will be
operated close to the design capacity. However, energy demand may still vary significantly as
the drying process is used to control the moisture profile and this will vary considerably for
different products.

9.4.2 Product Specific New Entrant Method

The method proposed for new entrants within the paper sector is based on the general methods
for combustion plant and CHP but with a sector specific load factor for the sector. Given that
the sector can be classified to a greater or lesser extent by specific products and processes, it
may be technically feasible to establish parameters within the generic equations that relate to the
sector classification. This would potentially result in a different load factor for, say, mechanical
wood pulp and chemical wood pulp and different efficiency factors to take into account the age
of the plant.

However, the diversity of sites within the paper sector is such that the development of
meaningful correlations may not be possible. Such an approach would require the collation of
considerable data from the sector, both in terms of the parameters required and the time period
and it is not clear at this stage as to its availability.

9.4.3 Adjustment Factor Allocation Method

In the Dutch NAP, the formula for incumbents in the paper sector is based on historical
emissions over a reference period but with adjustments to take into account projected sector
growth and the relative energy efficiency of each installation. The energy efficiency factor can
be represented as a scaling factor by comparing the site-specific energy consumption with a
representative benchmark. The generic formula developed is:

A=HExGxEExC
Where:
A = the allocation to an individual installation
HE = the historic emissions (2001-2002)
G = the sector growth (2003-2006)
EE = the relative energy efficiency

C = the correction factor to remain below the overall emission ceiling

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets July 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



186

This approach takes into account the current situation but then applies a driver through the
energy efficiency adjustment factor. This in turn requires a standard benchmark against which
individual sites can be assessed. The method for determining an appropriate adjustment factor
could range from a crude comparison against a relevant sector or sub-sector average to a BAT
based benchmark.

To illustrate the approach, CCA targets have been used to define an initial efficiency factor.
These are arbitrarily based on the ratio of the 2004 target versus the 2002 baseline (as outlined
in the table below).

Table 9.3 CCA targets and ratios

Sub-sector target, Ratio versus 2002
(Av. SEC kWh/te)

1st October 2001 to 30" September 2002 4659 100%
1st October 2003 to 30" September 2004 4420 95%
1st October 2005 to 30" September 2006 4199 90%
1st October 2007 to 30" September 2008 4090 88%
1st October 2009 to 30" September 2010 3959 85%

For consistency with the Dutch method, forecast growth rates are included, which for the period
2002-2005 are sourced from Oxford Economic Forecasting and the Carbon Consortium’s
(2004) research on growth rates in the Industrial sectors of the EU ETS. These were adjusted to
represent growth versus 2003, rather then 2002, and are as follows:

Year Growth

2002-2005 6.60%
2002-2006 8.40%
2002-2007 9.90%
2002-2012 19.50%

The figure below illustrates the comparison between the adjustment factor approach and the
relevant emissions for phase 1. The comparison of the sector overall is an allocation of about
14.9% more than under phase 1 (although this is not on a like-for-like basis due to the
subtraction of the NER from the phase 1 allocation as well as growth factors). Clearly this
overall allocation can be adjusted either as a whole with a simple adjustment factor (or a change
in the assumed growth factor) or can influence individual sites by altering the CCA baseline
(which is effectively changing the target SEC).
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Figure 9.1  Ratio benchmark emission scaling approach versus Phase 1 relevant emissions

0% 100 200 300

The above figure excludes (in order to make individual entries comparable) two sites with
particularly high ratios of 1203% and 528%.

9.4.4 Data Availability

The benchmark methods require data on production and/or capacity and, if a product based
benchmark approach were to be adopted, would also require an indication of which sites fell
into which category. Discussions with the sector association have been on-going, but
appropriate data is not available in the short-term.

9.4.5 Comparison of Benchmark methods

The benchmark methods have been compared for a small selection of sites for which
appropriate data was available through the NAP submission forms, although they are not
necessarily representative of the sector as a whole. The allocations are summarised in tabular
and graphical form below.
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Table 9.4 Comparison of benchmarks

Site ID Ratio NER Ratio benchmark emission
allocation/relevant scaled allocation/relevant
emissions emissions

1 73% 91%

2 38% 94%

3 107% 86%

4 32% 93%

5 77% 94%

Overall, the Adjustment Factor allocation method would appear to provide a reasonable basis
for benchmarking by taking into account the large variation in BAT associated with the different
products and processes. However, the initial analysis relies on CCA data and does not take into
account current specific energy consumption benchmarks.

The analysis also identifies potentially large variations between relevant emissions and an
allocation method based on the new entrant methodology. This is difficult to explain without
further information. However, one possible explanation could be the use of a standard ‘standby’
factor and an inappropriate load factor. For example, the load factor for newsprint is reportedly
typically about 96% as opposed to the 82% average for the sector as a whole.

Another possible cause for the discrepancies is the use of a BAT based efficiency factor. The
assumption that new entrants are based on BAT, i.e. have an efficiency of about 89% is
reasonable but is inappropriate for the vast majority of paper mills that date back many years.
An efficiency factor nearer a more representative 60% for standard boiler plant would result in
lower discrepancies between the NER method and the relevant emissions. This may also be the
most appropriate parameter to use to help drive the processes towards a BAT benchmark.

It might be preferable to follow an approach similar to the NER allocation approach whereby
the focus is on the energy using parts of the process and the benchmarks considered in the
separate section on ‘Other combustion’ (Section 3) are taken into account for boilers and CHP
plants. The emission factors and load factors under this approach may need modifying so that
they take into account the current situation with respect to the age of the plant but they may also
need to be product specific (taking into account product specific heat load variation). The
factors adopted and their comparison with ‘best practice’ would need to consider the degree by
which individual site have the potential for improvement. Further work would be required to
develop both appropriate product specific load factors and relevant efficiency and emission
factors.

The non-combustion CO, emissions are mainly from the direct fired dryers and the overall NER
approach may be applicable, subject to review of the associated emission factors.
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Figure 9.2 Comparison of allocation methodologies versus the Phase 1 relevant emissions
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9.4.6 Summary table on development of benchmarks
Description Activity measure to apply to Level of sectoral Emissions benchmark Comments
benchmark emissions data disaggregation for
benchmark emissions
data
NER Allocation (Boiler & CHP) = thermal output capacity x No disaggregation Thermal output capacity and BAT This is the general combustion

NER with process differentiation

Adjustment factor approach - Sector
specific energy efficiency

Adjustment factor approach -
Process specific energy efficiency

BAT based process specific energy
efficiency

load factor x standby factor x emissions factor/BAT
efficiency

Allocation (direct drying) = thermal output capacity x
utilisation factor x emission factor/BAT efficiency

Allocation = thermal capacity x Process specific load
factor x standby factor x emissions factor/Process
specific (BAT) efficiency

Allocation = historical emission * sector specific
energy efficiency factor

Allocation = historical emission * process specific
energy efficiency factor

Allocation = production output x process specific
energy consumption x emission factor

Disaggregation by equipment:
Boiler and CHP plant

Direct drying

and/or by product type

Paper category

No disaggregation

No disaggregation

Disaggregation by process type
and product type

efficiency

Thermal output capacity and process
specific efficiency factor and/or process
specific load factor

A sector specific benchmark expressed
as energy efficiency and based upon
SEC (energy/product)

A process specific benchmark
expressed as energy efficiency and
based upon BAT SEC (energy/product)

Specific energy consumption based on
process type and product type (based
on BAT)

method and does not relate to the
paper sector specifically

This would tailor the combustion
method more specifically to the
paper industry but requires the
development of appropriate BAT
based efficiency factors and/or load
factors.

The development of a sector specific
benchmark would be possible based
on historical data or CCA or similar
approach.

The benchmarks to determine the
site specific energy efficiency factors
would have to be developed.

Specific energy consumption data
defining BAT gives large range and
further disaggregation by process
and product may be required.

Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a
selected number of sites within the industry.
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9.5

9.5.1

9.5.2

9.5.3

9.5.4

Evaluation of Paper & Pulp Benchmarks

Evaluation Overview

Feasibility and Verifiability

The development of the NER approach to incorporate product specific load factors
and/or age related efficiency factors is technically feasible but is subject to
considerable data acquisition and analysis.

The Adjustment Factor method might require an adjustment to take into account
the different fuel use of CHP plants, and would also require a clear distinction
between electricity consumption and heat use. This would be a complicated and
data intensive process, which although technically feasible would be onerous to
verify.

Simplicity, Transparency, and Standardisation

Negotiation of energy efficiency targets is typically not a transparent process, even
at the sector level. It would probably be even less transparent at the site level.54
This works against the Adjustment Factor approach insofar as negotiation may be a
necessary part of developing an emissions or energy intensity index.

Targets agreed in terms of energy efficiency also obscure the relationship between
energy use and emissions, and it is not necessarily transparent to reflect the
possibility of fuel switching within these targets.

The use of a single load factor is highly standardised but, as noted, does not reflect
the high variation of load among incumbents. The use of site-specific historic load
factors would be less transparent but could address other problems arising from a
fully standardised approach.

Consistent with Site Need for Allowances

Benchmarks that incorporate historical information may be able to reflect better
any site-specific idiosyncrasies in capacity utilisation or emissions factors. The
Adjustment Factor method does this by incorporating historical emissions level.
The same site-specific information could also be incorporated in the Modified NER
Method by using historic site-specific load factors.

>* The use of pre-existing site-specific targets also lacks transparency, but it may be fair to use
them if they represent agreements prior to emissions trading and reflect what is actually possible
at a particular site—under emissions trading what is actually feasible at any particular site need
not limit the targets that are set, since a site can always use the emissions market.

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets benchmark May 2005
research report final report_270705 formatted.doc

15187

Entec NERA

Economic Consulting



193

e The Adjustment Factor method is very similar to the methodology used for UK
Phase I allocations. Using CCA targets, the resulting allocations are therefore also
very similar. With a different emissions intensity index, the results would differ
correspondingly. As no other index has been analysed it is hard to know how this
method would perform under alternative index scenarios.

* The Adjustment Factor method can be developed to take account individual sites’
energy efficiency potential, although this would decrease transparency and increase
the administrative burden. One of the goals of emissions trading is to eliminate the
need for the detailed site-specific knowledge that would be required to negotiate
site-specific targets.

* The above calculation of allocations under the modified NER Method results in
systematically lower allocations than those given for Phase I. It is likely that this
reflects the use of a BAT efficiency benchmark, while the investigated sites have
lower efficiencies. The present results are preliminary and based on a small sample
restricted by the availability of data.

e It is likely that the FES New Entrant benchmark approach would require
refinement to ensure it meets site need. In particular, it is unclear what the
consequences are of not including site specific (historical) load factors. Another
options for modification of load factors include adjustments to account for plant
age relative to boiler age, to take account of past efficiency improvements that
would serve to over-estimate boiler load-factors.

* Capacity expansion at existing sites is provided for in the Modified NER method
but not covered by the Factor Adjustment method without further specification.
This could be done in a manner similar to the treatment of new entrants in the
Phase 1 allocation, but it may be difficult to ensure consistency between new
entrants and incumbents if very different methods were used.

e Under the NER Method the addition of production capacity without the addition of
new boiler capacity does not lead to an increase in allocation. This is a reflection
of the corresponding situation of over-allocation to plants with spare boiler
capacity (which presumably would be a precondition for additional of non-
combustion capacity in the first place). The NER benchmark would only be fully
consistent with site need for allowances if load factors were able to take these
considerations into account.

* As with other benchmarks, the application of a natural gas emissions factor may
leave users of non-gas fossil fuels with fewer allowances than they require.

9.5.5 Provides Incentives for Best Practice and “Clean Technology”

* The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives
unaffected so they do not differ from those provided under simple grandfathering
or auctioning.
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9.5.6

If new entrants receive allocations based on the same methodology used for
incumbents, this may make it more difficult to use benchmarks that are not output-
based or that are differentiated. Input-based and differentiated benchmarks would
be likely to reduce the incentives for clean technology among new entrants.

If the modified FES approach is based on fixed historical load factor values
incentives for incumbents will not differ from those under grandfathering or
auctioning, although they may have greater incentives to add combustion capacity
to qualify as new entrants. If the data are updated over time, incentives for
abatement through improvements to overall process energy efficiency will be
reduced. The incentives can only favour “cleaner” technology to a greater extent
than auctioning if the overall EU allowance price is assumed not to remain
constant.

Shutdown forfeiture and other forms of updating may also deter sites from closing,
and these are likely, all else being equal, to be dirtier sites. However, as with other
sectors, although the “replacements” for installations that shut down may be
cleaner new entrants in the UK, they may also be (possibly dirtier) installations in
other Member States, or even (dirtier) installations outside the EU.

Incentives under the Adjustment Factor approach may differ because of the
possibility of differentiating efficiency targets by technology types (e.g., different
types of product) or even by site. Assuming there is no such differentiation the
incentives should not differ from those under grandfathering or auction except
under the above circumstances.

Assuming updating, using lower benchmarks may increase the likelihood that the
dirtiest sites will close (relative to another updated case with a higher benchmark).
Without shutdown forfeiture of allowances, incentives for closure are unaffected
by the allocation method.

As the New Entrant method is an input-based method, it may provide poor
incentives for the use of clean technology for new entrants. Without allocation to
new entrants, the allowance price would be taken into account when making
decisions about which technology to install. With new entrant allocations,
however, allocations are higher for technologies that require higher fuel input, and
the incentives are therefore significantly blunted.

Minimises “Gaming” and Perverse Incentives

As noted above, it may be desirable to allocate to new entrants via the same
method used for incumbents. However, there are potentially perverse incentives if
new entrant allocations are differentiated by technology, and also if incumbents can
“reclassify” themselves as new entrants.

Relatedly, a benchmarking based on capacity (NER Method) may encourage new
entrants to install more boiler capacity that would otherwise be optimal, provided
the higher allocation thereby obtained is more valuable than the associated extra
cost
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As with other sectors, all forms of updating distort abatement decisions away from
the cost-minimising abatement of emissions. However, because of the possibility
of leakage outside the EU or to other Member States, there may actually be little
environmental benefit achieved by not updating.

In a case where targets and/or utilisations are updated between periods, incentives
will be distorted less if the factors used are not site-specific and are differentiated
as little as possible. An installation is less able to influence its future allocation
through current decisions if future allocations are based on sector averages rather
than site-specific activity. It may therefore be preferable not to renegotiate targets
under the Adjustment Factor approach, or to use standardised measures rather than
negotiated targets.

Using different approaches to allocate to new entrants and incumbents will also
distort incentives. This is unavoidable with the Adjustment Factor method, which
relies on site-specific historic data that will does not exist for new entrants.

9.5.7 Certainty

Assuming all methods are combined with some form of updating, and that the
overall level of allocations is determined subsequently by government, an approach
that is based on a simple emissions per unit output factor may provide the greatest
certainty, but it is difficult to compare the approaches. However, the work
presented here supports the conclusion embodied in the NER methodology that an
output-based benchmark may be inconsistent with ensuring site need for
allowances is met, owing to the high heterogeneity of energy use for different
paper products and processes.

Using updated historical emissions information combined with updated growth rate
projections and updated emissions factors under the Adjustment Factor approach
could introduce a greater level of uncertainty, since there are a wide range of
parameters, some of which may be subject to negotiation. Although sites (or
sectors) may feel that they have more control over their own targets, their
allocations may be affected by targets negotiated with other sites (or sectors), over
which they may have little influence.

Of the two methods considered the FES New Entrant method is likely to provide
the most certainty as both the load factor for the combustion process and the
utilisation factor for the drying process can be specified and easily calculated.
Also, the use of a BAT reference rather than a negotiated target increases certainty.
Extensions to this benchmark, including differentiation by product type or
processes, should not affect certainty to a large extent.

9.5.8 Consistency with Other Member States

Formally the Adjustment Factor approach has the potential to be consistent with
other Member States and is already being used in the Netherlands. However, there
is little guarantee that the resulting allocations will be similar on a per-unit-output
or per-unit-capacity basis, and they may also differ as a result of differences in
expected growth rates and if energy efficiency targets are negotiated along
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different criteria. The negotiated element could be removed if standardised
benchmark targets were used. It would of course be possible to harmonise most of
the parameters, apart from historical emissions. If projected emissions were used,
then all parameters could be made consistent.

9.5.9 Consistency with Energy White Paper
e The benchmark used for the Pulp and Paper sector is not expected to affect

consistency with the Energy White Paper.

9.5.10 Summary and Tentative Recommendations

Benchmark Approaches

Criterion Modified NER Modified NER Adjustment
Approach with historic factor
load factor data Approach

Technical Feasibility and Verifiability Good Good Poor
Standardisation/Simplicity Good Fair Fair
Transparency Good Good Fair/Poor
Meets Need Poor (Fair) Good
Incentives for Clean Technology Good Fair Fair
Perverse Incentives/Gaming Fair/Poor Fair/Poor .Fair
Certainty Good Good Fair
Other Member States Fair Fair Fair
Energy White Paper N/A N/A N/A

Notes: The Emissions Adjustment Approach cannot be evaluated fully without knowledge of the energy
intensity index would be used. The impact on incentives of each approach depends on the nature of updating,
if any, embodied in the allocation approach.

Detailed consideration has been given to a possible output benchmarking approach in the pulp
and paper sector, based on the categorisation of the industry by product and/or production
process. However, robust benchmarks are very difficult to develop, owing to the diversity
within the industry. Our assessment is that the use of this approach would require substantial
additional work, including the collection of a large amount of additional data. This is
corroborated by a review of the literature, which shows a very large range of values for product-
specific “BAT” energy efficiency.

The main candidate benchmark evaluated here is an extension of the new entrant formula, based
on separate benchmarking of the primary combustion process and the direct-fired drying
process. Applying the NER method directly (with a single industry-wide load factor) is likely to
result in allocations varying significantly across sites, relative to their average emissions in
recent years. This is a reflection of the high variability of load factors across sites, processes,
and products. In addition, allocations calculated for incumbents using the NER method were
significantly below recent average emissions, but it is not clear that the sample of sites is
representative of the sector as a whole. As in other sectors, the actual allocation resulting from
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any benchmarking method will depend on the overall cap of allowances in the sector and in the
NAP as a whole; this is an issue outside the scope of this study.

A potentially important extension to the current investigation would to consider a more detailed
breakdown of load factors. One option is to do this on the basis of product mix, although this
would require more data and further analysis. Another potential method to address varying load
factors is to use site-specific load factors, perhaps based on historical data. This could help
address the site-specific idiosyncrasies in product mix, utilisation, and processes that
characterise the sector. A further option for accommodating the diversity within the sector is
through the introduction of plant specific efficiency factors. This could be designed to reflect
the age of the plant by applying one of a range of standard efficiency factors.

A consideration in the Pulp & Paper sector is the possibility that spare boiler capacity exists
because of improvements in mill energy efficiency since the installation of the boiler. Using a
sector-average load factor would reward such plants with a higher allocation. However, the
conclusion from this is unclear, as it could equally be seen as a reward for early action or a
penalty to newer plants that have equally or more efficient technology but a better match
between boiler capacity and mill requirements. A related consideration is that the existence of
spare boiler capacity means there is a possibility to increase production capacity by improving
mill efficiency but without obtaining a higher allocation. This situation will only arise where
spare boiler capacity exists, and again the conclusion depends on how the allocation to spare
boiler capacity is viewed. The issue of spare boiler capacity could be assessed by establishing a
site-specific load factor, which in turn could be largely based on BAT for a particular product or
process.

As with all allowance allocation, the use of updating (including revision of utilisations and
factors, forfeiture of allowances upon shutdown, and allocation to new entrants) has the
potential to distort the incentives for cost-effective abatement provided by the trading scheme.
It may also have different effects depending on the benchmarking method used. Generally
speaking, incentives are less distorted with less differentiation across the updated parameter. Of
particular relevant for the pulp and paper sector is that the New Entrant method is input-based.
This blunts incentives for new entrants to use energy efficient technology, as higher allocations
are obtained by installing a large primary combustion plant input capacity.

In sum, further work is necessary to establish the exact consequences of the use of
benchmarking to allocate allowances to incumbents in the pulp and paper sector. A potentially
viable method is available through the extension of the New Entrant method to incumbents.
Important issues to resolve include whether site-specific historic information could help ensure
allocations achieve the desired level of correlation with site need for allowances.

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets benchmark May 2005

research report final report_270705 formatted.doc

15187
Economic Consulting



198

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets benchmark May 2005

research report final report_270705 formatted.doc

15187
Economic Consulting



199

10. Ceramic Products

10.1 Sector Description
The ceramics industry is broadly characterised by a range of product categories, which include:
* Heavy Clay Products (Bricks, pavers & construction products);
* Refractory Products;
* Tableware, cookware & gifts;
e Ceramic Tiles; and
e Sanitaryware.

The sector is not only energy intensive, but also the huge range of products and materials results
in considerable variation in GHG emissions from different installations and leads to a relatively
complicated estimation method.

The manufacture of ceramic products results in the emissions of CO,, which arise from the
following sources:

¢ Combustion of fossil fuel in kilns;

¢ (Calcination of limestone/dolomite in the raw materials;

* Limestone for reducing air pollutants;

* Combustion of alternative fuels (biomass and waste products) in kilns.

Consequently, CO, emissions need to be disaggregated into ‘energy based’ and ‘process’
categories.

There are approximately 230 ceramic manufacturing sites in the UK, although only 110 have
received allocations under the EU ETS phase 1.

10.2 Ceramics Contacts and Data Availability

10.2.1 Ceramics Sector Contacts

The following organisation in the sector has been contacted:
* Ceramics Federation

Telephone discussions have taken place to discuss data and key issues. However, this
organisation has not been able provide requested information within the project timescales.
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10.2.2 Data Availability
A range of data sources on the ceramics sector have been obtained and reviewed, as follows:

* FES report on benchmarking
* Papers on allocation methodologies from other member states
* Journal articles and research papers on benchmarking issues

¢ Other documents as referenced in this section

10.3 Benchmarking Issues

Given the complex nature of the ceramics industry, there are a number of variables within the
ceramics industry that influence the emissions of CO,. These include:

* Kiln type;

¢ Fuel Mix;

e Product type;

¢ Product composition.

The potential combinations can be reduced to some extent by considering 4 key sub-sectors,
which are:

* Brick manufacture;

» Tile manufacture;

e Refractories; and

e Other (typically tableware and sanitaryware).

By far the largest sub-sector is brick manufacture, which accounts for approximately 80% of the
CO, emissions from the sector. This is also the sub-sector that is most readily categorised by
product and process. Benchmark data in terms of specific energy consumption (SEC) per tonne
of product have been produced but this does not necessarily take into account the variation in
energy consumption due to variation in the organic content of clay. Further work may allow
this sub-sector to be comparatively readily benchmarked, whereas the tableware, sanitaryware
and gifts sub-sector includes such a diverse range of products that benchmarking in terms of
energy consumption per tonne of product is not practical.

10.3.1 Kiln & Product Type

The ceramics industry makes use of 4 main kiln designs, which are applicable for different
products and processes and, as such, their energy efficiency varies. Within the brick sub-
sectors, the products can be categorised and each product category can be linked to one or more
kiln type and visa versa. Table 10.1 summaries the kiln types and associated products.
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Table 10.1  Brick Kilns and Product Types

Kiln Type Product
Chamber Hand made & Soft Mud Facing
Common Facing & Engineering
Hoffman Common Facing & Engineering
Tunnel Hand made & Soft Mud Facing
Common Facing & Engineering
Pavers
Specials
Intermittent Pavers
Specials
Others

This effectively defines a matrix for the estimation of energy related CO, emissions, which can
be determined from a range of specific energy consumption benchmarks. These are discussed
in more detail below.

10.3.2 Specific Energy Consumption

SEC is the principal benchmark that determines the energy related CO, emissions from the
ceramic firing process. Considerable data is held by Ceram, the research association for the
ceramics industry, which has been established from a number of studies undertaken over the
past 25 years but more recently between 1999 and 2003 to support the introduction of the
Climate Change Agreements. It is understood that this data has been used by FES to develop
the new entrants allocation method and hence the FES data has been used for this project.
Direct reference to the industry data has not been possible within the scope of this project. It
should however be noted that the research projects were not originally intended to provide
benchmark data and hence the data should be treated with caution at this stage.

Alternative sources for relevant SECs include the CCA targets and the ENUSIM> model, which
was developed to predict sector CO, emissions to 2012. The data provided by Ceram is
empirical data based on the performance of a range of installations and is reported by the
industry as being ‘typical’. As such, this data does not necessarily represent BAT. For the
ceramics industry, techniques for reducing energy consumption are described as follows:

* Improved kiln design;

* Recovery of kiln waste heat;
* Co-generation;

* Fuel switching;

* Modification of ceramic bodies — e.g. use of additives to reduce drying and firing
times.

% The ENUSIM model is energy and emissions model that can be used to simulate the effect of various
measures on emissions and costs. It includes data at an industry and technology level.
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BAT recommendations are not made in the draft version of the BREF guidance. However it
does provide information on current ranges of SEC for different product categories. These are
total SEC’s and therefore contain varying components of electricity energy input™®.

Examples provided for the manufacture of ‘coarse ceramics’ such as bricks and tiles include:

* Bricks: the BREF suggests typical SECs ranging from 1.4 GJ/t (389 kWh/t) to
2.4 GI/t (667 kWhit).

* Brick and roof tiles: the most recent SEC provided for the UK (1997) was 11.33
GJ/tonne for drying and firing. Although this had declined significantly from 1990
(13.15 Gl/tonne) it is the highest in the European countries surveyed, the lowest
being Portugal, with 3.33 GJ/tonne.

* Refractories: between 3.2 and 9.7 GJ/tonne, depending on the type of dryer and
kiln used, and the type of product.

For ‘fine ceramics’ such as wall and floor tiles, tableware, sanitaryware and technical ceramics
the combination of factors contributing to SEC are complex depending on the level of drying,
firing and the variation of product.

10.3.3 Fuel Mix

The primary fuels used by the ceramics industry are natural gas and coal. The proportions of
each fuel type assumed by the ENUSIM model are summarised in Table 10.2

Table 10.2  Fuel mix for different products

Sub-sector Gas Coal
Brick Manufacture 67% 33%
Tile Manufacture 100% 0%
Refractory Products 100% 0%
Other (Tableware & Sanitaryware) 100% 0%

However, the coal usage is primarily for the production of fletton bricks, which is limited to 2
sites within the UK and represents about 5% of the total energy consumption.

This fuel mix has been applied to the New Entrant Methodology to take into account that fact
that the FES methodology was based on the assumption that all new entrants would use gas-
fired furnaces.

% The SEC data includes electrical energy and is therefore not directly applicable to the EU ETS without
an appropriate adjustment factor to cover fuel use only.
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10.3.4 Process Emissions

A methodology for calculating the CO, emissions from the brick manufacturing process has
been developed by Ceram to determine the baseline emissions prior to the implementation of the
EU ETS. Emissions factors were developed to relate to the total decomposition of carbonate in
the raw materials, both the clays and additions. This has resulted in the following equation”’:

The associated Predicted

Process N Output s '\].‘L.w_l:i_nl
Oy =) Toss on v Reope®™ x cl]}lrjhl\-ll]
ignition tctor
Table 10.3  Material emission factors
Material Emission Factor (Tonnes of CO, per tonne of dry green
materialf
Etruria Marl 0.006
Keuper Marl Average 0.108
Keuper Marl Low 0.044
Keuper Marl High 0.124
Shales 0.049
Weald 0.028
Fireclay 0.045
Ball Clay 0.010
Other Clay Low* 0.068
Other Clay High** 0.135
Limestone 0.44
Dolomite/Dolofil 0.48
Barium Carbonate 0.22

The ceramics industry uses this methodology in the reporting of process related CO, emissions;
it has also been adopted by FES to determine the process related allocation for new entrants.
For the illustrative purposes of this analysis, the process related allocations are taken from the
average reported by the industry over the previous 2 years.

10.3.5 Data Availability

The ceramics industry has embarked on quite an ambitious data collection programme in recent
years and has established a relatively robust method for estimating CO, emissions from both the

7 Ceramics — Methodology for the Determination of EUETS Baseline Emissions — BCC/CERAM
Calculation Methodology Version 5, 12" July 2004
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energy use and the brick manufacturing process itself. The approach adopted is quite data
intensive, requiring not only energy consumption and production data, but also details of the
raw materials used in each product. Given that the industry has already established a data
intensive approach, a relatively complicated method for calculating allocations is likely to be
acceptable to the industry.

10.4 Benchmark Allocation

The British Ceramic Confederation hold a considerable amount of data and has been helpful and
supportive in this project. However, site specific information has not been available to this
study and hence the assessment of the new entrants method is at sub-sector level only.

10.4.1 New Entrant Formula
Bricks & Tiles

The approach for calculating the allocation for new entrants deals with CO, emissions from
combustion and from process emissions separately. The energy related CO, is an output related
method and is determined from the equation:

CO,,=Ptp x SEC x EV
Where:
CO,, = energy related CO,
Ptp = Predicted Output
SEC = Specific Energy Consumption
EV = Emissions value.

The process related CO, is determined from the methodology developed by the industry to
establish the baseline emissions for the EUETS (as described above).

The SEC data from the industry research are summarised in Table 10.4. These represent current
typical performance rather than BAT but do not take into account the characteristics of the clay.
The table includes average values, which are intended to illustrate the range of values that could
be applied at a sector level, which demonstrates the need for this level of disaggregation as a
minimum.
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Table 10.4 Specific Energy Consumption for Brick Manufacture

Kiln Type Specific Energy Consumption (kWh/tonne)

Common Handmade & Pavers Specials Others Average

facing & soft mud

Engineering facing

Chamber 245 735 490
Hoffman 573 573
Tunnel 643 741 1467 658 877
Intermittent 1789 1800 1187 1592
Average 409 689 1265 1634 923 1235

The analysis covers brick and tile manufacture at a sector level and to obtain a representative
sector SEC, a weighted average of the values would be required, based on the relative
production. However, as this data is not currently available, a representative figure has been
used that is based on the average of the proposed range for BAT. This is also very similar to the
average for facing bricks, which is the product with the highest annual production. This results
in a representative SECs for bricks of 528 kWh/tonne. For tiles, the SEC is taken directly from
the work by FES, which is 2,151 kWh/tonne.

10.4.2 Adjustment Factor Method

Other member states have used an approach that is based primarily on historical emissions data,
to which they apply a number of factors. The Dutch and German approaches are broadly
similar, and for the purposes of this study, an adjustment factor method has been developed on
the basis of the Dutch approach.

In the Dutch NAP, the formula for incumbents in the ceramics sector is based on historical
emissions over a reference period but with adjustments to take into account projected sector
growth and the relative energy efficiency of each installation. The generic formula developed
is:

A=HExGxEExC
Where:
A = the allocation to an individual installation
HE = the historic emissions (2001-2002)
G = the sector growth (2003-2006)
EE = the relative energy efficiency
C = the correction factor to remain below the overall emission ceiling

This approach takes into account the current situation but then applies a driver in the form of an
energy efficiency factor. This in turn, requires a standard benchmark against which individual
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sites can be assessed. It allows the introduction of a BAT based target or can be used to apply
pressure to companies that are worse than average for the sector and similarly provide a benefit
to those that are better than average. This could incorporate an approach very similar to the
specific energy consumption figures discussed in the context of the New Entrants method.

For the purposes of this study, the growth forecasts are excluded from the analysis.

The efficiency factors could be developed using the same SEC data as defined by FES but site
specific data is not available to undertake such an analysis at this stage. To illustrate the
principle, an alternative approach would be to use benchmarks based on the information from
the CCA targets. The subsector targets are summarised in the table below. The SEC data
includes electricity and hence is not directly comparable with the data used by the new entrant
method. However, the efficiency factors are the ratio of the site performance against the
representative ‘industry average’ and hence, this will be valid providing the same set of data is
used.

Table 10.5 Efficiency targets by sub-sector

Target period Sub-sector Sub-sector target
(Av. SEC kWh/te)

1st October 2001 to 30th Bricks 976
September 2002

Refractory 3196

Earthenware/ sanitary ware/tiles 9701

Other 1234
1st October 2003 to 30th Bricks 953
September 2004

Refractory 3145

Earthenware/ sanitary ware/tiles 9098

Other 1204
1st October 2005 to 30th Bricks 937
September 2006

Refractory 3073

Earthenware/ sanitary ware/tiles 8979

Other 1174
1st October 2007 to 30th Bricks 916
September 2008

Refractory 3033

Earthenware/ sanitary ware/tiles 8935

Other 1155
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Target period Sub-sector Sub-sector target
(Av. SEC kWh/te)

1st October 2009 to 30th Bricks 903
September 2010
Refractory 2974
Earthenware/sanitary waref/tiles 8787
Other 1137

10.4.3 Comparison with Phase 1 NAP Allocation

To provide an assessment of the two benchmark approaches, the allocations calculated
according to each method have been compared with both the actual emissions for 2003 and the
annual allocation under phase 1. The table below summarises the comparison of the new
entrant method with the phase 1 allocation. The production data was taken from the ENUSIM
model and adjusted to a 2003 baseline. This was also verified against the Brick Associations’
Sustainability Strategy. However, there is clearly some uncertainty in this data and hence an
additional calculation has been included which includes further adjustment for the recent growth
trends in each sub-sector. The calculation for the new entrant method also includes an
adjustment according to the fuel mix in the brick sub-sector.

Table 10.6 Comparison of allocations by alternative NER benchmarks

Sub-sector Relevant NER Allocation NER Allocation Ratio versus Ratio versus
Emissions (Adjusted NAP allocation NAP allocation
output) (Adjusted
output)
(tCO2) (tCO2) (tCO2) % %

Bricks 1,498,454 1,339,225 1,375,241 89% 92%

Tiles 101,804 96,962 123,807 95% 122%
Refractory 41,696 - -

Other 171,541 71,713 68,404 42% 40%

This table verifies the conclusion by FES that this approach is only suitable for the brick and tile
manufacturing sub-sectors. The technical feasibility of benchmarked allocation approaches for
other products in the ceramics sector based on product or technology-specific benchmarks is
low. This is due to the inherent flexibility that many suppliers have with regards to their ability
to control either installed technology, fuel inputs or marketed product outputs, sufficiently to
make their product mix SEC comparable with more homogenous products. Therefore these
sub-sectors, including refractory products, are likely to be best served by a grand-fathering
based approach.

The total allocation under this method implies a reduction of between 1% and 3% against the
phase 1 NAP for brick manufacture and a variation of between —14% and +10% for tiles.
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The table below summarises the comparison of the Adjustment Factor allocation method with
the phase 1 allocation. A more detailed table summarising each installation is also provided at
the end of this section.

Table 10.7  Allocation by Adjustment Factor Approach

Sub-sector Relevant Emissions Adjustment Factor Ratio versus Relevant
Approach Allocation Year Emissions
1 (2005)

(tC02) (tC02) (%)
Bricks 1,498,454 1,411,932 94%
Tiles 101,804 114,614 113%
Refractory 41,696 39,595 95%
Other 171,541 161,513 94%
Total 1,813,495 1,727,653 95%

Under the Adjustment Factor Approach method, the overall allocation shows a reduction of
between 5% and 6% for each sub-sector, with the exception of tile manufacture, which shows
an increase of 13%. This is due to the significant growth projections.

The sub-sector allocations under each of the methods discussed above are summarised in the
figure below.
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Figure 10.1 Comparison of benchmarks

1,600,000
1,400,000 | = - - - - e e
1,200,000
1,000,000 @ Bricks
S 800000 {{ |- | m Tiles
- 0 Refractory
600,000 O Other™
400,000
200,000 R e EEEEEEEE ) S — T
_ 'm0 WO I_I
Draft NER NER Ratio versus
Allocation  Allocation  Allocation NAP
(Adjusted allocation
output)
h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets benchmark May 2005

research report final report_270705 formatted.doc

15187

Entec

NERA

Economic Consulting



210

Table 10.8 Adjustment factor Allocation Method - Individual Installation Analysis

Total declared

Draft NAP  Adjustment Factor

Adjustment Factor

emissions Allocation Allocation Allocation
Site 2003 Phase 1 Year 1 (2005) Ratio versus NER
allocation
(tCo2) (tCO2) (tC0O2) (%)
1 Bricks 21,167 20,449 21,154 103%
2 Bricks 37,544 35,867 37,521 105%
3 Bricks 55,519 48,755 55,485 114%
4 Bricks 31,735 31,025 31,715 102%
5 Bricks 10,669 10,857 10,662 98%
6 Bricks 24,192 23,049 24,177 105%
7 Bricks 5,553 5,371 5,550 103%
8 Bricks 3,148 3,630 3,146 87%
9 Bricks 273 338 273 81%
10 Bricks 5,711 8,224 5,707 69%
11 Bricks 1,643 3,640 1,642 45%
12 Bricks 17,576 18,091 17,565 97%
13 Bricks 1,599 2,188 1,598 73%
14 Bricks 3,674 3,364 3,672 109%
15 Bricks 3,853 6,432 3,851 60%
16 Bricks 16,787 19,976 16,776 84%
17 Bricks 21,649* 25,864 21,636 84%
18 Bricks 6,217 5,297 6,213 117%
19 Bricks 83,704 71,994 83,652 116%
20 Bricks 44,678 46,375 44,650 96%
21 Bricks 24,151 23,056 24,136 105%
22 Bricks 13,871 12,605 13,862 110%
23 Bricks 7,850 7,383 7,845 106%
24 Bricks 14,206 20,705 14,197 69%
25 Bricks 14,438 13,474 14,429 107%
26 Bricks 7,142 6,972 7,138 102%
27 Bricks 8,978 8,663 8,972 104%
28 Bricks 11,180 10,102 11,173 111%
29 Bricks 21,906 21,134 21,892 104%
30 Bricks 29,992 31,908 29,973 94%
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Total declared Draft NAP Adjustment Factor Adjustment Factor
emissions Allocation Allocation Allocation
Site 2003 Phase 1 Year 1 (2005) Ratio versus NER
allocation
31 Bricks 173,873 160,930 173,765 108%
32 Bricks 21,552 21,221 21,539 101%
33 Bricks 13,829 15,591 13,820 89%
34 Bricks 35,121 32,659 35,099 107%
35 Bricks 22,636 22,7117 22,622 100%
36 Bricks 18,894 17,910 18,882 105%
37 Bricks 23,346 24,348 23,332 96%
38 Bricks 46,737 47,893 46,708 98%
39 Bricks 12,387 11,119 12,379 111%
40 Bricks 14,254 14,208 14,245 100%
41 Bricks 15,387 15,357 15,377 100%
42 Bricks 20,700 22,901 20,687 90%
43 Bricks 23,204 22,280 23,190 104%
44 Bricks 19,529 20,007 19,517 98%
45 Bricks 13,567 13,401 13,559 101%
46 Bricks 23,588 23,389 23,573 101%
47 Bricks 14,900 13,704 14,891 109%
48 Bricks 6,998 6,763 6,994 103%
49 Bricks 19,883 19,692 19,871 101%
50 Bricks 7,173 7,353 7,169 97%
51 Bricks 17,937 16,996 17,926 105%
52 Bricks 17,957 16,975 17,946 106%
53 Bricks 2,455 2,296 2,453 107%
54 Bricks 16,516 15,907 16,506 104%
55 Bricks 13,838 13,333 13,829 104%
56 Bricks 7,414 7,073 7,409 105%
57 Bricks 4,678 4,669 4,675 100%
58 Bricks 9,071* 9,939 9,065 91%
59 Bricks 5,808 6,151
6,155 106%
60 Other 3,839 3,820 3,615 95%
61 Bricks 2,088 1,912 2,087 109%
62 Bricks 6,036 5,553 6,033 109%
63 Bricks 13,769 13,592 13,760 101%
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Total declared Draft NAP Adjustment Factor Adjustment Factor
emissions Allocation Allocation Allocation
Site 2003 Phase 1 Year 1 (2005) Ratio versus NER
allocation
64 Bricks 38,804 37,104 38,780 105%
65 Bricks 11,546 11,682 11,539 99%
66 Bricks 22,077 20,054 22,063 110%
67 Bricks 21,039 19,924 21,026 106%
68 Bricks 18,766 20,824 18,754 90%
69 Bricks 21,275 21,555 21,262 99%
70 Bricks 10,855 10,176 10,848 107%
71 Bricks 7,139 13,161 7,135 54%
72 Bricks 9,700 9,934 9,694 98%
73 Bricks 1,091 1,065 1,090 102%
74 Bricks 24,610 22,044 24,595 112%
75 Bricks 3,320 2,793 3,318 119%
76 Bricks 3,709 3,856 3,707 96%
77 Refractory 4,925 5,910 4,677 79%
78 Refractory 717 722 681 94%
79 Refractory 1,107 953 1,051 110%
80 Refractory 5,423 4,898 5,150 105%
81 Refractory 4,342 3,520 4,123 117%
82 Refractory 6,975 6,100 6,623 109%
83 Other 2,340 3,117 2,203 71%
84 Refractory 4,645 3,888 4,411 113%
85 Refractory 1,375 1,252 1,306 104%
86 Other 16,723 15,075 15,745
104%
87 Tiles 8,492 8,420 9,561 114%
88 Tiles 6,697 7,584 7,540 99%
89 Tiles 17,895 14,763 20,147 136%
90 Tiles 28,001 27,952 31,524 113%
91 Tiles 11,274 10,464 12,692 121%
92 Tiles 4,675 4,052 5,263 130%
93 Tiles 6,693 6,376 7,535 118%
94 Other 3,142 3,310 2,958
89%
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Total declared Draft NAP Adjustment Factor Adjustment Factor
emissions Allocation Allocation Allocation
Site 2003 Phase 1 Year 1 (2005) Ratio versus NER
allocation
95 Tiles 16,041 13,165 18,059 137%
96 Tiles 4,192 4,414 4,719 107%
97 Brick 2,878 2,715 2,876 106%
98 Brickj 1,732 1,801 1,731 96%
99 Refractory 6,184 5,006 5,872 117%
100 Other 30,824 53,665 29,022 54%
101 Other 12,745 11,090 12,000 108%
102 Other 20,361 21,212 19,171 90%
103 Bricks 27,581 28,595 27,564 96%
104 Bricks 20,217 23,309 20,204 87%
105  Bricks 11,164 10,389 11,157 107%
106 Bricks 12,272 11,590 12,264 106%
107 Other 17,897 18,308 16,850 92%
108 Other 20,612 20,060 19,407 97%
109 Other 9,581 9,953 9,021 91%
110 Refractory 2,838 2,361 2,695
114%
hi\projects\em-260\5000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets benchmark May 2005

research report final report_270705 formatted.doc
15187

Entec NERA

Economic Consulting



214

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets benchmark May 2005

research report final report_270705 formatted.doc

15187
Economic Consulting



215

10.4.4 Summary table on development of benchmarks

Sub-sector specific energy
efficiency

energy efficiency factor

expressed as ratio of site
specific energy
consumption and process
specific benchmark.

No  Description Activity measure to apply to Level of sectoral disaggregation for Emissions Comments
benchmark emissions data benchmark emissions data benchmark
1 NER Allocation = Energy allocation + process Disaggregation into 4 sub-sectors, approach Benchmarks are: Detailed breakdown
allocation only applicable to 2. One of these sub-sectors - for bricks due to
further disaggregated by product and process specific energy consistency in
Energy allocation = production output x type consumption production process
specific energy consumption benchmark x ] o and data availability.
emission factor material emission factor Pareto principle
. . applies.
Process allocation = production output x
material emission factor
2 NER plus fuel breakdown As above with fuel specific emission factors Applicable to 2 or 4 subsectors (Bricks and Tiles) Benchmarks are: As above
specific energy
consumption
material emission factor
3 Adjustment Factor Approach - Allocation = historical emission * specific Applicable to bricks and tiles only Energy efficiency factor Process specific

benchmarks are
specific energy
consumption
determined as a
function of
subsector, product
and process type.

Development would
be based on
considerable
existing data.
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No  Description Activity measure to apply to Level of sectoral disaggregation for Emissions Comments
benchmark emissions data benchmark emissions data benchmark
4 Adjustment Factor Approach - Allocation = historical emission * specific No disaggreagation Energy efficiency factor = \/ Site specific

Site specific energy efficiency

5 Process specific energy
efficiency

energy efficiency factor

Allocation = capacity x product and process Disaggregation by:
specific energy consumption
equipment type;
product (and raw materials)

fuel type

site specific energy
consumption/site specific
benchmark

Benchmark = specific
energy consumption

benchmark is based
on historical data
and represents
average of sub-
sector. Applicable
for refractory,
tableware and
sanitaryware

Examined
characteristics of
furnace type and
capacity for generic
application across
the sector.

Note: v means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a
selected number of sites within the industry.
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10.5 Evaluation of Ceramics Benchmarks

10.5.1 Feasibility and Verifiability

Data availability in the ceramics sector is generally good. Both the New Entrant
method and the Adjustment Factor method are feasible from the point of view of
data availability. In most cases it would be technically feasible to disaggregate
benchmarks along a range of different dimensions, including sub-sector, product or
product type, kiln type, and fuel mix.

The Adjustment Factor approach would require energy efficiency target data. This
could be taken from the CCA framework, though site-specific energy efficiency
targets would require potentially complex new negotiations. It may be possible to
develop a standard method for the brick and tile sub-sectors using the existing
benchmarks.

A product-based benchmark would be technically feasible in the brick and tiles
sub-sectors. However, reliable product based SEC figures are not available for
refractory products and “other” (tableware, cookware & gifts and sanitaryware)
sectors. . These sectors are therefore likely to need another form of benchmark or
allocation methodology.

Procedures for the calculation of process emissions are well developed and could
be based on the methods currently used for the reporting of historical emissions.
This could be done either for historical emissions, in the Adjustment Factor
method, or for projected output in the output-based approach.

10.5.2 Simplicity, Transparency, and Standardisation

The modified NER benchmark methods for the bricks and tiles sub-sectors are
standardised to a high degree. There has been no adjustment for any site-specific
technologies or circumstances except insofar as these are reflected in historical
emissions or load factors. The calculation of the allocation for each uses the same
data sources and calculation steps are minimised. These methods have a high
degree of transparency.

Negotiation of energy efficiency targets is typically not a transparent process, even
at the sector level. It would probably be even less transparent at the site level.58
This would work against the Adjustment Factor approach unless negotiated targets
were not used and standardised targets were used instead. The international

> The use of pre-existing site-specific targets also lacks transparency, but it may be fair to use
them if they represent agreements prior to emissions trading and reflect what is actually possible
at a particular site—under emissions trading what is actually feasible at any particular site need
not limit the targets that are set, since a site can always use the emissions market.
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benchmarking methods by definition derive their target from international
comparison rather than negotiation.

The simplicity and standardisation of benchmarks are potentially compromised if
the allocation formulae or benchmark figures are highly disaggregated and
therefore numerous. This concern is particularly relevant to the ceramics sector,
where a very large range of products and kiln designs are present. It may be that
the criteria of transparency, simplicity, and standardisation, as well as other
objectives, are best met by restricting the number of benchmark below the level
that is potentially technically feasible.

10.5.3 Consistent with Site Need for Allowances

Benchmarks that incorporate historical information may be able to reflect better
any site-specific idiosyncrasies in capacity utilisation or emissions factors.
(Adjustment Factor method) Site-specific load factors could be used to reflect the
same information. (modified NER method)

BAT CO2 emission factors are available for different product kiln types and their
use may better reflect need. As with all product and technology differentiation,
this has to be assessed against other criteria, including simplicity, standardisation,
and the incentives for clean technology.

The use of a sector-based growth prediction can be used to ensure that adjustments
in the structure of the overall economy can be realised and could be used for both
benchmarking methods considered here. However, if applied to individual
installations it will only be an accurate reflection of need at those installations if
sector growth is entirely due to expansion of output at incumbent installations.

The Adjustment Factor method can be modified to take account individual sites’
energy efficiency potential, although one of the goals of emissions trading is to
eliminate the need for the detailed site-specific knowledge that would be required
to negotiate site-specific targets.

If the Adjustment Factor approach uses an overall energy efficiency target it may
not meet site need for allowances to cover process emissions (which cannot be
reduced by improving energy efficiency). This can be addressed by modifying the
approach to disaggregate process and combustion emissions, as was done for the
Phase I allocation.

As noted above, an output-based benchmark method appears to be robust in the
bricks and tiles sector. The sample of sites investigated showed a close
correspondence of calculations based on actual production data and historical
emissions. However, an output-based method did not provide an accurate
reflection of individual sites’ need in the refractory and “other” sectors.

The extent to which the NER method meets site needs depends heavily on which
benchmark is used. The calculations on a sample of sites presented above used
actual industry data as the benchmark, and in the bricks and tiles sector this
resulted in allocations similar to those based on historical emissions. Using BAT
SEC figures it will tend to reduce the allocation to most sites below their need
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because the average SEC figure of UK ceramic plants is higher than that of BAT.
The stringency is dependent on the parameters used and the Adjustment Factor
approach could have similar impact if the efficiency target were sufficiently
stringent.

e The current version of the NER benchmark method presented here does not
provide a method for making production forecasts. Broadly speaking, this could
either rely on historical production for incumbents, or on capacity and load-factor
data. If a capacity-based forecast is used, the load-factors may incorporate
historical information. It is also important to consider the level of aggregation of
any load-factor data used. If load-factors are highly variable, site need may only be
properly reflected through site-specific load-factors.

e Allocations to new entrants and to new capacity at incumbent sites can be
estimated using the FES approach in brick and tiles sectors. In any sector using the
Adjustment Factor approach some further specification would be required.

* As with other benchmarks, the application of the natural gas emissions intensity
may leave non-gas users with fewer allowances than they require. This may only
be a concern in the bricks sub-sector as other ceramics sub-sectors use almost
exclusively natural gas.

10.5.4 Provides Incentives for Best Practice and “Clean Technology”

* The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives
unaffected so they do not differ from those provided under simple grandfathering
or auctioning.

e If new entrants receive allocations based on the same methodology used for
incumbents, this may make it more difficult to use benchmarks that are not output-
based or that are differentiated. Input-based and differentiated benchmarks would
be likely to reduce the incentives for clean technology among new entrants.

» If the modified FES approach is based on fixed historical output values incentives
for incumbents will not differ from those under grandfathering or auctioning,
although they may have greater incentives to add capacity to qualify as new
entrants. If the output data are updated over time, incentives for abatement through
adjustments to production or switching to less carbon-intensive products will be
reduced. The incentives can only favour “cleaner” technology to a greater extent
than auctioning if the overall EU allowance price is assumed not to remain
constant.

* Shutdown forfeiture and other forms of updating may also deter sites from closing,
and these are likely, all else being equal, to be dirtier sites. However, as with other
sectors, although the “replacements” for installations that shut down may be
cleaner new entrants in the UK, they may also be (possibly dirtier) installations in
other Member States, or even (dirtier) installations outside the EU.

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets May 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



220

Incentives under the Adjustment Factor approach may differ because of the
possibility of differentiating efficiency targets by technology types (eg, different
types of kilns) or even by site. Assuming there is no such differentiation the
incentives should not differ from those under grandfathering or auction except
under the above circumstances.

Assuming updating, using lower benchmarks may increase the likelihood that the
dirtiest sites will close (relative to another updated case with a higher benchmark).
Without shutdown forfeiture of allowances, incentives for closure are unaffected
by the allocation method.

10.5.5 Minimises “Gaming” and Perverse Incentives

As noted above, it may be desirable to allocate to new entrants via the same
method used for incumbents. However, there are potentially perverse incentives if
new entrant allocations are differentiated by technology, and also if incumbents can
“reclassify” themselves as new entrants.

As with other sectors, all forms of updating distort incentives for the cost-effective
abatement of emissions. However, because of the possibility of leakage outside the
EU or to other member states, there may actually be little environmental benefit
achieved by not updating.

In a case where targets and/or utilisations are updated between periods, incentives
will be distorted less if the factors used are not site-specific and are differentiated
as little as possible. An installation is less able to influence its future allocation
through current decisions if future allocations are based on sector averages rather
than site-specific activity. It may therefore be preferable not to renegotiate targets
under the Adjustment Factor approach, or to use standardised measures rather than
negotiated targets.

With site-specific differentiation, updating of load factors is less likely, other
things being equal, to distort incentives for emissions abatement than is updating of
emissions or input use. A combination of updating and differentiation by product
type will blunt incentives to switch from high-emitting to low-emitting product
types where these are potential substitutes.

Using different approaches to allocate to new entrants and incumbents will also
distort incentives.  This is unavoidable with the Adjustment Factor and
International Benchmark methods, which rely on site-specific historic data that will
does not exist for new entrants.

If different benchmark methods are used in different sub-sectors of the ceramics
sector, sites may prefer a particular sector classification based on their relative
performance under the two benchmarks. If this changes production decisions or
results in excessive negotiation or lobbying it may be a source of perverse
incentives. Similarly, if benchmarks are differentiated by technology type (eg, kiln
type) and updating is used, the incentives for switching to a lower-emitting
technology would be worse than under an approach which does not incorporate
such differentiation. This is because, while switch to a new technology would
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result in fewer emissions with corresponding lower need for allowances, it would
also result in a lower allocation in future periods.

10.5.6 Certainty

* Assuming all methods are combined with some form of updating, and that the
overall level of allocations is determined subsequently by government, an approach
that is based on a simple emissions per unit output factor may provide the greatest
certainty, but it is difficult to compare the approaches.

* Using updated historical emissions information combined with updated growth rate
projections and updated emissions factors under the Adjustment Factor approach
could introduce a greater level of uncertainty, since there are a wide range of
parameters, some of which may be subject to negotiation. Although sites (or
sectors) may feel that they have more control over their own targets, their
allocations may be affected by targets negotiated with other sites (or sectors), over
which they may have little influence.

10.5.7 Consistency with Other Member States

e Formally the Adjustment Factor approach has the potential to be consistent with
other Member States and has the advantage of already being used in both the UK
and the Netherlands. However, there is little guarantee that the resulting
allocations will be similar on a per-unit-output or per-unit-capacity basis across
countries. They may also differ as a result of differences in expected growth rates
and if energy efficiency targets are negotiated along different criteria. The
negotiated element could be removed if standardised benchmark targets were used.
It would of course be possible to harmonise most of the parameters, apart from
historical emissions. If projected emissions were used, then all parameters could
be made consistent.

* The output-based approach used in the NER method could be extended easily to
other Member States. However, there could be concerns about the consistency of
any projections of output or intermediate input use.

10.5.8 Consistency with Energy White Paper

* The benchmark used for the ceramics sector is not expected to affect consistency
with the Energy White Paper.
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10.5.9 Summary and Tentative Recommendations

Table 10.9 Summary Evaluation of Ceramics Benchmarks

Benchmark Approaches

Criterion Modified NER Adjustment
Approach Factor
Approach
Technical Feasibility and Verifiability Good/Fair Fair/Poor
Standardisation/Simplicity Fair Fair
Transparency Good Poor
Meets Need Fair Fair
Incentives for Clean Technology Poor Poor
Perverse Incentives/Gaming Fair Fair/Poor
Certainty Good Fair
Other Member States Good Fair
Energy White Paper NA NA

Notes: The Emissions Adjustment Approach cannot be evaluated fully without knowledge of the
energy intensity index would be used. The impact on incentives of each approach depends on the
nature of updating, if any, embodied in the allocation approach Also, the evaluation differs for
different sub-sectors, as explained in the text.

The characteristics of the brick and tiles sub-sectors make them well suited to an output-based
benchmark. The product mix is relatively homogenous, decreasing the risk of under- or over-
allocating to individual installations. Extensive and detailed BAT information is available, and
procedures for the calculation of process emissions on the basis of output are also well-
established. For the refractory and “other” refractory and “other” (tableware, cookware, gifts,
sanitaryware, etc.) sub-sectors, BAT information or other output-based benchmarks do not
appear to be readily available and their construction may not be straightforward because of the
characteristics of these sectors. The number of product types in these sectors is very large, and
the energy consumption and hence emissions of a plant heavily depend on the product type and
output mix. The Adjustment Factor approach is in principle a feasible method, but no suitable
energy or emissions intensity index exists at present.

For the brick and tiles sub-sectors, further work could construct output-based benchmarks
differentiated not only by sub-sector, but also by kiln type, further disaggregated product type,
or fuel type. The aim would be to arrive at allocations corresponding more closely to site need.
However, this may go against the spirit of an output-based benchmarking approach attempting
to define a “best available technology” standard for a given output, and would reduce the
standardisation and transparency of the benchmark. In addition, it would work against
simplicity and one of the aims of emissions trading is to eliminate the need to ascertain the
abatement opportunities and emissions characteristics on a site-level.
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The finalisation of output-based benchmarks would depend heavily on the development of a
suitable methodology for the projection of output. It has not been possible to establish to what
extent site-specific load factors would contribute to more accurate projections and this needs
further investigation.

An output-based benchmarking approach would leave open the allocation method to be used in
the refractory and “other” sub-sectors. For these sectors, the variation in emissions intensity and
product mix can be captured on site-level by the use of historical emissions figures, while a
benchmark component could be preserved using an energy efficiency target. In the absence of a
pre-existing index, the values of the benchmarks may need to be negotiated. To preserve
transparency this process would aim for as much standardisation as possible. It may be that,
with further work, another form of benchmark (such as one based on input) could be developed
for these sector.

As with all allowance allocations, the use of updating (including revision of utilisations and
factors, forfeiture of allowances upon shutdown, and allocation to new entrants) has the
potential to distort the incentives for cost-effective abatement provided by the trading scheme.
It may also affect the assessment of the benchmark methods. Generally speaking, incentives are
less distorted with less differentiation. For example, allocation to new entrants using separate
benchmarks for different kiln types used for the same output could significantly reduce the
incentive for new entrants to choose the least emissions intensive technology. Also, an output-
based benchmark may be less distorting than an input-based or emission based approach in the
context of new entry.

In sum output-based benchmarks would be feasible in the bricks and tiles sub-sectors. The
projection of output may require the use of site-specific load factors, but the benefits of doing so
would merit further investigation. The refractory and “other” sub-sectors are less amenable to
benchmarking based on output. No suitable benchmark methods have been identified for these
sectors, but it would in principle be possible to use an approach adjusting historical emissions to
reflect energy intensity targets.
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11. Cement

11.1 Sector Description

The basic process of the cement industry is the thermal conversion of calcium and magnesium
carbonate aggregate into the oxide form in a kiln. The processes are very energy intensive with
the energy accounting for 30 - 40 % of the variable production costs™.

The main green house gas emitted by the sector is carbon dioxide derived from the combustion
of the fuel used to heat the kilns (combustion CO,) and from the chemical reactions that liberate
CO, from the carbonate aggregates (process CO,). The processes covered by the EU ETS® are
the production of cement clinker in rotary kilns with a production capacity exceeding 500
tonnes per day®’. The term ‘cement’ applies to the finished product which is a mixture of
clinker and a range of other materials.

11.1.1 UK Cement Industry

There are fourteen eligible facilities that produce cement clinker listed in the UK NAP
allocation for Phase 1°°. Thirteen of these facilities have been included in this analysis. The
exact status of the data for the fourteenth kiln, at Tunstead Quarry, was not established at the
time of writing. The ownership of the facilities is concentrated within only three companies,
Lafarge, Rugby Limited and Castle Cement. The majority of the out put from these sites is used
to supply the UK construction sector.

11.2 Cement Sector Contacts and Data Availability

11.2.1 Cement Sector Contacts
The following organisations in the sector have been contacted:

* British Cement Association
* Representatives from BCA, Buxton Lime, Lafarge, Rugby and Castle Cement.

Meeting with British Cement Association on 16th Feb 2005 in Abingdon [attendees listed
above]. Detailed discussion of the EU ETS and the issues of benchmarking.

%% Reference Document on Best Available Techniques in the Cement and Lime Manufacturing Industries,
European Commission , December 2001

60 European Union Emission Trading Directive 2003/87/EC
8 Greenhouse Gas Trading Scheme Regulations 2003 ( SI 2003 No. 3311)
%2 EU Emissions Trading Scheme, UK National Allocation Plan 2005-2007, DEFRA 2004

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets May 2005
benchmark research report final report_270705 formatted.doc

Entec NERA

Economic Consulting



226

Subsequent telephone conversations with association representatives on technical issues.
NAP data requested but the sector did not feel able to provide it.

The British Cement Association prepared a paper on the use of benchmarks containing specific
suggestions for how to define a benchmark for the sector. Entec were provided with a copy of
this on 13th April 2005 and discussed several points with the BCA that were subsequently
considered in the final preparation of the report.

11.2.2 Data Availability
A range of data sources on the cement sector have been obtained and reviewed, as follows:

* FES report on benchmarking
» Papers on allocation methodologies from other member states
* Journal articles and research papers on benchmarking issues

¢ Other documents as referenced in this section

11.3 Benchmarking Issues for Cement

The cement industry typically operates its plant at a high load factor such that production can
equal (or in some cases exceed) the stated kiln capacity. This provides certainty as to expected
levels of production and therefore makes it easier to predict how an allowance allocation will
compare to a site’s actual emissions.

The cement industry has potential to reduce its emission of CO, by a number of techniques.
These included changing blends, the large-scale use of bio-mass and implementation of further
energy efficiency measures. Emissions reduction potential has been reflected in announcements
of environmental targets made by some cement companies.

11.3.1 Defined Capacity

The cement industry does not regard the stated nameplate capacity of the kiln as a good
indicator of production capacity. According to industry representatives it is common to achieve
production rates that exceed the stated capacity of the kiln. The factor that determines
production levels may not be the kiln but the feedstock or fuel delivery system.
Notwithstanding this, the production capacity of a site can be established in a verifiable manner.

The fact that the cement industry typically achieves high use of its production capacity makes it
easier to predict likely utilisation rates. Large scale growth in production can only come from
the building of new capacity.

11.3.2  Kiln Type

The cement industry makes use of a number of different kiln designs with a range of energy
efficiencies. The European BREF * provides information on the energy efficiency of different
types of kiln in use in Europe.
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Table 11.1  Energy efficiency for types of kilns in use in Europe:

Kiln Type MJ/ t clinker
Dry process, multi-stage cyclone pre-heater and pre-calciner kilns about 3000
Dry process rotary kilns equipped with cyclone pre-heaters 3100-4200
Semi-dry/semi-wet processes (Lepol-kiln), 3300-4500
Dry process long kilns Up to 5000
Wet process long kilns 5000-6000
Shaft kilns 3100-4200

The energy efficiency figures cover quite a wide range with the wet processes being
significantly more energy and hence carbon intensive than the dry ones. International
comparisons made by Phylipsen er al © show the same features, namely that a significant
component of energy intensity relates to technology mix. Importantly, Phylipsen et al’s study
provides an international comparison showing that the country with highest carbon intensity per
tonne cement uses the highest proportion of wet kiln technology. Sites that employ higher
levels of wet processes in cement production are likely to have lower overall efficiencies.
Specifically, typical primary energy intensity ranges from 6200 MJ/tonne for wet kilns to 3400
MJ/tonne for dry kilns with pre-heaters/pre-calciners.

The types of kilns that were in use in the England and Wales in 2000 are shown in Table 11.2
below. Not all of these are included in NAP, either because they are below the capacity for
inclusion in the EU ETS or they are not longer in operation.

Table 11.2  Kiln Types and Fuel Usage in the Cement Industry in England and Wales

Operator Kiln Kiln Type Coal Tyres ggtke CEM MBM SS PRO SLF AWDF
Lafarge Aberthaw Dry \/ \/ V
Lafarge Barnstone Wet V
Lafarge Cauldon Dry/PC V V N V
Lafarge Hope 1 Dry/PH V V V
Hope 2 Dry/PH \/ \/ \/
Lafarge Northfleet 2 Semi wet \/ \/
Northfleet 4 Semi wet v v

% Industrial energy efficiency in the climate change debate: comparing the US and Major developing
countries, Dian Phylipsen, Kornelis Block and Jan-Willem Bode, pp 30-44 Energy for Sustainable
Development, Vol. VI No. 4, December 2003
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Operator Kiln Kiln Type Coal Tyres Pet CEM MBM SS PRO SLF AWDF
Coke
Lafarge Holborough Dry/PH/PC N N
Lafarge Westbury 1 Wet V V \/
Westbury 2 Wet V V \/
Buxton Lime  Tunstead/New Semi wet V V
PH/PC
Tunstead/Old ~ Wet v v
Castle Cement Ketton 7 Dry/PH V V N V
Ketton 8 Dry/PC V V N N
Castle Cement Padeswood 1~ Wet v v
Padeswood 2 ~ Wet V V
Padeswood 3  Dry V V
Padeswood 4  Dry/PH/PC V V V N N
Castle Cement Ribblesdale/5/6 Wet v v v
Ribblesdale/7  Dry/PH/PC V V N V \/
Rugby Cement Barrington Wet V V V \
Rugby Cement Rugby Semi wet V V N
Rugby Cement South Ferriby 2 Semi dry \/ \/ \/ V
South Ferriby 3 Semi dry \/ \/ \/ N

Note: The three kilns at Castle Cement site at Padeswood, Kilns 1, 2 and 3, are due to close and be
replacegl4by Kiln 4 taking the production capacity from 500,000 to 750,000 tonnes of clinker per
annum.

Note: CEM - Castle Cement substitute solvent fuel, MBM - meat and bone meal, SS - sewage
sludge, PRO - waste paper and plastics, SLF - substitute liquid fuel, AWDF - alternative waste
derived fuel.

Note: PH - pre-heater design, PC - pre-calciner design.

11.3.3 Moisture Content

The kiln technology is the principle deciding factor in energy efficiency but the choice of
technology is in part based upon the moisture content and geology of the aggregate used as the
raw feed stock®. This in turn is partially determined by the location of the plant and the

% Introductory note and operators permit: IPPC Regulations 2000, Environment Agency Wales EAIPPC
Permit BL 1096

6 Evaluating Clean Development Mechanisms Projects in the Cement Industry Using a Process- Step
Benchmarking Approach, Michael Ruth, Ernst Worrell and Lynn Price, Report LBNL-45346,
Environmental Energy, Technologies Division, Earnest Orlando Lawrence Berkeley National Laboratory,
July 2000
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proximity to market. Globally the dry process is most commonly used while the wet process is
used in situations where the available limestone has a moisture content >20%. The limestone
deposits of the UK and Ireland are known to have high moisture content “as determined by
location.

The energy required to drive off moisture is 2,450 MJ/t moisture®. This represents a significant
additional energy consumption when the moisture content of the aggregate is >20%. There is
some indication that modern kiln and pre-treatment technology is better able to deal with
relatively high moisture content. For example, many cement sites in the UK include both older
kilns that use the wet technology and newer kilns that use the dry process—which suggests that
geology may not be a limiting constraint in many cases. The UK’s new entrant reserve
allocation methodology * made allowance for moisture content. This will be discussed below.

11.3.4 Kiln Gas Bypass

In kilns using pre-heater designs, it sometimes may be necessary to divert some of the hot
exhaust gas away from the pre-heating of inlet air in order to reduce contamination of the raw
material by excess levels of chlorides, alkalis and sulphur. The degree of bypass required is
determined by raw material, fuel and the required specification of the cement. The energy
requirements of the process increases the more one is forced to redirect the exhaust gas in this
way.

Given the possibility of using different fuels and/or different raw materials for input and the
possibilities for different types of output the kiln bypass would appear to be a commercial
decision similar to many others in the cement industry.

11.3.5 Fuel Mix and Use of Biomass Fuel

The cement industry has the technical ability to make use of a wide range of support fuels
including tyres, fuel derived from municipal waste, waste liquid solvents and bio-mass. The
types of fuels in use in England and Wales cement kilns in 2000 are shown in Table 11.2.
Choice of fuel can affect the energy efficiency of the production process, but of more critical
importance for the emissions of CO; is the carbon intensity of the fuel mix.

One way that the cement sector (like many other sectors) may choose to reduce its net emissions
of CO, is through the use of biomass fuels, or bio-fuels. If government policy were to mandate
the use of bio-fuels by cement manufacturers then it could be appropriate to set the value of the
emissions factor used in any benchmark to a level that reflected the proportion of bio-fuel
required. If government does not set such a requirement then cement manufacturers will
compete with other potential users of bio-fuels and will choose to use these fuels at a level that
is optimal once fuel costs and emissions costs are taken into account.

11.3.6 Best Available Techniques

One of the key issues with a benchmark is that of at what level to set it. As with
other sectors, the benchmark can be set, for example, at the sector average or top

% EU Emissions Trading Scheme- Calculating the Free Allocation for New Entrants, DTI, November
2004
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quartile, or it can be set at a theoretical “best achievable” level. Under this last
option there may be no one site that actually achieves the top performance. Within
the EU ETS it is possible to use a benchmark that provides efficient sites with
more than they actually need.

A reference specific energy figure has been developed from international
benchmarking work by Phylipsen et al . This figure, representing the lowest value
observed in a fully operational plant world wide in 1995 - 1996, is 2850 MJ/ tonne clinker. It
should be noted that this is understood to be an instantaneous value and does not take into
account kiln stoppages. It is therefore not directly comparable with the value used in the UK
NER.

The theoretical energy use for the burning process (chemical reactions) is about
1700 to 1800 MJ / tonne clinker. As can be seen in Table 11.1 the actual fuel
energy use for different kiln systems is much higher than this. Kiln systems with 5
cyclone pre-heater stages and pre-calciner are considered standard technology for
ordinary new plants. Such a configuration will use in the region of 3000 MJ / tonne
clinker”. (This is included in Table 11.1 under the category of dry process, multi-stage
cyclone pre-heater and pre-calciner kilns).

There are various techniques that can be used to optimize the input of energy in
other kiln systems. It is possible to convert other types of kilns to a short dry
process kiln with multi stage pre-heating and pre-calcination. This is usually not
feasible unless done as part of a major upgrade with an increase in production.
Other processes can also be upgraded to improve energy efficiency, including the
application of the latest generation of clinker coolers the recovery of waste heat as
far as possible (to be used for drying and preheating).

The Ministry of International Trade and Industry in Japan® have subsidized a new cement
sintering technology based upon a fluidized bed type kiln since 1986. A pilot plant with the
capacity of 20 tonnes clinker/day has been operated for six years, between 1989 and 1995, by
Sumitomo Osaka Cement Co. Ltd at Toshigi Factory in Japan. A 200 tonnes clinker/day large
scale pilot plant was constructed in the end of 1995. According to a feasibility study of a 3000
tonne clinker/day plant the heat use can be reduced by 10-12% compared with a suspension
preheater rotary kiln with grate cooler, it is therefore expected that the CO2 emission can be
reduced by 10-12%. This is equivalent to a SEC value as low as 2700 MJ/ tonne.

11.3.7 Blended Cements

Another way that the cement industry can reduce its CO, emissions is by producing cement with
lower clinker content. In principle the amount of clinker can be reduced and replaced with fly
ash from coal-fired power plants, blast furnace slag and other materials with cement-like
properties. Some research suggests that the potential reduction in CO, emissions from changing
the blend is significantly greater than could be realised through energy efficiency improvements
alone®. Fly ash, or pozzolan, can readily be substituted for 15% to 35% of the clinker in
concrete mixes, according to the U.S. EPA and for some applications fly ash content can be up
to 70%.

A potential benchmark methodology that might be used, therefore, is one that is based on output
of cement, rather than clinker. Because there are different grades of cement that may be used
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for different applications, it may be appropriate to differentiate the benchmarks based on cement
types produced, or using certain assumptions about product mix.

The energy used in the downstream blending process is outside the scope of the EU ETS. The
UK cement industry has stated ® that they are not in a position to benefit directly from any
reduction in clinker content in blends as the companies do not own significant blending
operations. The extent to which the clinker and downstream cement blending markets are
related within different EU member states should be investigated.

11.4 Benchmarks for Cement

One important consideration in the development of benchmarking methods is the availability of
the data. This difficulty was considered in detail in the development of the first phase of the EU
ETS and most Member States opted for a grandfathering approach® as the methodology is
straightforward to apply and baseline data was available.

We have analysed three types of benchmark approaches for the cement industry.
1. Allocation based upon that used in the UK NER for Phase 1.

2. Allocation based upon an adjustment factor with benchmarked emissions. This is
similar to the methodology used in the Netherlands for Phase 1.

3. Allocation based upon the transition from a grandfathering approach to a single
emission benchmark.

Table 11.3  Scenario assumptions
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%7 Meeting between Entec and BCA on 16" February 2005.

% EU Emissions Trading: Challenges and Implications of National Implementation. RIIA Report,

November 2003
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11.4.1 UK New Entrant Reserve Allocation Methodology

One area in which the use of benchmarks has been developed is in the calculation of the free
allocation to new entrants. The UK NER method for allocation to the cement industry makes
use of a number of standardised factors in order to arrive at an allocation for new production
capacity.

The main difficulty in determining the allocation to a newly commissioned plant is that there is
no actual historical baseline upon which to do it. The clinker production capacity therefore has
to be based upon the plant design and known or estimated factors from sector performance. The
same principle can be employed in order to determine allocations to incumbent installations in
Phase 2 of the EU ETS.

The clinker production capacity can be defined by the following formula.
P=CxFcxTDppxU

Where

P = clinker production tonnes per year

C = the stated design capacity of the kiln in tonnes of clinker per day.

Fc = capacity factor. The value of 109% has been used. This has been reported as the median of
performance in Europe®. (The cement routinely operates the kilns at above design capacity).

TDpp = number of days of planned production in a year, 330 days per year®.
U = utilisation of production days, 95%, allows for breakdowns and unplanned stoppages®.
As all factors are constant except C the expression becomes:

P=Cx341.7

Information on the design capacity of the kilns for the UK cement industry was gathered from
the company web sites and used to calculate an allocation per year by using the benchmark
figures for combustion and process emissions from the NER methodology.

The allocation amount, A, for a year in t CO, s given by the expression:
A =P x (Efc + Efp)
Combustion emissions factor Efc = 0.291 tCO/ t clinker®®.

This based upon an SEC of 3169 MJ/ t clinker® and the fuel mix for the UK cement industry.
This fuel mix assumes only 0.1% of bio-mass from packaging waste. The fuel mix value taken
from the NER report is 0.0918 tCO,/GJ®. The NER SEC figure is based on a top quartile of
modern kiln (less than 10 years old) using dry materials.

Process emissions factor Efp = 0.532 tCO, / t clinker, the UK average for 2002%.

Annual allocation values were calculated for the majority of UK cement sites and then
compared to the known annual allocation under the UK NAP. These results are shown in Table
11.4.
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Table 11.4 Comparison of Allocations based upon the UK NER Methodology with UK NAP
Relevant Emissions

Site Reference Ratio of NER/ UK NAP Relevant Emissions, %

1 96%
2 102%
3 85%
4 88%
5 85%
6 121%
7 105%
8 103%
9 97%
10 106%
11 NA
12 74%
13 106%

Mean 97%

It is important to note the following points. The UK NER methodology uses a correction factor
for situations where the moisture content in the raw material is above 8.5% by weight. This
factor has not been used here as the moisture data specific to each kiln and site was not
available. The NER method also allows for an adjustment for the degree of bypassed kiln exit
gas. This can be up to a maximum of 20% of kiln gas, representing a % heat loss of 5.6%. This
has not been included as this would appear to be a commercial decision.

The NER methodology makes a further adjustment for CO, arising from the oxidation of non-
carbonate carbon in the raw material (assuming 85% oxidation factor). Site specific information
is required from applicants for the percentage of non-carbonate carbon in the raw material (on a
dry basis). As this information is not available on a site by site basis, this study has not
calculated any associated additional emissions.

It would appear that it is feasible to use elements of the existing NER benchmark methodology
as a way of making allocations to incumbents in Phase 2 of the EU ETS. Using a combination
of single combustion benchmark, based upon a specific energy consumption value derived from
the UK average, and a single process emission benchmark produces allocations that are broadly
consistent with those made in Phase 1.

11.4.2 The Adjustment Factor Allocation Methodology

The methodology employed in the Netherlands national allocation plan for Phase 1 of the EU
ETS incorporates both anticipated growth rates and site specific energy efficiency targets. As
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noted previously, sector growth rates are beyond the scope of the current study. The energy
efficiency benchmark is based on either a global best practice figure or on the individual sites’
long term energy saving agreements with the Dutch government.

The same basic methodology used in the Netherlands can be used as an allocation method for
Phase 2 for the cement sector. The key step is to determine an adjustment factor that is based
upon an emissions benchmark. There are a number of energy and emission benchmarks in the
published literature for the global cement industry. These have been discussed in the previous
sections.

The allocation by the adjustment factor method is determined by the following expression:

A=TYA,

A, =Ebp x Ebyk gaty/Ebsccior
Where:
A = the allocation for the five years of Phase 2 in t CO,
y =years 1 to 5, (2008 - 2012 in the EU ETS Phase 2)
A, = the allocation for a year y in t CO,

Ebp = the average emissions in tonnes of CO, in the selected baseline period, in this case 2002
and 2003

Ebuyk aty = the production emission benchmark for the best performance that could be realised
from UK cement sector in year y. (This could be substituted by a global or regional based
benchmark).

Ebg..ior = the actual emission for the sector in the baseline years.

The ratio of the emissions for best performing kiln site to the sector average is estimated to be
approximately 0.75 at present in the UK. For illustrative purposes and in order to facilitate a
comparison of the Adjustment Factor allocation methodology with the relevant emissions in the
UK NAP, Table 11.5 uses a value of 0.95 for the ratio of Ebyk par y/Ebsecior - The expression
was used to calculate allocation values for a single year for the majority of the cement sites in
the UK. These are shown in Table 11.5.

Table 11.5 Comparisons of Adjustment Factor Allocations with UK NAP Relevant Emissions

Site Reference Ratio of Adjustment Factor Allocations/ UK NAP
Relevant Emissions, %

1 94%
2 90%
3 94%
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Site Reference Ratio of Adjustment Factor Allocations/ UK NAP
Relevant Emissions, %

4 94%
5 99%
6 93%
7 92%
8 102%
9 95%
10 97%
11 NA
12 92%
13 94%
Mean 95%

The allocation under the Adjustment factor method is consistently lower than the values for the
relevant emissions in the UK NAP.

11.4.3 Global SEC Benchmark Allocation Methodology

The use of a benchmark based upon a global best practice would allow a direct comparison with
the world’s best technologies and provide a basis for making decisions on international
competitiveness. A reference specific energy consumption figure has been developed
from international benchmarking work by Phylipsen e al ©. This figure, representing the
lowest value observed in a fully operational plant world wide in 1995 - 1996, is 2850 MJ/ tonne
clinker. (It should be noted that this is understood to be an instantaneous value and does not take
into account kiln stoppages. As such, it is therefore not directly comparable with the value used
in the UK NER).

The conversion from energy to tCO, has been carried out using the fuel mix figure of 0.0918 t
CO, / GJ listed in the NER calculation methodology .

The potential difficulty that this significant change in the SEC values could cause in the
amounts allocated can be accommodated by using a methodology that can allow a transition
from grandfathering to benchmarking across the years of Phase 2. The allocation in the first
year would be based upon historical data, whereas the allocation in the final year would be
determined by the global benchmark and production capacity.

The allocation in 2008, the sites actual performance, is determined by the following expression:
A = Ebp
A = the allocation for a year in t CO,

Eyp = the emissions in tonnes of CO; in the baseline period. The years 2002 and 2003 have been
used in this assessment.
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This is the starting point for the convergence.
The allocation once the benchmark is fully phased in would reflect global best practice given by
A =P x (Efp + (Ff x SEC/1000))

Efp = the process emissions factor. The UK average for 2002 ° as reported in the NER report of
0.532 tCO, / t clinker has been used in this calculation.

Ff =0.0918 tCO,/GJ, the fuel mix factor taken from the NER report.
SEC = 2850 MJ/ t clinker, the global best practice energy efficiency benchmark.
P = clinker production per year, defined by the following formula.

P=CxFcxTDppxU
C = the stated design capacity of the kiln in tonnes of clinker per day.
Fc = capacity factor, (109%).
TDpp = number of days of planned production in a year, 330 days per year .
U = utilisation of production days, 95%, allows for breakdowns and unplanned stoppages °°.
As all factors are constant except C the expression becomes:

P=Cx341.7

Information on the design capacity of the kilns for the UK cement industry was gathered from
the company web sites.

The allocation for the years 2009 - 2011 is an interpolation between the 2008 and 2012 values.
The allocations as calculated by the global benchmark methodology are shown in Table 11.6.

Table 11.6 Comparison of Global SEC Benchmark Allocations with the UK NAP Relevant
Emissions

Ratio of Global SEC Benchmark Allocations/ UK NAP Relevant Emissions,
%

Site 2008 2009 2010 2011 2012
Reference
1 0.99 0.98 0.96 0.94 0.93
2 0.94 0.95 0.96 0.97 0.98
3 0.99 0.95 0.91 0.86 0.82
4 0.99 0.95 0.92 0.88 0.84
5 1.04 0.99 0.93 0.87 0.82
6 0.97 1.02 1.07 1.12 1.17
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Ratio of Global SEC Benchmark Allocations/ UK NAP Relevant Emissions,

%

Site 2008 2009 2010 2011 2012
Reference

7 0.97 0.98 0.99 1.00 1.02
8 1.07 1.05 1.03 1.02 1.00
9 1.00 0.98 0.97 0.95 0.94
10 1.02 1.02 1.02 1.02 1.03
11 NA NA NA NA NA
12 0.97 0.91 0.84 0.78 0.72
13 0.99 1.00 1.01 1.02 1.03

The trend in the allocations per site per year is shown in Figure 11.1. In the case of certain sites
the allocation actually increases slightly. The reason for this is that the starting point for the
allocation is based upon historical emissions where a calculated UK average process emission
factor appears to be 0.48 t CO, / t clinker but the end point is based upon the NER value of
0.532 t CO, / t clinker. The value of 0.48 t CO, / t clinker is derived from reported values for
process emissions and the estimates of production capacity using the 109% factor included in
the NER. Further investigation would be required to understand why the value comes out to be
lower than the NER process emission value. The EU ETS monitoring and reporting guidelines
% specify a process emission factor of 0.525 t CO/t clinker to be used as a default value for the
reporting under Phase 1.

The UK ETS” also made use of a process emission factor that could be used to report
performance in the scheme. This factor is determined on site specific basis using information
on the calcium oxide fraction in the clinker.

5" Commission Decision of 29™ J anuary 2004 establishing guidelines for the monitoring and reporting of
greenhouse gas emissions pursuant to Directive 2003/87/EC of the European Parliament and of the
Council. Official Journal of the European Union (OJ) L 59, 26.2.2004

™ Guidelines for the Measurement and Reporting of Emissions in the UK Emissions Trading Scheme,
DEFRA, August 2001
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Figure 11.1 Trend in Allocations based upon a Global SEC Benchmark Method
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The effect of the convergence on the global specific energy consumption figure for each year of
phase 2 for each site can be seen in Figure 11.2. This shows a wide range of starting points
converging on a single global benchmark. The spread of starting points is due to the different
types of technology that are in use. In theory it may be possible to derive a separate benchmark
for different kiln types. There are two issues to consider with this. Firstly: the data available in
the UK NAP reporting forms does not specify fuel use and process by kiln. For sites with
multiple kilns of mixed types it is not possible to apply different benchmarks using existing
data. Secondly the point of using a global ‘best” benchmark is to provide incentives to change
technologies. The development of a benchmark for an inefficient kiln technology, such as a wet
kiln, would be counter to this objective.

Figure 11.2 Convergence of Specific Energy Consumption Targets
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11.4.4 Summary table on development of benchmarks

No Description Activity measure to apply to Level of sectoral Emissions benchmark Comments
benchmark emissions data disaggregation for
benchmark emissions
data
1 NER Allocation = Stated production capacity No disaggregation Benchmark = combustion
* (combustion emission factor + process emission factor based on
emission factor) specific energy consumption
and defined fuel mix and
process emission factor based
upon UK average.
2 Adjustment factor Allocation = historical emission No disaggregation Benchmark = emission The development of an emission benchmark would
allocation *emission benchmark /sector (or site) benchmark e.g. based on best be possible and could take into account the UK
specific emission factor practice in UK CCA target, or a global benchmark if considered
appropriate.
3 NER with Global SEC Allocation ( 2008)= Historical emission No disaggregation Benchmark = international The use of an international best practice
Benchmark specific energy consumption benchmark from the metric of SEC could provide a
Allocation (2012) = Stated production trajectory consistent with the UK's long term goals.
capacity * (international specific energy Consideration would need to be given to
consumption factor * UK fuel mix + appropriate fuel mix assumptions as the SEC has
process emission factor) to be converted to an emission by a fuel mix factor.
4 Adjustment factor Historical emission * site specific Categorisation by kiln type  Not assessed Detailed site specific data is required in order to
allocation - Site specific benchmarks for future energy analyse the sector further. Use of separate
energy benchmarks consumption benchmarks could subsidise inefficient
technologies.
5 NER with benchmarked Allocation = Annual production capacity = No disaggregation Benchmark = Fuel mix Aimed at incentivising optimal fuel mixes, with the

fuel mix

* (combustion energy efficiency factor *
UK fuel mix + process emission factor)

benchmark being the fuel mix. However, would
require strategic policy decision concerning future
fuel mix, which may impose market constraints.

Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a
selected number of sites within the industry.
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11.5

11.5.1

11.5.2

11.5.3

Evaluation of Cement Benchmarks

Feasibility and Verifiability

All three benchmarks are technically feasible. Data are more easily available for
the FES method and the Global Energy Benchmark. The Adjustment Factor
approach would require that energy efficiency targets could be used in some form.
There are a number of potential existing targets that could be adapted for this use
including, for example, internal company targets or targets contained in the cement
industry CCA.

The uncertainty about the use of both waste products such as tyres and bio-fuels
suggest that further work is needed before the benchmark values can be finally
determined.

Simplicity, Transparency, and Standardisation

The NER and Global Energy Benchmark methods described here are standardised
to a very high degree. There has been no adjustment for any site-specific
technologies or circumstances. The calculation of the allocation for each uses the
same data sources and calculation steps are minimised. These methods have a high
degree of transparency.

Negotiation of energy efficiency targets is typically not a transparent process, even
at the sector level. It would probably be even less transparent at the site level.71
This would work against the Adjustment Factor approach unless standardised
targets were used instead of negotiated ones. The Global Energy Benchmark
method by definition derive their target from international comparison rather than
negotiation.

Consistent with Site Need for Allowances

All benchmarks are amenable to the incorporation of a sector-based growth
prediction. This could help ensure that adjustments in the structure of the overall
economy can be realised. However, the application of sector growth rates to
individual installations will only be an accurate reflection of need at those
installations if sector growth is entirely due to expansion of output at incumbent
installations. In the cement sector it is common for installations to produce at full
capacity, and there is therefore reason to think that output expansion may occur

! The use of pre-existing site-specific targets also lacks transparency, but it may be fair to use
them if they represent agreements prior to emissions trading and reflect what is actually possible
at a particular site—under emissions trading what is actually feasible at any particular site need
not limit the targets that are set, since a site can always use the emissions market.
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primarily through new entry (this will depend on the extent to which new entry
rules encompass addition of capacity at incumbent sites).

* The Adjustment Factor method can be modified to take account individual sites’
energy efficiency potential, although one of the goals of emissions trading is to
eliminate the need for the detailed site-specific knowledge that would be required
to negotiate site-specific targets.

e The Adjustment Factor approach would only reflect site need accurately if
combustion and process emissions were treated separately. Process emissions
cannot be reduced by improving energy efficiency and the application of an energy
efficiency target to these will not meet site need for allowances to cover process
emissions.

* Benchmarks that incorporate historical information may be able to reflect better
any site-specific idiosyncrasies in capacity utilisation or emissions factors. The
same site-specific information can also be incorporated by using site-specific load
factors. (This relates to the Adjustment Factor and Global Benchmark approaches.
The FES method could also be modified to reflect historical site-specific load
factors.). However, the cement sector has unusually low variability in load factors,
making the need for site-specific information less pressing than in many other
sectors. If there is uncertainty about the extent to which historical data are an
accurate reflection of future installation need their use may not improve the
correlation between emissions and allocations substantially.

* The Global Benchmark approach will tend to reduce the allocation to most sites
below their need because of its use of a relatively stringent benchmark value. The
other approaches would have similar impacts if they used lower emission factors or
efficiency targets, respectively.

* Nameplate capacity may not be a good reflection of actual capacity in the cement
sector and this could result in allocations lower than site need. However, if similar
conditions apply to all sites this may not be a serious concern, especially if
benchmarks are used to distribute allowances within an exogenously determined
emissions cap.

e If sites add capacity the FES approach can be used to estimate additional
allowances. The other approaches would require some further specification, and it
may be difficult to ensure that allocations to new entrants and incumbents meet site
need to the same extent.

o [If the cement sector is expected by government to accept certain waste streams as
part of meeting government’s waste policies, this may affect the average emissions
factors or heat content of fuels used by the industry, and it may be appropriate to
incorporate this into the benchmarking approach. This could be done most easily
via the FES approach (or the Global Benchmarking approach, which differs only
by the addition of an efficiency parameter).
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11.5.4 Provides Incentives for Best Practice and “Clean Technology”

The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives
unaffected so they do not differ from those provided under simple grandfathering
or auctioning.

If new entrants receive allocations based on the same methodology used for
incumbents, this may make it more difficult to use benchmarks that are not output-
based or that are differentiated. Input-based and differentiated benchmarks would
be likely to reduce the incentives for clean technology among new entrants. For
example, new entry allocations are differentiated by kiln type the construction of
wet kilns may not be less economical than dry kilns (as higher allocations would
attach to the former), even though their emissions intensity is higher.

If the modified FES approach is based on fixed historical output values incentives
for incumbents will not differ from those under grandfathering or auctioning,
although they may have greater incentives to add capacity to qualify as new
entrants. If the output data are updated over time, incentives for abatement through
adjustments to production or switching to less carbon-intensive products will be
reduced. The incentives can only favour “cleaner” technology to a greater extent
than auctioning if the overall EU allowance price is assumed not to remain
constant.

Shutdown forfeiture and other forms of updating may also deter sites from closing,
and these are likely, all else being equal, to be dirtier sites. However, although the
“replacements” for installations that shut down may be cleaner new entrants in the
UK, they may also be (possibly dirtier) installations in other Member States, or
even (dirtier) installations outside the EU. This scenario is less likely in the cement
sector than in other sectors, as cement cannot be generally be economically
exported or imported.

Incentives under the Adjustment Factor approach may differ because of the
possibility of differentiating efficiency targets by technology types (e.g. different
types of kilns). Assuming there is no such differentiation, the incentives should not
differ from those under auction except under the above circumstances.

Assuming updating, using lower benchmarks may increase the likelihood that the
dirtiest sites will close (relative to another updated case with a higher benchmark).
Without shutdown forfeiture of allowances, incentives for closure are unaffected
by the allocation method.

None of the benchmarks considered are able to provide incentives for new entrants
to use lower carbon-intensity cements that contain a lower proportion of clinker
than does standard Portland cement. To do so would require a benchmark based on
cement production and not on clinker production.72 If output factors were updated

> The current organisation of the UK cement and aggregates industries may make it more difficult to
effect the above product shift, but this organisation is unlikely to be permanent. Indeed, allocating based
on final cement product could encourage manufacturers to mix concrete themselves.
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over time, incumbents would also have weaker incentives for a shift to lower
carbon-intensity cement, as it would result in lower future allocation. An
allocation approach that was free from all forms of updating (including new entrant
allocations and shutdown forfeiture) would also be able to provide these incentives.

11.5.5 Minimises “Gaming” and Perverse Incentives

As noted above, it may be desirable to allocate to new entrants via the same
method used for incumbents. However, there are potentially perverse incentives if
new entrant allocations are differentiated by technology, and also if incumbents can
“reclassify” themselves as new entrants.

As with other sectors, all forms of updating distort incentives for the most cost-
effective emissions abatement decisions. However, because of the possibility of
leakage outside the EU or to other member states, there may actually be little
environmental benefit achieved by not updating. As noted, this is less applicable to
cement than to other sectors.

In a case where targets and/or utilisations are updated between periods, incentives
will be distorted less if the factors used are not site-specific and are differentiated
as little as possible. An installation is less able to influence its future allocation
through current decisions if future allocations are based on sector averages rather
than site-specific activity. It may therefore be preferable not to renegotiate targets
under the Adjustment Factor approach, or to use standardised measures rather than
negotiated targets.

It is possible that perverse incentives could be created if an output-based approach
for cement (not clinker) were used that did not appropriately distinguish between
the different uses for different types of cement. Less vertically integrated firms
also could be penalized for no other reason than their organization.

Using different approaches to allocate to new entrants and incumbents will also
distort incentives. This is unavoidable with the Adjustment Factor method, which
relies on site-specific historic data that will not exist for new entrants.

For the NER method, incentives may depend on whether benchmarks are
differentiated by technology and output type. In the presence of updating,
differentiation of allocations by technology/inputs/fuels will blunt and may remove
completely incentives provided by the trading scheme to switch from high-emitting
to low-emitting technologies/inputs/fuels. From the point of view of efficiency,
differentiation is therefore best kept at a minimum.

11.5.6 Certainty

Assuming all methods are combined with some form of updating, and that the
overall level of allocations is determined subsequently by government, an approach
that is based on a simple emissions per unit output factor (modified NER method,
Global Benchmark method) may provide the greatest certainty, but it is difficult to
compare the approaches.
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Using updated historical emissions information combined with updated growth rate
projections and updated emissions factors under the Adjustment Factor approach
could introduce a greater level of uncertainty, since there are a wide range of
parameters, some of which may be subject to negotiation. Although sites (or
sectors) may feel that they have more control over their own targets, their
allocations may be affected by targets negotiated with other sites (or sectors), over
which they may have little influence.

11.5.7 Consistency with Other Member States

Formally the Adjustment Factor approach has the potential to be consistent with
other Member States and is already being used in the Netherlands. However, there
is little guarantee that the resulting allocations will be similar on a per-unit-output
or per-unit-capacity basis, and they may also differ as a result of differences in
expected growth rates and if energy efficiency targets are negotiated along
different criteria. The negotiated element could be removed if standardised
benchmark targets were used. It would of course be possible to harmonise most of
the parameters, apart from historical emissions. If projected emissions were used,
then all parameters could be made consistent.

The output-based approach used in the modified FES Benchmark and the Global
Benchmark could be extended easily to other Member States. However, there
could be concerns about the consistency of any projections of output or
intermediate input use.

11.5.8 Consistency with Energy White Paper

The benchmark used for the cement sector is not expected to affect consistency
with the Energy White Paper.

11.5.9 Summary and Tentative Recommendations

Table 11.7 Summary Evaluation of Cement Benchmarks
Benchmark Approaches
Criterion NER Approach  Adjustment NER with
Factor Global Energy
Approach BM
Technical Feasibility and Verifiability Good Fair Good
Standardisation / Simplicity Good Poor Good
Transparency Good Poor Good
Meets Need Fair Fair/Poor Poor
Incentives for Clean Technology Fair Fair/Poor Fair
Perverse Incentives / Gaming Fair Fair/Poor Fair
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Benchmark Approaches

Criterion NER Approach  Adjustment NER with
Factor Global Energy
Approach BM

Certainty Good Poor Fair

Other Member States Good Fair Fair

Energy White Paper NA NA NA

Note: evaluations and comparisons of benchmarking methods, in particular of their incentive
properties, may vary substantially depending on what (if any) aspects of updating are present in
the overall allocation methodology. The summary evaluation in this table should therefore be
interpreted with caution and not relied upon without reference to the text.

The low variance of load factors and homogenous output of the cement industry makes it well
suited to benchmarking based on output. While benchmarking values are available for the NER
and Global Benchmark methods, the Adjustment Factor method would require further
development to identify a suitable emissions or energy intensity index (unless the cement CCA
were used).

An output-based approach requires some projection of output needs to be established. As the
analysis of historic incumbent load factors shows, the cement industry is characterised by
unusually uniform load factors across sites and also low variability over time. It is therefore
unlikely that site-specific load factors would match allocations to emissions to a much greater
extent than a pure capacity-based benchmark. There is some disagreement about the most
appropriate measure of capacity. In the absence of a transparent and standardised alternative
measure, a name-plate capacity measure was used to assess the impact of benchmarks.

It needs to be determined to what extent differentiation by input feedstock (moisture content),
technology (dry or wet kiln), and product mix (clinker content) is desirable. Less differentiation
helps avoid the proliferation of benchmarks and associated complexity. If new entrants receive
allocations, a high level of aggregation also leads to less distortion of incentives to adopt low-
emissions methods of production than does a high degree of differentiation. As in all cases, this
has to be assessed against the risk that the use of large aggregate categories fails to tailor
allocations appropriately to site need.

Calculations suggest that, using current data, the allocations produced by the modified NER
approach and the (CCA-based”’) Adjustment Factor approach would produce allocations similar
to those used under Phase I. The Global Benchmark is more stringent and likely to produce
lower allocations. However, this is not an unavoidable feature of this benchmarking approach,
as the stringency could be modified to take account of the present characteristics of UK
industry. In addition, the final allocation available to any installation is dependent not only the
benchmark method used, but on the overall emissions reduction required by the cement sector
and the trading sector as a whole. Both of these issues are beyond the scope of this report.

73 Purely for illustrative purposes.
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As with all allowance allocation, the use of updating (including revision of utilisations and
factors, forfeiture of allowances upon shutdown, and allocation to new entrants) has the
potential to distort the incentives for cost-effective abatement provided by the trading scheme.
It may also affect the assessment of the benchmark methods. A particular consideration in the
cement industry is that allocation to new entrants using a benchmark based on clinker (rather
than cement) output would fail to preserve the incentives provided by the trading scheme to
switch to cement production with lower clinker content.
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12. Lime

12.1 Sector Description

The basic process of the lime industry is carried out in kilns of a number of different designs.
The process is very energy intensive with fuel for combustion accounting for 40 % to 50% of
the variable production costs’*.

The main green house gas emitted by the sector is carbon dioxide derived from the combustion
of the fuel used to heat the kilns (combustion CO,) and from the chemical reactions that liberate
CO, from the carbonate aggregates (process CO,). The processes covered by the EU ETS” are
the production of lime in kilns with a capacity exceeding 50 tonnes per day’®.

12.1.1 UK Lime Industry

There are nine lime production facilities listed in the UK NAP allocation for Phase 1. The
facilities are owned by seven companies. The majority of the output of the firms listed in the
UK NAP is used in the steel, building, construction and environmental protection (water and
sewage treatment, neutralisation of acidic liquid and gaseous effluents) industries. Lime is also
produced and used within the sugar industry as a bleaching agent, although lime producing
sugar sites are not currently included in the UK NAP as they have applied to opt out.

12.2 Lime sector contacts and data sources

12.2.1 Lime sector contacts

The British Lime Association (BLA) was contacted in order to request individual site data and
views on alternative benchmarks. The BLA indicated that site consultation and data provision
was not possible in the required time-frame, furthermore that a subsector wide conference on
the subject was due to be held in the summer.

The Lime Sector met to discuss benchmarking on 25" April 2005 and the BLA issued a note on
benchmarking on the 28™ April 2005.

12.2.2 Data availability
The following sources have been consulted:

™ Reference Document on Best Available Techniques in the Cement and Lime Manufacturing Industries,
European Commission , December 2001

> European Union Emission Trading Directive 2003/87/EC
7® Greenhouse Gas Trading Scheme Regulations 2003 ( SI 2003 No. 3311)
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* FES report on benchmarking.

* European BREF on cement and lime

* UK IPPC Guidance for the cement and lime sector

* European Lime Association matrix on CO2 emission factors.
e Other documents as referenced in this section

The above sources among others, have been used to identify individual site data required for the
analysis.

12.3 Benchmarking Issues for Lime

In comparison to cement processes, for the lime sector there is greater variability in energy
requirement based on the type of lime produced. The most fundamental distinction in products
is between two types of raw material: limestone and dolomitic limestone. Dolomitic limestone
is a mixture of calcium carbonate and up to 44% magnesium carbonate. Dolomitic limestone
and limestone based products are distinct both in terms of qualities and end use.

Furthermore, whilst plant utilisation within clinker production is fairly reliably predicted, lime
producers are often subject to a wider variation in demand from the range of industries they
supply. As a consequence, producers have reported significant variability in total utilisation
within one site and between sites with similar capacities, due to the need to be able to respond to
surges or lulls in demand in recipient sectors

Emissions of CO, per tonne of lime from the lime industry in the UK declined by approximately
20% in the 15 years leading up to 1994, mainly by replacement of old kilns with more thermally
efficient designs, and by increases in productivity (European BREF note). There may be some
limited flexibility for fuel switching to waste derived / carbon neutral fuels, certain uses of lime
require minimal contamination from fuels, and therefore, it is often necessary to use clean fuels
such as natural gas. This is the case where lime is used, for example, within the food industry
and water treatment. Where lime products do not have too strict purity demands it may be
possible to use waste fuels, although such opportunities are regarded by the industry as very
limited. Further work beyond the scope of this study would be required to investigate the
potential for further usage of lower carbon fuels in lime kilns that currently use a high
proportion of pet coke.

For the purposes of this study no growth on reference period emissions were taken into account.
However, reported overall sector growth over the period 2002 to 2005 was around 17.6%’’ and
growth for the sector as a whole is forecast to reach 31% in 2012 versus 2002. The steel
industry is the dominant recipient of lime products in the UK and is forecast to growth by

"7 Research on Growth Rates in the Industrial Sectors of the EU-ETS, Oxford Economic Forecasting,
August 2004

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets April 2005
benchmark research report final report_270705 formatted.doc
15187

Entec NERA

Economic Consulting



249

around 45% in the period 2005-2007 from the depressed levels witnessed in 2002, The extent
to which growth is attributable to incumbent plants is an issue beyond the scope of this study.

12.3.1 Kiln Type

The UK’s IPPC Guidance for the Cement and Lime Sector provides a description of kiln types
and capacities of kilns at the time of printing (2001). In summarised form, UK lime production
capacity consists of:

* 8 Parallel flow regenerative (PFR) kilns for commercial lime production
* 4 PFR Kkilns for steel production

» 8 rotary kilns for commercial lime production

* 1 multi chamber vertical shaft kilns for speciality minerals

e 12 shaft lime kilns for sugar production (not covered by UK NAP_

* 12 shaft lime kilns for soda ash production (not covered by UK NAP).

Sugar refining most likely uses mixed feed shaft kilns, which are suited to processes that use
both quicklime and CO, (UK IPPC Guidance). No further information is available on the exact
model of site specific kilns.

Table 12.1 Commercial lime production

Company Plant Site Kiln Type Number Capacity Substitute
(te/day) fuel
Lhoist Hindlow Maerz 2 300
Buxton Hindlow Maerz Parallel-flow 2 2 x 300
Lime regenerative
Tunstead Rotary 2 2x 240
Shaft 8 (only 5 (5 x 200)
operational)
Hansons Cheddar Rotary 1 552
Aggregates
Steetley Thrislington  Rotary 2 (operational) 1 x 300, 1 x 600 SLF
Dolomite
Whitwell Rotary 2 2x 375 SLF
Singleton Melton Maerz twin shaft 4 4 x 300
Birch Ross vertical

8 Oxford Economic Forecasting, Research on Growth Rates in the Industrial Sectors of the EU ETS,
2004
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Table 12.2 In-house Lime Production
Company Plant Site Kiln Type Number ?:e'?::;}y Sul;z:'ltute
Steel Production
Corus UK Shapfell Maerz (3 x twin shaft, 1 x 4 4 x 300
three shaft)

Speciality Products

Speciality Lifford Multi chamber vertical shaft | 1 100

Minerals

Sugar Refining

British Sugar Allscott Shaft 1 96
Bardney Shaft 1 264
Bury St Shaft 2 2 x 168
Edmunds
Cantley Shaft 1 120
Ipswich Shaft 1 144
Kidderminster | Shaft 1 168
Newark Shaft 1 768
Wissington Shaft 2 364, 144
York Shaft 2 144, not

available

Soda Ash Production

Brunner Mond Winnington Shaft 8 8x 160
Lostock Shaft 4 4x 228

The European BREF note provides information on the typical energy efficiency of different
types of kiln currently in use. Table 12.2 provides information for heat use per tonne of lime,

excluding electricity.

Table 12.3 Typical heat use for types of kilns in use in Europe (Note 1)

Product / kiln type

Heat use (MJ/tonne lime)

Calcium quicklime, light- and hard-burned dolomite

Parallel-flow regenerative shaft kiln

Double-inclined shaft kiln

Travelling grate kiln

Multi-chamber shaft kiln

Annular shaft kiln
Mixed feed shaft kiln

Other shaft kilns

3600-4200
4300

3700-4800
4000-4500
4000-4600
4000-4700
4000-5000

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets

benchmark research report final report_270705 formatted.doc

Entec

15187

April 2005

NERA

Economic Consulting




251

Product / kiln type Heat use (MJ/tonne lime)
Cyclone preheater rotary kilns 4600-5400
Gas suspension calcination 4600-5400
Fluidised bed kiln 4600-5400
Shaft preheater rotary kilns 4800-6100
Grate preheater rotary kilns 5000-6100
Long rotary kiln 6500-7500

Dead-burned dolomite

Long preheater rotary kiln 7200-10500

Note

1. It should be noted that heat use per tonne of product is sensitive to limestone feed quality and
product quality.

The energy efficiency figures cover quite a wide range of technologies where broadly, rotary
kilns are significantly more energy and carbon intensive than the shaft kilns. This is reflected in
the EU Lime Association’s table of emissions factors which roughly corresponds with the
BREF note’s ranking of technologies and carbon/energy intensity. Data was not available on
the exact type of site specific kilns in the UK.

Table 12.4 CO; emissions factors for different kiln types

Kiln type (1) Tonne of process Tonne of process Tonne of Total Activity CO»
CO; per tonne of COzper tonne of combustion CO.  emission factor
lime (CaO) (2) dolomitic per tonne of Lime

limestone — dolomitic
(Ca0.MgO) (2) limestone(3)

Parallel flow 0.785 0.913 0.202 to 0.425 Lime 0.987 to 1.210

regenerative shaft kiln Dolomitic lime 1.115 to
1.338

Annular shaft kiln 0.785 0.913 0.224 to 0.465 Lime 1.009 to 1.250
Dolomitic lime 1.137 to
1.378

Other shaft kiln 0.785 0.913 0.224 to 0.506 Lime 1.009 to 1.291
Dolomitic lime 1.137 to
1.419

Mixed feed shaft kiln ~ 0.785 0.913 0.224 t0 0.708 Lime 1.009 to 1.493
Dolomitic lime 1.137 to
1.621

Rotary with grate 0.785 0.913 0.269t0 0.617 Lime 1.054 to 1.402

enshaft preheater kiln Dolomitic lime 1.182 to
1.530

Long rotary kiln 0.785 0.913 0.365 to 1.062 Lime 1.150 to 1.847
Dolomitic lime 1.278 to
1.975
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(1) the type of kiln is dependent on required quality and on limestone quality and granulometry
input

(2) Process CO; emission factor defined by UNFCCC IPCCC guidelines
(2) Process CO; emission factor defined by UNFCCC IPCCC guidelines
(3) Combustion CO. Lime BREF March 2000 page 80 Table 2.8

12.3.2 Fuel Mix

The fuel used in the production of lime interacts with the process, affecting the purity and
reactivity of lime produced”. Where is it possible to use low carbon substitute fuels, the
comparative cost of substitute fuel per tonne of lime is likely to be a powerful contributing
factor to fuel choice, in addition to the technical potential for carbon savings. Fuel costs
typically represent 40% to 50% of the production cost®.

In cases where use of low carbon substitute fuels in lime production is technologically possible,
the comments made in the section on use of bio-mass fuel in the cement industry also broadly
apply. However, the rigidities around lime product quality introduce a further level of
uncertainty in the amount of future use of bio-mass and waste products.

12.3.3 Best Available Techniques

International European benchmarks for energy and carbon intensity (tonnes of CO,
per tonne of product) are described in the section entitled ‘Kiln Type’ above. Unlike
cement, it was not possible to locate a global benchmark. Of the energy intensities
provided in the BREF note, the lowest possible level of heat input for production of
calcium quicklime, or light- and hard-burned dolomite is 3600 MdJ/tonne; whilst for
dead burned dolomite, the lowest possible heat input is 6500 Md/tonne.

With respect to a benchmark based purely on carbon intensity, the EU Lime
Association’s matrix of CO, emission factors gives the lowest possible existing CO,
output per tonne of product as 0.99tCO,/tonne of lime produced and 1.12 tCO,/tonne of
dolomitic.

There are various techniques that can be used to optimize the input of energy in
kiln systems. Best available techniques to reduce carbon and energy intensity
within the manufacturing of lime includes the following primary measures:

* Process control optimisation

* Heat recovery from exhaust gases.

7 Reference Document on Best Available Techniques in the Cement and Lime Manufacturing Industries,
European Commission, December 2001

%0 Reference Document on Best Available Techniques in the Cement and Lime Manufacturing Industries,
European Commission, December 2001

h:\projects\em-260\15000 projects\15187 eu ets dti\a - report\final report\final report after stakeholder meeting\eu ets April 2005
benchmark research report final report_270705 formatted.doc
15187

Entec NERA

Economic Consulting



253

The BREF note also notes that modifications such as adding preheaters to older kilns, to major
changes in kiln configuration may be made to reduce fuel energy use.

12.4 Benchmarks for Lime
Five types of benchmark have been assessed for the lime industry.
1. Allocation based upon the UK NER methodology for Phase 1

2. Allocation based upon the UK NER methodology for Phase 1, with site specific
operating days.

3. Allocation based upon a benchmark total (process + combustion) emissions adjustment
factor.

4. Allocation based upon a benchmark combustion emissions adjustment factor.

5. Allocation based upon a benchmark combustion emissions adjustment factor,
disaggregated by technology.

In the case of the third to fifth methods, historic emissions are scaled based on the ratio between
benchmarked energy or carbon intensity to actual performance in a reference period.
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12.4.1 UK New Entrant Reserve Allocation Methodology

Perhaps the most important variable within the new entrant reserve approach is the assumption
of a standard utilisation rate of 95% of 330 planned operating days. In reality some plants may
be inactive for longer periods dependent on required repairs and the market demand that they
are supplying. For example, in certain plants, a ‘just in time’ order delivery approach to
servicing demand is characteristic, and can result in a lower overall level of operation where
capacity is used occasionally. Consequently, a capacity-based allocation with standardised
annual utilisation for incumbents is not likely to allocate based on actual need or performance.
In test calculations, the NER methodology appears to give allocations that are significantly
above the NAP allocations for Phase 1. The NER methodology requires the applicant to specify

kiln type, capacity, product and fuel type.

Production in tonnes is calculated as follows:
P=CxTDppxU

Where

P = lime production tonnes per year

C = the stated capacity of the kiln in tonnes of lime per day.

TDpp = number of days of planned production in a year, 330 days per year.

U = utilisation of production days, 95%, allows for breakdowns and unplanned stoppages.

Emissions from combustion are calculated using a fuel- and technology-specific emission

factor, expressed as tCO, per tonne of product, as outlined in the following table:

Table 12.6  NER methodology combustion emission factors (tCO2/t product)

Long Rotary Preheater Mixed Feed Parallel Flow  Other Shaft
Rotary Regenerative
Product NG Pet Coke NG Pet Coke NG Pet Coke NG Pet Coke NG Pet Coke
High Calcium 0.53 0.85 .. 0.33 .. . P 0.57 0.23 .. 0.29 ..
Light Burnt Dolomitic 0.61 0.95 .. 0.44 0.71 .. e 0.57
(Dolomet)
Dead Burnt Dolomitic (Dolofrit) .. 1.05 .. . . . 0.57
Dead Burnt Dolomitic (Dolopel) .. 06 .. . . . e 0.57
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Information on the type of kilns and capacity was gathered from the UK IPPC Sector Guidance
Note®' Version 1, 2001. This was then combined with available data on product and technology
type to calculate the NER allocation.

Process emissions are calculated in the NER approach based on standardised emission factors
expressed in tCO2/tonne product. For limestone products the factor is 0.785tCO2/tonne product
and for dolomitic limestone products, 0.913 tCO2/tonne product.

The allocation amount in tCO,, ‘A’, for one year is given by the expression:
A =P x (Efc + Efp)

Where:

Efc = combustion emissions factor

Efp = process emissions factor.

These values were calculated for the majority of UK lime sites and then compared to the known
relevant emissions listed in the UK Phase 1 allocations list. The results are shown in the
following table.

Table 12.7 Comparison of Allocations based upon the UK NER Methodology with Phase 1
relevant emissions

Site Ratio NER/Phase 1 relevant emissions
1 70%
2 139%
3 84%
4 155%
5 130%
6 110%
7 87%

The UK NER methodology used a correction factor for parallel flow regenerative kilns to
account for any moisture content in the raw material. This factor has not been used here as the
moisture data was not available.

81 Environment Agency, SEPA and Environment and Heritage Service, IPPC — Guidance for the Cement
and Lime Industry.
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12.4.2 UK New Entrant Reserve Allocation Methodology, with site specific
operating days

The high level of variance® between the site ratios between NER allocation and relevant
emissions is most likely due to the NER approach’s fixed assumption of 330 operating days.
Whilst this may be appropriate for some plants, it does not appear to represent the variability
between the sites studied, some of which evidently have significantly lower annual operating
days. Based on the assumption of a 95% utilisation factor, and using the NER approach’s
standardised®® process emissions factors for lime and dolomitic lime it is possible to calculate
annual production which can then be used to calculate required operating days.

Plant level production was calculated as follows:
P = Ebpp / Efprum
Where:
P =2003 production in tonnes lime
Ebpp = the process emissions in tonnes of CO; in the baseline period
Efprm = raw material specific process emission factor
Operating days (at 95% utilisation) was then calculated as follows:
OD =P/ (Cpgs/ 0.95)
Where:
OD = Operating days.
P = 2003 production in tonnes lime, calculated from process emissions.
Cpgrs = Design capacity (tonnes per day)
0.95 = 95% assumed utilisation

Operating days at 95% utilisation are calculated in this way for 2003 and are presented in the
following table.

2 . . . . . .
82 Variance is a measure of how spread out a distribution is.

% Process emissions factors used within the NER approach are standard and are consistent with BREF
note.
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Table 12.8  Process emission derived actual operating days, 2003

Site Operating days

1 258
2 152
3 324
4 32
5 198
6 151
7

190

Note: any offline capacity contained within the reported capacity levels will distort the above
results. Data was not available to adjust capacity to online only.

Kiln operating days at 95% utilisation vary significantly from 32 to 258. If these figures are
then applied within the NER approach in replacement of the standardised operating days figure,
the ratio between allocation and relevant emissions drops considerably.

Table 12.9 NER allocation with 2003 process emissions-based operating days versus Phase 1
relevant emissions

Site Ratio NER + estimated 2003
operating days/relevant
emissions

1 55%
64%
83%
15%
78%
50%

N o o AWwoN

50%

Note: any offline capacity contained within the reported capacity levels will distort the above
results. Data was not available to adjust capacity to online only.

Note: Site 4 emissions data includes emissions from boilers and dryers in addition to kiln. This
may distort the result.

Using 2003 estimated operating days, the allocation under the NER benchmark is consistently
significantly lower than the phase 1 relevant emissions, which is based upon a longer period of
historical data. Furthermore, there is considerable variation in combustion emission factor per
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tonne product, reflecting the spread of combustion emissions intensity across the
plants/products.

Whilst variation in product and technology is taken into account within the NER allocation
methodology, according to estimated calculations, none of the plants achieve the lowest
combustion emissions value which NER sets for the most efficient technology, product and fuel
combination (parallel flow regenerative kiln, high calcium, natural gas is the combination with
the lowest emission factor per tonne of product).

A number of sites have higher combustion emission factor per tonne of product than the
appropriate NER value. Whilst most sites’ fuel use conforms to NER’s assumptions around
typical fuel used by specific technology and raw material combinations, higher combustion
emissions may be due to the possibility that some sites produce a range of different products, or
work less efficiently than is assumed by the NER combustion emissions factors. Confirmation
of historic product split in tonnes would allow verification of estimated combustion and process
emissions.

It would appear that it is technically feasible to use an adjusted version of the NER benchmark
methodology as a way of making allocations in Phase 2 of the EU ETS. This would include use
of historical site-specific operating days rather than a standardised version. Using a combination
of NER’s product, technology and fuel combination-specific combustion emission benchmarks,
and the standard product-specific process emission benchmark (provided in NER ‘Calculating
the free allocation for new entrants’ report) produces allocations that are lower than phase 1
relevant emissions.

12.4.3 Adjustment Factor Allocation Methodology, Applied to All Emissions

Introductory comments in the cement section on the emissions adjustment factor allocation
methodology apply also to the lime industry.

The allocation is determined by the following expression:
A = Af x Ebp

Where:

A = the allocation for a year in t CO,

Af = adjustment factor

Ebp = total combustion and process emission in the baseline period — 2002 to 2003 was used in
this assessment for illustrative purposes.

Using this equation, combined process and combustion emissions allocations are scaled to the
benchmark level.

Clearly, adjustment factors could be derived from a number of sources.
For illustrative purposes, this study looks at two alternatives:
1. Benchmark based on average sector level historic emissions reductions.

2. An international benchmark for total emissions per tonne of product.
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Under the average sector level historic emissions reductions benchmark approach, 98.7%, is
taken as the factor applied to reference period emissions, and gives the first year allocation.
This figure was chosen for illustrative purposes only and is based on a business as usual
continuation of historic trends® in CO, emissions reduction in the UK. Although only year 1 of
the allocation period is tested here, each year would apply a compounded level of annual
reduction versus the reference period. Any historic trend used in this way should be carefully
considered by regulator and sector representatives; it could either be based on historic trends in
emissions improvement as is the case in this example, or could be an agreed target, such as the
climate change agreement target.

The second alternative is an international carbon emissions intensity benchmark (tonnes
combined combustion and process CO, per tonne product) applied to all emissions in a
reference period.

The adjustment factor itself is calculated as follows:
Af = Efgy / Efgp
Where:
Af = adjustment factor.
Efgm = benchmarked emission factor per tonne product.

Efgp = average emission factor in the baseline period — 2002 to 2003 was used in this
assessment.

The ratio between allocations calculated for Year 1 of the allocation period by the Adjustment
factor allocation method and the Phase 1 relevant emissions are shown in the following table.

Allocations based on the Adjustment factor allocation method show a variety of positions
relative to Phase 1 relevant emissions levels. The reason for the difference it likely to be the
high variability in load at individual lime sites, which may result in higher or lower emissions in
2002 and 2003 than over the full 1998-2003 Phase 1 Allocation baseline period.

Results for both approaches discussed above are as follows:

8 This is calculated based on the EU BREF note which states that a 20% reduction of CO, emissions per
tonne of lime was achieved over the 15 years prior to 1994. The 98.7 figure takes into account the
average annual emission (per tonne of product) reduction of 1.33% over the 15-year period.
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Table 12.10 Comparison of adjustment factor allocation , applied to all emissions versus Phase 1
relevant emissions

Site Ratio Adjustment factor Ratio benchmarked emissions
allocation (historic emission adjustment (international
reduction trend)/Phase 1 benchmark carbon intensity)/
relevant emissions to Phase 1 relevant emissions

1 87% 56%

2 95% 57%

3 108% 51%

4 86% 14%

5 98% 70%

6 59% 36%

7 80% 52%

The high ratio for site 3 under the historic emissions reduction trends benchmark approach
reflects the relative shortness of the reference period used for benchmark calculations (2002-3)
versus the 6-year period used to calculate Phase 1 relevant emissions. In this site, total
emissions increased significantly in the 2002-3 versus previous years. Conversely, site 6
experienced the opposite trend in emissions over the Phase 1 relevant emissions period resulting
in a low ratio. This approach therefore requires careful consideration of the most appropriate
reference period, including whether it should match the period used to calculate relevant
emissions or be based on the most recent historic emissions.

Under the carbon intensity benchmarked allocation methodology, all sites are significantly
below the Phase 1 relevant emissions. The use of carbon intensity rather than the historic
performance benchmark significantly affects the allocation given to sites producing energy
intensive products. The application of the overall emissions adjustment factor (rather than
combustion emissions only adjustment factor) does not take into account the lower flexibility of
process emissions per tonne of product. This produces quite extreme reductions in allocation as
it is based on the least emissions intense combination of technology and product available.

12.4.4 Adjustment Factor Allocation Methodology, Applied to Combustion
Emissions

Combustion emission related benchmarks allocate emissions based on the ratio of actual
combustion emissions per tonne of product in a reference period to the benchmark combustion
emissions per tonne of product. This ratio is then applied to adjust historic combustion
emissions in a reference period. Process emissions remain constant. In these calculations, the
reference period was 2002-3, for illustrative purposes.

Allocations based on combustion energy efficiency for Year 1 of the allocation period are
calculated as follows:

A= (EfCBMC/ Eprc) X Ebpc +Ebpp
Where:

A = the allocation for a year in t CO,
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Efgmc = the benchmarked factor for combustion per tonne lime (lowest value in European
BREF note — 3600 MJ/tonne lime).

Efrpc = the actual combustion emissions factor in the reference period — 2002 to 2003 was used
in this assessment

Ebpc = the combustion related emissions in tonnes of CO, in the baseline period — 2002 to 2003
was used in this assessment

Ebpp = the process related emissions in tonnes of CO, in the baseline period — 2002 to 2003
was used in this assessment

The combustion related carbon intensity benchmark methodology only applies the adjustment
factor to combustion-related emissions, and therefore accounts for the fact that process
emissions are less flexible.

Table 12.11 Comparison of Adjustment Factor Allocation Methodology, Applied to Combustion
Emissions with Phase 1 relevant emissions

Site Benchmarked
energy intensity:
ratio to Phase 1
relevant
emissions

1 84%
81%
67%
22%
94%
49%

N o o A wWwN

79%

Under the benchmarked combustion related carbon emissions allocation methodology, all sites
are below the Phase 1 relevant emissions level. One site allocation is only 22% of the Phase 1
relevant emissions, which is attributable to the plant emissions including non-kiln processes
such as boilers and dryers and the qualities of the final product. Emissions from these non-kiln
processes also contribute to the carbon intensity of the product and therefore where a benchmark
carbon intensity figure accounts only for kiln based emissions, site specific consideration may
need be taken to identify the proportion of emissions attributable to kiln. Where there additional
sources of emissions eligible under the EU ETS, allocations should be considered separately
taking into account appropriate approaches (eg for ‘Other Combustion Plant’).

The British Lime Association has also identified this particular site as the only plant requiring
individual consideration.

One feature of combustion related carbon emissions benchmark without disaggregation is the
potential for generation of incentives to change product or technology mix.
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The following table highlights the average combustion emissions factor per tonne of product for
technology and product combinations found on more than one site. This is limited in this way
in order to preserve anonymity of single sites with identifiable configurations.

Table 12.12 Combustion only emission factors based on 2003 combustion emissions and
estimated production data.

2003 average Technology Product
combustion

emission

factor (tCO2.

T product)

0.33 Parallel Flow Regenerative kiln  Lime / slaked lime

0.87 Long Rotary Dolomitic lime

12.4.5 Adjustment Factor Allocation Methodology, Applied to Combustion
Emissions (Technology Disaggregated)

This approach looks at a lower level of disaggregation (technology only) than applied within the

NER methodology (technology — product — fuel combination). Disaggregation on this level

differentiates sites on the basis of efficiency within a technology ‘class’ and differentiation

occurs on the basis of combustion emissions intensity of product types.

The following figure demonstrates the spread of site-specific combustion related emission
intensities within a range for two technology types (long rotary kilns and parallel regenerative
kilns). The low- mid- and high-point of the BREF-note’s combustion emissions per tonne
figures is then tested in an similar way to the non disaggregated energy efficiency section above
(see previous section for equations).
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Figure 12.1 Spread of site combustion emissions versus combustion emissions benchmark

Position of site combustion emissions versus combustion emissions benchmark

Low bench
------ Mid bench
/ — — — High Bench
1 / m  PFRsite 1
St A PFRsite2
5 / - PFRsite 3
g / X PFRsite4
&5 0.8 / ° ® LRsite
s )/ + LRsite2
8 S~ b :
= e S~
S 0.6 1 4
8 s
£ e
c - Leeelll
5 T
2
E A
o ]
0.2 4
0 T T T T r
PFR ASK OSK MFS R+Grate LR
Technology type
Key
‘Code Kiln type
PFR: Parallel flow regenerative
ASK: Annular shaft
OSK: Other shaft kiln
MFS: Mixed feed shaft kiln
R+Grate: Rotary with grate preheater
LR: Long rotary kiln

Allocations based on combustion energy efficiency for Year 1 of the allocation period are
calculated as follows:

A= (TEfBMc / TEfRPc) X Ebpc +Ebpp
Where:
A = the allocation for a year in t CO,

TEfgmc = the benchmarked combustion CO, emissions factor per tonne lime (lowest value in
European BREF note —MJ/tonne lime).

TEfgpc = actual CO, combustion emissions per tonne in the reference period — 2002 to 2003 was
used in this assessment

Ebpc = the combustion or heat related emissions in tonnes of CO, in the baseline period — 2002
to 2003 was used in this assessment
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Ebpp = the process related emissions in tonnes of CO, in the baseline period — 2002 to 2003
was used in this assessment

The results of the technology-disaggregated allocation methodology are presented in the
following table.

Table 12.13 Comparison of Adjustment Factor Allocation Methodology, Applied to Combustion
Emissions (Technology Disaggregated) with Phase 1 ‘relevant emissions’

Site Technology Benchmark
emissions/Phase 1 relevant
emissions

1 84%
81%
75%
22%
94%
55%

N o g A wWwN

79%

Under this approach, allocation remain the same except where site technology is different to the
most efficient technology. These sites’ allocations move slightly closer to the Phase 1 relevant
emissions.
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12.4.6 Summary table on development of benchmarks

No Description

Activity measure to apply to
benchmark emissions data

Level of sectoral
disaggregation for

benchmark emissions data

Emissions
benchmark

Comments

1 NER
2 NER + site specific utilisation
3 Adjustment factor allocation

(applied to all emissions)

4 Adjustment factor allocation
(applied to combustion only
emissions):

Standardised operating days rate.

Site specific operating days rate.

Allocation = historical process and combustion
emission * sector adjustment factor

Allocation = (ratio of benchmarked to actual
combustion emissions per tonne product * ref.
period emissions) + ref. period process
emissions.

Allocation based on achieving an international
benchmarked emission intensity per tonne
product. Allocation effectively assumes
production level remains constant (and
therefore also process emissions) but
combustion emissions are adjusted to
benchmarked level.

Sector disaggregation according to
technology and product

Sector disaggregation according to
technology and product.

No disaggregation

No disaggregation

Fuel and technology
specific emission
factor for
combustion.

Fuel and technology
specific emission
factor for
combustion.

Benchmark = total
emission adjustment
factor.

Benchmark =
combustion
emissions reduction
factor

The NER relies on site specific
technology, product and fuel
combinations. Whilst the process
emission factors are equivalent to
BREF note, combustion emission
factor ranges per technology are often
at the higher end of the range
identified in the EU BREF.
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No Description Activity measure to apply to Level of sectoral Emissions Comments
benchmark emissions data disaggregation for benchmark
benchmark emissions data
5 Adjustment factor allocation, Allocation = (benchmarked tech. specific Disaggregation based on installed Benchmark = Level of technical disaggregation
technology disaggregated. combustion emissions per tonne / actual technology. combustion would need to be assessed in a
(Applied to combustion combustion emissions per tonne * ref. period emissions value consistent way across all sites.
emissions per tonne product). comb. emissions) + ref. period process
emissions.

Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a

selected number of sites within the industry..
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12.5 Evaluation of Lime Benchmarks

12.5.1 Feasibility and Verifiability

All benchmarking approaches considered are technically feasible and verifiable,
subject to the development of suitable targets for the Adjustment Factor approach.
The main data requirements for the application of the NER and international
benchmarks methodologies can be met through data already collected for the
current NAP allocation methodology and the UK’s IPPC guidance for the cement
and lime sector.85

Although production and load data were not available for this exercise, load factor
data may be relatively accurately computable through the use of the process
emissions factors. They are easily verifiable based on the CO2 content of the two
main raw materials used in lime production.

Whilst emission factors and heat energy input are available for most products, there
may be certain products which require drying or other non kiln-based heating or
processing. If it is decided that benchmarks should be differentiated to this extent,
further consultation and consideration would be required to establish certain plants’
energy and emissions intensities where NAP allocations include non-kiln devices.

Site-specific energy efficiency targets are not publicly available and their use could
raise problems of confidentiality and commercial sensitivity. Although use of the
international energy efficiency benchmark would create a convergence of eligible
energy consumption emission per tonne, it would be possible to generate targets on
an individual site basis using the efficiency factors provided in data submissions
similar to the current NAP data forms. This could be combined with heat energy
consumption figures as provided in the BREF note to provide ‘best in class’
technology-specific energy benchmarks.

12.5.2 Simplicity, Transparency, and Standardisation

The NER and international energy and carbon benchmark methods described here
are standardised to a high degree. There has been no adjustment for any site-
specific technologies or circumstances except insofar as these are reflected in
historical emissions or load factors. The calculation of the allocation for each uses
the same data sources and calculation steps are minimised. These methods have a
high degree of transparency.

Negotiation of energy efficiency targets is typically not a transparent process, even
at the sector level. It would probably be even less transparent at the site level.86

%5 Appendix 4 contains a summary of UK lime production sites’ capacities.

% The use of pre-existing site-specific targets also lacks transparency, but it may be fair to use
them if they represent agreements prior to emissions trading and reflect what is actually possible
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This would work against the Adjustment Factor approach unless negotiated targets
were not used and standardised targets were used instead. The international
benchmarking methods by definition derive their target from international
comparison rather than negotiation.

12.5.3 Consistent with Site Need for Allowances

* Benchmarks that incorporate historical information may be able to reflect better
any site-specific idiosyncrasies in capacity utilisation or emissions factors. Site-
specific load factors could be used to reflect the same information. Load factors
vary substantially within the lime industry and use of a standardised factor across
the sector is unlikely adequately to correspond to site need.

* With a robust method to project output for incumbents a modified NER method
could be consistent with site need for allowances, depending on the stringency of
the benchmarks used. Using the NER methodology with calculation of product,
technology and fuel combination-specific combustion benchmarks; based upon
energy efficiency values derived from global best practice; and applying raw
material-specific process emission benchmarks produces allocations that are lower
than those made in Phase I. This may reflect the deviation of UK technologies
from the global best practice benchmarks.

e BAT CO2 emission factors are available for different product kiln types and their
use may better reflect need. As with all product and technology differentiation,
this has to be assessed against other criteria, including simplicity, standardisation,
and the incentives for clean technology.

* The difference in process emissions factors between calcium lime and dolomitic
inputs means that separate benchmarks for these two raw materials would better
meet site need.

* As with other benchmarks, the application of the natural gas emissions intensity
may leave non-gas users with fewer allowances than they require.

» Capacity expansion at existing sites is provided for in the FES New Entrant method
but not covered by the Adjustment Factor method without further specification,
since it relies entirely on historical emissions. This could be done in a manner
similar to the treatment of new entrants in the Phase I allocation.

12.5.4 Provides Incentives for Best Practice and “Clean Technology”

* The primary incentives for best practice and clean technology are provided by the
allowance price. An allocation method free from all forms of updating (including
shut-down forfeiture and new entrant allocations) leaves these incentives

at a particular site—under emissions trading what is actually feasible at any particular site need
not limit the targets that are set, since a site can always use the emissions market.
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unaffected so they do not differ from those provided under simple grandfathering
or auctioning.

e If new entrants receive allocations based on the same methodology used for
incumbents, this may make it more difficult to use benchmarks that are not output-
based or that are differentiated. Input-based and differentiated benchmarks would
be likely to reduce the incentives for clean technology among new entrants.

» If the modified FES approach is based on fixed historical output values incentives
for incumbents will not differ from those under grandfathering or auctioning,
although they may have greater incentives to add capacity to qualify as new
entrants. If the output data are updated over time, incentives for abatement through
adjustments to production or switching to less carbon-intensive products will be
reduced. The incentives can only favour “cleaner” technology to a greater extent
than auctioning if the overall EU allowance price is assumed not to remain
constant.

* Shutdown forfeiture and other forms of updating may also deter sites from closing,
and these are likely, all else being equal, to be dirtier sites. However, as with other
sectors, although the “replacements” for installations that shut down may be
cleaner new entrants in the UK, they may also be (possibly dirtier) installations in
other Member States, or even (dirtier) installations outside the EU.

* Incentives under the Adjustment Factor approach may differ because of the
possibility of differentiating efficiency targets by technology types (eg, different
types of lime kilns) or even by site. Assuming there is no such differentiation the
incentives should not differ from those under grandfathering or auction except
under the above circumstances.

* Assuming updating, using lower benchmarks may increase the likelihood that the
dirtiest sites will close (relative to another updated case with a higher benchmark).
Without shutdown forfeiture of allowances, incentives for closure are unaffected
by the allocation method.

12.5.5 Minimises “Gaming” and Perverse Incentives

* As noted above, it may be desirable to allocate to new entrants via the same
method used for incumbents. However, there are potentially perverse incentives if
new entrant allocations are differentiated by technology, and also if incumbents can
“reclassify” themselves as new entrants.

* As with other sectors, all forms of updating distort abatement decisions away from
the optimal strategy. However, because of the possibility of leakage outside the
EU or to other member states, there may actually be little environmental benefit
achieved by not updating.

* In a case where targets and/or utilisations are updated between periods, incentives
will be distorted less if the factors used are not site-specific and are differentiated
as little as possible. An installation is less able to influence its future allocation
through current decisions if future allocations are based on sector averages rather
than site-specific activity. It may therefore be preferable not to renegotiate targets
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under the Adjustment Factor approach, or to use standardized measures rather than
negotiated targets.

* With site-specific differentiation, updating of load factors is less likely, other
things being equal, to distort incentives for emissions abatement than is updating of
emissions or input use. A combination of updating and differentiation by product
type will blunt incentives to switch from high-emitting to low-emitting product
types where these are potential substitutes.

» Using different approaches to allocate to new entrants and incumbents will also
distort incentives.  This is unavoidable with the Adjustment Factor and
International Benchmark methods, which rely on site-specific historic data that will
does not exist for new entrants.

e For the NER method, incentives will depend on whether benchmarks are
differentiated by technology and output type. In the presence of updating,
differentiation of allocations by technology/inputs/fuels will blunt and may remove
completely incentives provided by the trading scheme to switch from high-emitting
to low-emitting technologies/inputs/fuels. From the point of view of efficiency,
differentiation is therefore best kept at a minimum.

12.5.6 Certainty

* Assuming all methods are combined with some form of updating, and that the
overall level of allocations is determined subsequently by government, an approach
that is based on a simple emissions per unit output factor may provide the greatest
certainty, but it is difficult to compare the approaches.

» Using updated historical emissions information combined with updated growth rate
projections and updated emissions factors under the Dutch approach could
introduce a greater level of uncertainty, since there are a wide range of parameters,
some of which may be subject to negotiation. Although sites (or sectors) may feel
that they have more control over their own targets, their allocations may be
affected by targets negotiated with other sites (or sectors), over which they may
have little influence.

12.5.7 Consistency with Other Member States

e Formally the Adjustment Factor approach has the potential to be consistent with
other Member States and is already being used in the Netherlands. However, there
is little guarantee that the resulting allocations will be similar on a per-unit-output
or per-unit-capacity basis, and they may also differ as a result of differences in
expected growth rates and if energy efficiency targets are negotiated along
different criteria. The negotiated element could be removed if standardised
benchmark targets were used. It would of course be possible to harmonise most of
the parameters, apart from historical emissions. If projected emissions were used,
then all parameters could be made consistent.

e The International Benchmarking approaches have the potential to be very
consistent across Member States, although again, their combination with site-
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specific historical load factors could result in consistent differences in allocations
to otherwise similar sites.

12.5.8 Consistency with Energy White Paper

* The benchmark used for the Lime sector is not expected to affect consistency with
the Energy White Paper.

12.5.9 Summary and Tentative Recommendations

Table 12.12 summarises the evaluation of the benchmarks considered for the Lime sector
against the primary criteria identified for this study. Where there are different versions of the
approach, the evaluation of the alternative version is shown in parentheses.

Table 12.14 Summary Evaluation of Selected Lime Sector Benchmarks

Benchmark Approaches

Criterion Modified Adjustment International International
FES Factor Energy Carbon
Approach Efficiency Intensity
Technical Feasibility and Verifiability Good Good Good Good
Standardisation / Simplicity Fair Fair Good Good
Transparency Good Fair/Poor Good Good
Meets Need Poor Fair Fair Fair
Incentives for Clean Technology Good Fair Good Good
Perverse Incentives / Gaming Fair Fair Fair Fair
Certainty Fair Fair Fair Fair
Other Member States Fair Fair Good Good
Energy White Paper NA NA NA NA

The adjustment factor approach comes out slightly worse than some of the other approaches
here because of the possibility that it would differentiate between different sites or technologies
and because it could be based on negotiated targets. In principle, the adjustment factor
approach could be designed in a way to make it identical to the “International” approaches.

As discussed elsewhere in this report, if it is decided that new entrants should receive
allocations, and also that the allocation to new entrants and incumbents should follow similar
approaches to avoid distortions, then the use of output-based benchmarks is likely to result in
the least distortion from the cost-minimising abatement of emissions.  Output-based
benchmarks appear to be feasible in the lime industry, as the link between output and emissions
is firm and relatively non-variable. A benchmark methodology for incumbents could build on
the methodology developed for new entrants for Phase I.
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It needs to be determined to what extent differentiation by input feedstock, technology, and
product mix is required if adopting this approach. Less differentiation helps avoid potential
proliferation of non-standardised benchmarks and associated complexity. If new entrants
receive allocations, less differentiation also helps limit the blunting of incentives to adopt low-
emissions methods of production. As in all cases, this has to be assessed against the risk that
the use of large aggregate categories fails to tailor allocations appropriately to site need.

It may be necessary to preserve the NER method’s distinction between high calcium lime
products and dolomitic products, using different process emissions factors for the two.
However, if this is not based on fixed historical data, this should be done bearing in mind the
disincentive for substitution from high-emitting to low-emitting products that this entails,
weighing such distortions carefully against the requirement to meet site need. A relevant further
consideration would be how the two product categories correlate with the ownership structure of
lime installations. The competitiveness impact of site need is largely related to any systematic
unevenness of allocation between companies rather than between installations. The NER
method also distinguishes between other input feedstock characteristics, including moisture
content. While potentially able to meet site need better, unless data are fixed, this discourages
emissions abatement by the use of lower CO,-intensity feedstock resulting in lower emissions
per unit output.

Calculations suggest that, using current data, output-based benchmarks using BAT or
international best practice parameters will result in lower absolute allocations for incumbents
than were given for the Phase I. This is not an unavoidable feature of the output-based
benchmarking approach, as the stringency could be modified to take account of the present
characteristics of UK industry rather than BAT. In addition, the final allocation available to any
on installation is dependent not only the benchmark method used, but on the overall emissions
reduction required by the lime sector and the trading sector as a whole. Both of these issues are
beyond the scope of this report.

The output-based approach requires some projection of output needs to be established. As the
analysis of historic load factors shows, the NER approach of using 95 percent utilisation is not
suitable to matching the recent emissions of incumbents. Indeed, the large variation of load
factors between lime installations makes the use of any sector average (or, a capacity-based
benchmark) unsuitable from the point of view of meeting site need. The use of site-specific
load factors or other site-specific information should therefore be considered.
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13. Aluminium

13.1 Sector Profile

13.1.1 Sector Structure

The main activities carried out in the aluminium sector are the production of primary aluminium
from alumina and the manufacture of end-user products such as extruded profiles, engineering
components, cans and foil. The sector also includes secondary aluminium processing activities
which involve the recycling of scrap aluminium to make new end-user products.

Aluminium is a commodity product and global production was approximately 22 million tonnes
in 2003. Based on 1997 data, UK production levels of primary and secondary aluminium were
248 kt and 257 kt respectively (EIPPCB 2001a). There are three primary aluminium smelters
located in the UK which produce aluminium in various forms suitable for extruding, rolling and
re-melting, as follows:

Table 13.1 UK Primary Aluminium Smelters

Operator Site Production Capacity Notes
(kt/annum) (Note 1)

Alcan Aluminium Lynemouth 164 Large on-site coal fired power station
UK Ltd
Alcan Aluminium Lochaber 40 Electricity imported from grid/hydro scheme
UK Ltd
Anglesey Aluminium Penrhos 140 Electricity imported from national grid
Metal Ltd
Total 344

Note 1 Source: Company websites

These sites mainly supply markets in the UK and Europe. In common with commodity
products in general, there is continuing pressure on smelter profit margins as a result of mature
production technologies and substantial international competition.  There are limited
opportunities for manufacturers to develop direct relationships with customers. This restricts
the manufacturer’s ability to gain higher prices than the prevailing international market ‘spot’
price for aluminium. There are around 20 secondary aluminium processing sites in the UK
which vary in size and fabricate a wide range of products from primary and recycled aluminium.
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13.1.2 Process Overview

This section provides a summary of the processes operated at primary and secondary aluminium
plants. For additional information, refer to the relevant sector BREFs (EIPCCB 2001a; 2001b).

Primary Aluminium Production

Aluminium is smelted using the Hall-Heroult process in which alumina (aluminium oxide) is
reduced to aluminium metal by passing a strong electric current through it. The alumina has to
be dissolved in a cryolite bath to enable the process to proceed at relatively low temperatures.
The process takes place in an electrolytic cell known as a reduction cell or pot using carbon
anodes. The key activities carried out at a smelting site are summarised below:

* Materials handling - Alumina is shipped into the site, unloaded and stored prior to
being processed;

* Carbon anode production - Carbon anodes for the electrolysis process are
manufactured from petroleum coke and pitch;

* Electrolysis - The alumina is electrolysed in the cellrooms to produce elemental
aluminium;

e Metal products - The aluminium from the cellrooms is processed into value added
products including sow, rolled ingot and billet which are suitable for extruding,
rolling and re-smelting by customers; and,

* Site support - This includes site maintenance activities, services, utilities,
administration and other support activities.

Electricity consumption for the electrolysis process is typically around 15 MWh/t of hot metal
produced and this accounts for around 90% of total site energy use. The remaining energy use
is natural gas for melting the metal and electricity for non-electrolysis process equipment. In
addition to fuel combustion, the electrolysis process generates CO, emissions from the
consumption of the carbon anodes. Perfluorcarbon (PFC) emissions are also generated due to
the breakdown of the cryolite solution in the cells.

Secondary Aluminium Production

The secondary aluminium sector processes both scrap and primary aluminium to produce a
large range of products with applications in the transportation, construction and packaging
industries, the electricity sector, high voltage electricity distribution systems, household
appliances, and the mechanical and agricultural sectors. The production and refining of
secondary aluminium is much less energy demanding and consumes less than 5% of the energy
needed to produce primary aluminium. The main energy demands are natural gas to provide
heat for re-melting, holding and casting the metal, and electricity to power process equipment
such as saws, compressors and presses.

13.1.3 Historical CO2 Emissions and the NAP

The only entry in the NAP is the Lynemouth smelter (NAP ID 96) since this site has a 1140
MW, coal-fired power station (i.e. three boilers rated at 380 MW,,) on site which supplies
power to the electrolysis process. Emissions from this station in 2003 were 2,749,545 tCO,,
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compared to a phase I EU ETS allocation of 2,933,386 tCO,/year. Therefore, the allocation is
6.7 % above current emissions.

The remainder of the primary and secondary aluminium sector are not be covered by the first
phase of EU ETS because:

* Non-ferrous metal production is not included as a named sector in Annex I of the
Directive;

e CO2 from combustion of natural gas to melt metal (even where site total capacity
is >20MWth) has been granted an exemption on the basis that is a non-energy use
of fuel;

e CO2 from consumption of the carbon anodes is granted an exemption on the basis
that is a non-energy source; and,

* As anon-CO2 greenhouse gas, PFC emissions are not eligible for coverage of the
EU ETS during Phase 1.

Despite the above exclusions from the EU ETS, all CO, and PFC sources from the aluminium
sector are covered by the UK Climate Change Agreements (CCAs). The CCAs set individual
site and sector association level targets for these greenhouse gas emissions per tonne of product.
The table below provides illustrative data for the sector:

Table 13.2 Typical Aluminium Smelter GHG Emissions

GHG Source' Typical % of Total GHG Emissions Typical Specific
(based on CO: equivalents) Emissions (tCOze/t Al)?
Electrolysis power (CO,) 74% 6.4
Anode carbon (conversion to CO,) 17% 1.5
Anode effects (PFCs) 4% 0.4
Combustion of natural gas (CO,) 3% 0.3
Process power (CO,) 2% 0.3
Total 100% 8.9

Notes:

! Indirect emissions from electricity import are included above (and in the CCAs) assuming that the
standard grid electricity emissions factor of 0.43 tCOe/MWh.

2 These specific emission factors are provide for illustrative purpose only based on the sector
BREF and company annual environmental reports. Actual specific emissions for each source vary
between individual smelters according to the process technology employed and whether or not
power is generated on-site.

On the basis of the available data, the UK’s primary aluminium smelters are estimated to
generate total direct GHG emissions of around 3 million tCO,e/yr.
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13.2 Sector Contacts and Data Availability

13.2.1  Aluminium Sector Contacts
Attempts have been made to contact the following organisations in the sector:

¢ Alcan Aluminium UK Ltd
* Anglesey Aluminium Metal Ltd
e The Aluminium Federation (UK trade association)

Data has also been obtained from relevant annual company and environmental reports to inform
the assessment and development of our work.

13.2.2 Data Availability

A range of data sources on aluminium sector GHG emissions have been obtained and reviewed,
as follows:

e FES report on benchmarking, including methods for electricity generators and
combustion units rated >20 MWth;

* Digest of UK Energy Statistics 2004;

* European BREF on non-ferrous metal industries;

* Journal articles on energy use benchmarking for smelters;

* Papers on allocation methodologies from other Member States;
* Other documents as referenced in this section.

The above data sources have been useful in assessing aggregate energy use figures for primary
and secondary aluminium manufacture. Data on the Lynemouth power plant has been obtained
from the NAP submission forms. In addition, typical ranges of emission factors for aluminium
smelter GHG sources that are not currently covered by the EU ETS have been obtained from the
above data sources.

13.3 Existing Benchmark Methodology

The FES report provides no benchmark methodologies that are specific to the aluminium sector.
However, the methodology given for electricity generators is considered to be applicable to the
Lynemouth power plant, and is as follows:

Allocation (tCO2) = Plant Capacity (MW.) * Utilisation(%)/100 * 100/Electrical Efficiency(%) *
8760 * Fuel Emission Factor (tCO./MWh)

This calculation can be applied to the Lynemouth power plant using the estimated values for
each parameter. The NER standard load factor for a steam turbine of 41.3% is significantly
lower than would be expected at a smelter, and a more representative utilisation of 90% is
assumed for illustrative purposes. Using an electrical efficiency of 35.5 (standard NER value
for assumed steam turbine technology) then the electrical output capacity of the plant is
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assumed to be 420 MW, based on a boiler capacity of 1140 MW. The plant allocation would
then be:

Allocation = 420 * 90/100 * 100/35.5 * 8760 * 0.30 = 2,798,264 tCO2/year

The calculated allocation is very close to the plant’s 2003 emissions. However, this value is
illustrative only and the exact allocation would be calculated using accurate site data.

Overall, it is considered that the above allocation methodology is transparent and robust and is
therefore acceptable for use in the aluminium sector. Options for the choice of load factor are
considered in the evaluation section below. If other benchmarking approaches were used to
allocate to the electricity supply industry these could also be applied to Lynemouth.

13.4 Alternative Benchmark Methodologies

Although we do not consider any additional benchmarks for allocating to Lynemouth, there is
still the possibility of inclusion of other GHG sources from the aluminium sector. These GHG
sources are already included in the sector’s CCAs, so these provide a potential source of data for
development of benchmarks.

13.4.1 Combustion CO2 Benchmarks

Currently the combustion of natural gas used to apply direct heat at primary and secondary
aluminium plants has been granted the status of ‘non-energy’ fuel use by DEFRA. Therefore
the emissions from this source, which are estimated at 100,000 tCO,/year, are not currently
regulated under the EU ETS. These emissions equate to around 0.3 tCO, per tonne of
aluminium produced. Little data is readily available on the variation in gas use between sites,
although the CCAs do set site-specific targets for gas use.

13.4.2 Process CO2 Benchmarks

Currently the CO, emissions arising from the consumption of carbon anodes in the electrolysis
cells is has been granted the status of ‘non-energy’ source by DEFRA. Therefore the emissions
from this source, which are estimated at 500,000 tCO,/year are not currently regulated under the
EU ETS.

These emissions equate to around 1.5 tCO, per tonne of aluminium produced. Little data is
readily available on the variation in anode consumption rates between sites, although the CCAs
do set site-specific targets for the resultant CO, emissions.

13.4.3 PFC Emission Benchmarks

Aluminium smelters are significant source of PFC emissions, specifically CF, and C,Fs which
have global warming potentials (GWPs) relative to CO, of 6500 and 9200 respectively. The
PFCs are emitted during the primary aluminium smelting process in the ratio CF:C,F, of
approximately 10:1. They cannot be removed from the gas stream with existing
technology once they are formed, although the industry is introducing process control
systems to help ensure releases of PFCs are minimised by good cell control.
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Currently, PFC emission factors range significantly between sites, depending on the level of
control in place to minimise ‘anode effects’ which lead to PFC generation. The BREF
(EIPCCB 2001a) indicates a BAT-based PFC emission factor range of 0.13 to 0.67 tCO,e/t
aluminium but UK plants are thought to be currently operating at the upper end or above this

range.
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13.4.4 Summary table on development of benchmarks

No  Description Activity measure to apply to Level of sectoral disaggregation for Emissions Comments
benchmark emissions data benchmark emissions data benchmark
1 NER Power plant capacity (MW,) and utilisation (%)  NER method only gives benchmark for power Benchmark based ¥ NER method is applicable to
plant emissions on power-plant power generation at
technology type smelters but this covers only
one UK plant.
2 Aggregate specific energy Smelter throughput (e.g. t Al/day) Benchmark based on total production and total Benchmark based Large variation in total GHG
consumption (Aggregate SEC) GHG emissions on LCPD BAT for emission per tonne of
power generation product depending on
and industry- whether or not power is
specific BAT for generated on-site.
other emission
sources.
3 Non-power generation GHG Smelter throughput (e.g. t Al/day) Benchmarks for non-power generation Data in CCAs Inclusion of non-power GHG
emission sources combustion CO,, process CO, and PFC could be emissions from smelters
emissions could be used to calculate a total considered as a would require a change to
smelter GHG allocation basis for Annex | of the EU ETS
benchmark. Directive to include these

sources. However, they are
already included for other
sectors.

Note: ¥ means that the benchmark has been included in a more detailed assessment, typically comprising numerical calculation of the impact on the benchmark of a

selected number of sites within the industry.
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13.5

13.5.1

13.5.2

13.5.3

Evaluation overview

Feasibility and Verifiability

The current NER method for on-site power generation in the sector is technically
feasible and verifiable. Data are readily available but the method covers only one
site within the sector and does not include other sector GHG sources.

An earlier chapter of this report considers alternative benchmarks that could be
used for power stations, and it could be equally appropriate (and feasible) to apply
one of these to the Lynemouth site if such a benchmark were adopted.

Data and benchmarks for other sector GHG sources (process, gas combustion CO2
and PFCs) are available from climate change agreements and BREF notes.
Benchmarking would be technically feasible but sources are not currently in the
scope of EU ETS.

Simplicity, Transparency, and Standardisation

The current NER method for on-site power generation is simple and transparent as
are the other power generation benchmarks considered previously. The benchmark
used for generators in the Aluminium sector could be identical to that for other
power generators and is therefore standardised.

Benchmark methods for other GHG sources from the Aluminium sector would be
simple and transparent. Transparent and simple benchmarks would be based on
emissions per tonne of hot metal produced (as in the CCA’s). Assuming sector
utilisation rates are reasonably constant it would be possible to use a standardized
capacity factor to determine output. Alternatively, historical output could be used,
although there may be difficulties selecting a “representative” year or years.

Process and gas combustion GHG emissions from other sector (refineries and
cement) are included in the EU ETS. There appears to be no reason why these
emission sources should not be included in the EU ETS for the Aluminium sector.
However, this subject would require further investigation outside the scope of this
study.

The inclusion of PFCs from the aluminium sector would be dependant on a change
to Annex II of the EU ETS.

Consistent with Site Need for Allowances

An allocation using the modified FES method for the electricity supply industry
and a 90 percent utilisation factor gives an allocation very close to 2003 emissions.
This form of site-specific load factor would be consistent with some of the other
approaches considered for power stations. This broadly meets site need because
the allocation is closely based on the relevant technology for the single site in the
sector.
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If more standardised power station approaches were used that did not account for
the higher load factor at Aluminium sites or that assumed a gas emission factor,
site need is unlikely to be met.

Specific emissions for GHG emissions from other processes may be less variable,
and therefore the benchmarks should be able to meet site need, provided activity
levels are accurately projected.

13.5.4 Provides Incentives for Best Practice and “Clean Technology”

A switch from on-site generation to less emissions-intensive electricity imports is a
valid form of emissions abatement and, insofar as new grid capacity or the
marginal generating unit is less emissions intensive than current on-site coal
generation, consistent with the use of “clean technology”. Without updating, this is
incentivised by the trading scheme, as the aluminium plant will have an incentive
to take the cheaper option (including the revenue from selling unused allowances).
However, with updating that leads to the forfeiture of allowances upon cessation of
on-site generation, this form of abatement will not be incentivised.

As noted in the background discussion, secondary production of aluminium from
recycled material is much less carbon- and energy-intensive than primary
aluminium production. Where there is no updating of allocations through new
entrant allocations or shutdown forfeiture, incentives towards secondary production
will be reasonably strong. However, in the presence of updating, benchmarks that
meet need are likely to reduce incentives towards recycling.

13.5.5 Minimises “Gaming” and Perverse Incentives

Production of on-site electricity and import of electricity from the grid are close
substitutes in the aluminium industry, with one UK installation in the former
category and two in the latter. Differing relative generosity of allocation to on-site
generation and electricity supply to the grid may be perceived as unfair. Moreover,
if on-site expansion receives new entrant allocations based on actual emissions
factors, this could distort competition between different smelters.

The combination of an output-based benchmark, a switch from on-site generation
to import of electricity, and a new-entrant reserve for the electricity supply industry
could result in “double-allocation” of allowances. That is, if an aluminium
installation retained allowances upon a switch from on-site generation to electricity
importation, allowances would be allocated both to the new capacity supplying the
aluminium plant and to the on-site generation and aluminium production. This
may be inconsistent with site need and also could compromise the overall cap if it
occurred more broadly.

13.5.6 Certainty

Assuming no updating and the use of fixed historical or projected data, the
approaches considered here provide reasonable certainty about the allocation level
and allocation rate.
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13.5.7 Consistency with Other Member States

* The benchmark methods presented could potentially be harmonised across Member
States. Because the power generation approach presented is technology-specific,
and because it uses site-specific utilisation figures, , there is little guarantee that the
resulting allocations will be similar on a per-unit-output or per-unit-capacity basis.
For the other processes, more consistency could be expected.

13.5.8 Consistency with Energy White Paper

* The benchmark used for the cement sector is not expected to affect consistency
with the Energy White Paper.

13.5.9 Summary and Tentative Recommendations

Table 13.3 Summary Evaluation of Aluminium Sector Benchmarks

Benchmark Approaches

Criterion Power Other GHG
Generation Emissions

Technical Feasibility and Verifiability Good Good

Standardisation/Simplicity Fair Good

Transparency Good Good

Meets Need Good Good

Incentives for Clean Technology Fair Fair

Perverse Incentives/Gaming Fair -

Certainty Good Good

Other Member States Fair Good

Energy White Paper Fair NA

Only one installation in the aluminium sector is currently covered by the EU ETS, and only in
the form of a coal-fired power station. On this basis, no separate benchmark is required for the
aluminium industry. The methods discussed in the context of the electricity supply industry
sector can be used, but it may be important to consider implications for other aluminium
producers how different benchmarking allocation approaches for this site could affect
competition among aluminium producers.

It is important to maintain consistency between benchmarks for power generation in the
electricity supply industry and the aluminium industry. Competition between smelters may
otherwise be distorted, and under some circumstances incentives for emissions abatement
blunted.
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It would also be possible to develop output-based benchmarks for the processes specific to the
aluminium industry. These would be relatively straightforward to implement based on
historical or capacity-based output. Care would need to be taken to ensure that various forms of
updating—including allocations to new entrants, shutdown forfeiture, and the use of updated
growth projections to calculate allocations for primary aluminium—did not distort incentives to
shift towards lower CO,-intensity aluminium recycling.
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14. Brief Consideration of Benchmarks for
Non-CO, Greenhouse Gas Sources

14.1 Sources of Non-CO, GHG Emissions

There are six greenhouse gases (GHGs) covered by the Kyoto Protocol as follows:

Table 14.1 ‘Basket of Six’ Greenhouse Gases Covered by the Kyoto Protocol and Key Sources

Greenhouse Gas Global Wa_rrqing Key Industrial Sources
Potential

Carbon Dioxide (COy) 1 Combustion of fossil fuels; cement manufacture.
Methane (CHa) 212 Oil & gas extraction and processing; mining; coke making.
Nitrous Oxide (N.O) 310 Adipic acid and nitric acid production.
Hydrofluorocarbons (HFCs) 140 - 11,700° Refrigerant manufacture and use.
Perfluorocarbons (PFCs) 6,500 - 9,2003 Refrigerant manufacture and use.
Sulphur Hexafluoride (SFe) 23,900 Aluminium and magnesium smelting; high voltage

electrical switching equipment.

' Global Warming Potential (GWP) is relative to CO, over a 100 year time horizon (ie one tonne of methane is
equivalent to 23 tonnes of CO.in terms of climate change potential)

2 The IPCC have recently reassessed the methane GWP as 23. However, the previously published factor of 21 is still
widely used. GWPs for other GHGs have also been reassessed by the IPCC. (Reference: Climate Change 2001: The
Scientific Basis. Contribution of Working Group | to the Third Assessment Report of the IPCC. 2001.)

® HFCs and PFCs are groups of fluorinated organic compounds, each of which have a different global warming
potential.

Under phase I of the EU ETS, only CO, emissions from certain industrial sources are included
as regulated GHGs in Annex I of the Directive. However, Annex II of the Directive includes
the full ‘basket of six’ GHGs that can potentially be included under phase II of the EU ETS.

A recent study conducted by Entec (2004) on behalf of DEFRA involved the updating of
projections for non-CO, GHG emissions for the UK to the year 2020. This study provides
useful data on the contribution of non-CO, gases to the UK’s total GHG emissions. The data is
summarised in the table below (n.b. emissions are quoted as million tonnes of carbon
equivalent®’).

87 GHG emissions can be reported as a total in terms of tonnes of Carbon equivalent (tC) or tonnes of CO,
equivalent (tCO,e), using the global warming potential of each GHG. If required, to convert from tonnes
of Carbon to tonnes of CO,, the emissions are multiplied by a factor of 3.67.
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Table 14.2 Summary of Emissions Projections for Basket of Six Greenhouse Gases (MtC)

Base 1990 1995 2001 2005 2010 2015 2020

Year
CH, 21.0 21.0 17.5 12.6 11.0 9.4 8.6 8.1
N.O 18.5 18.5 15.6 11.6 11.7 11.3 11.4 11.6
F-Gases 4.7 3.8 4.7 3.2 3.6 3.1 3.1 2.9
Total Non-CO. 44.2 43.3 37.8 27.3 26.3 23.9 23.1 22.6
CO, 165.1 165.1 153.5 153.0 151.9 142.0 140.4 142.2
‘Basket’ of Six GHGs 209.3 208.4 191.3 180.3 178.2 165.9 163.5 164.8
% of Base Year 100.0% 99.6% 91.4% 86.2% 85.1% 79.3% 78.1% 78.7%

Based on the data above, non-CO, gases will continue to contribute around 15% of the UK’s
total GHG emissions over the period 2005 to 2020. Total non-CO, GHG emissions in 2005 are

expected to be 26.3 MtC (96.4 million tonnes of CO, equivalent).

On this basis, the inclusion

of non-CO, GHG sources in phase Il of the EU ETS could potentially make an important
contribution to the UK’s climate change mitigation programme. The table below summarises
the sectors that are considered to be significant UK sources of CO, and non-CO, emissions.

Table 14.3 Key Sectors and GHG Emission Sources under the EU ETS
Greenhouse Gas Emission®
Sector/1 Sub-Sector/Process Threshzold
Activit Size
¥ CO, CHs N:O HFCs PFCs SF¢®
1. Energy 1.1 Combustion >20 MW v VAR A
activities installations thermal
input
1.2 Mineral oil refineries v v v v
1.3 Coke ovens v VAR A
2. Production 2.1 Metal ore roasting or v v* v*
and processing sintering
of ferrous metals
2.2 Pig iron or steel > 2.5 Te/hr v v* v
production including
continuous casting
3. Mineral 3.1 Cement clinker or Clinker v
industry lime production >500
Te/day; lime
>50 Te/day
3.2 Glass manufacture >20 Te/day v
including glass fibre melting
capacity
3.3 Ceramic products by ~ >75 Te/day v
firing or >4m° kiln
capacity @
>300 kg/m®
setting
density
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Greenhouse Gas Emission®

Sector/ ; Sub-Sector/Process Threshzold
Activit Size
y CO. CH: N,O HFCs PFCs SFs®
4. Other 4.1 Pulp production v
activities from timber or other
fibrous materials
4.2 Paper and board >20 Te/day v
production
5. Additional 5.1 Oil & gas platforms VAR A
activities
5.2 Gas transportation VAR
pipelines
5.3 Mining VAR
5.4 Chemical processes VAR A 4 v v*
5.5 Waste incineration v v v
5.6 Non-ferrous metals v v v* v*
5.7 Landfill v I
5.8 Wastewater handling VAR AR A
Notes:

1 Activities 1 to 4 are those listed in Annex | of the EU ETS Directive COM(2001)581. Activity 5 covers the additional
sectors which are considered to be significant GHG sources based on data from the National Atmospheric
Emissions inventory (NAEI) and from recent climate change studies (e.g. Entec 2004).

2  The threshold size defines which installations are included in the EU ETS based on total production capacities or
outputs at an individual site or installation.

3  SFs emissions from the activities listed are negligible.
Key: v Greenhouse gas emission source which is already covered by Annex | of the Directive.

v * Greenhouse gas emission source which is significant based on available UK GHG inventory data and
therefore could potentially be included in future revisions of Annex |.

14.2 Brief Consideration to Potential Benchmarks for
Non-CO, GHG Emissions

14.2.1 Introduction

In general terms, it is considered technically possible to develop an allocation method using
benchmarks for non-CO, sources. The form of the allocation equation would be similar to that
for CO, emissions, with a focus towards output based approaches where possible, as follows:

Allocation (e.g. tCHs;) = Capacity (e.g. t product) * Load factor (%)/100 * Benchmark
emission factor (e.g. tCHaJ/t product)

Separate allocations would have to be made for CHy, N,O and the F-gases. Each sector would
have a different benchmark emission factor, taking into account the processes involved and the
definition of BAT for that sector. Detailed work would be required to develop these
benchmarks and changes to Annex I of the EU ETS Directive may be required to incorporate
the key sources of non-CO, emissions. Another consideration is the threshold size of a site or
installation in order to ensure that only the most significant sites are captured. However, based
on a first assessment of available data, the potential to develop these benchmarks is summarised
below.
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14.2.2 Methane (CH,)

Methane is already included in the UK ETS and in certain sectoral Climate Change Agreements
(CCAs). However, it is not currently included in the EU ETS but could potentially be brought
into phase II. The key UK sources of methane emissions based on the NAEI are:

* The energy industries (public power, coal mining and oil & gas extraction) which
contributed 34% of total UK CH, emissions in 2001;

» The waste processing industries (landfill and wastewater handling) which
contributed 24% of total UK CH, emissions in 2001; and,

* Agricultural sources (cattle, manure) which make up the remaining 42% of UK
total emissions in 2001 but are unlikely to be included in the EU ETS in future.

Based on the above information and reference to the UK ETS, CCAs, relevant sector BREFs
and guidance from the IPCC, the potential for benchmarks is summarised in the table below.

Table 14.4 Summary of Potential for Development of Benchmarks for Methane Emissions

Sector Possible Basis of Capacity Indicator Possible Possible Basis of
Basis of Load = Benchmark Emissions
Factor Factor
Power stations MW thermal input capacity Based on BAT emission factor from
technology type BREF for each fuel type
Oil & gas Capacity of oil platform in million barrels or Individual value  Emission factor representing
extraction oil or m® gas per day for each platform industry best practice
Coal mining Million tonnes coal production per day Individual value  Emission factor representing
capacity for each mine industry best practice
Landfill Tonnes of waste disposal capacity per day Individual value Industry best practice to
for each site minimise fugitive emissions

taking into account flaring
and use of methane in CHP

Wastewater Volumetric capacity (Ml/day) of works to Industry average Industry best practice to
handling handle wastewater value minimise fugitive emissions
taking into account flaring
and use of methane in CHP

It is noted that not all sites in the sectors listed above currently report their methane emissions
although monitoring and reporting methods do exist.

14.2.3 Nitrous Oxide (N2O)

Nitrous oxide is already included in the UK ETS and in certain sectoral Climate Change
Agreements (CCAs). However, it is not currently included in the EU ETS but could potentially
be brought into phase II. The key UK sources of N,O emissions based on the NAEI are:

* Public power which contributed 9% of total UK N20O emissions in 2001;
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e The chemical industry (adipic acid and nitric acid plants only) which contributed
13% of total UK N20O emissions in 2001;

* Wastewater handling which contributed 3% of total UK N20O emission in 2001;
and,

* Road transport and agricultural sources (cattle, manure) which make up the
remaining 75% of UK total emissions in 2001 but are unlikely to be included in the
EU ETS in future.

Based on the above information and reference to the UK ETS, CCAs, relevant sector BREFs
and guidance from the IPCC, the potential for benchmarks is summarised in the table below.

Table 14.5 Summary of Potential for Development of Benchmarks for Nitrous Oxide Emissions

Sector Possible Basis of Capacity Indicator Possible Possible Basis of

Basis of Load Benchmark Emissions
Factor Factor

Power stations MW thermal input capacity Based on BAT emission factor from
technology type BREF for each fuel type

Chemicals Nameplate capacity of adipic acid or nitric Individual value  Emission factor representing

acid plant for each plant BAT from sector BREF
Wastewater Volumetric capacity (Ml/day) of works to Industry average  Industry best practice based
handling handle wastewater value on measures to minimise

N.O formation

It is noted that not all sites in the sectors listed above currently report their N,O emissions
although monitoring and reporting methods do exist.

14.2.4 Fluorinated gases (HFC, PFCs and SF)

HECs are already included in the UK ETS and in certain sectoral Climate Change Agreements
(CCAs). However, none of the F-gases are currently included in the EU ETS but could
potentially be brought into phase II. The key UK sources of fluorinated gas emissions (in terms
of carbon equivalents) based on the NAEI are:

» The production of halocarbons (HFCs and PFCs) in the chemical industry, which
account for 38% of total UK F-gas emissions in 2001;

e The consumption of halocarbons (e.g. use in refrigeration equipment) across a
number of industries, which account for 55% of total UK F-gas emissions in 2001;
and,

e The metal production industries (e.g. aluminium smelters) which contributed the
remaining 7% of total UK F-gas emissions in 2001.

Based on the above information and reference to the UK ETS, CCAs, relevant sector BREFs
and guidance from the IPCC, the potential for benchmarks is summarised in the table below.
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Table 14.6  Summary of Potential for Development of Benchmarks for Fluorinated Gas Emissions

Sector Possible Basis of Capacity Indicator Possible Possible Basis of
Basis of Load = Benchmark Emissions
Factor Factor
Chemicals Nameplate capacity of HFC plant Individual value  Emission factor representing
for each plant BAT from sector BREF,
taking into account offgas
abatement
Refrigeration Thermal capacity of refrigeration unit Based on Industry best practice based
units technology type on measures to minimise

HFC release during
maintenance

Metal Nameplate capacity of smelter or furnace Individual value  Emission factor representing
production for each plant BAT from sector BREF,
taking into account offgas
abatement

It is noted that not all sites in the sectors listed above currently report their fluorinated gas
emissions although monitoring and reporting methods do exist.
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