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Exploring the ancillary benefits of the Kyoto Protocol for air pollution in Europe

Executive summary

Many of the traditional air pollutants and
greenhouse gases have common sources and
either separately or jointly they lead to a
variety of environmental effects on local,
regional and global scales. As a result,
policies that look at cost-effectiveness and
environmental effectiveness of proposed
solutions in an integrated way can be more
effective and efficient than policies that only
focus on one issue, as integration can prevent
inefficient use of resources and
implementation of sub-optimal solutions.

Objective/scope

Our objective here is to explore reductions of
air pollutant emissions as well as the change
in control costs and environmental impacts
(the potential 'ancillary benefits’) resulting
from different ways of implementing the
Kyoto Protocol in Europe, in particular with
reference to the use of Kyoto mechanisms.
The term 'Kyoto mechanisms’ refers here to
all instruments that, in addition to domestic
implementation, parties are allowed to use
under the protocol to achieve their reduction
targets. These instruments are: emission
trading, joint implementation (JI) and the
clean development mechanism (CDM). The
results presented have a descriptive ‘'what-if’
character and do not intend to be
prescriptive for any future implementation of
the Kyoto Protocol and air pollution policies.
Furthermore, we need to emphasise that all
our scenarios concentrate exclusively on the
reduction of CO, emissions, CO, being, by
far, the most important greenhouse gas.
Possibilities for reducing other gases (CH,,
N,O, HFCs, PFCs and SF) are not

considered.

This technical report underpins the
information presented in the report
‘Europe’s Environment: the third
assessment’, produced by the European
Environment Agency for the ministerial
conference held in Kiev, May 2003.
Compared to the information presented in
Europe’s Environment: the third assessment this
report provides a more indepth presentation
of the used methodology, models and the
underlying assumptions. Furthermore this
technical report elaborates on the details of
the results. The discussion focuses primarily

on three country groupings/regions: western
Europe (WE), central and eastern Europe
(CEE) and Russian Federation and western
countries of eastern Europe, Caucasus and
central Asia countries (here denoted

RF & EE). Results for individual countries, as
shown in the annexes, are mainly for
illustration since analysis of climate policies
takes place at the regional level.

Methodology

Three scenarios for the implementation of
Kyoto targets are compared with a baseline
scenario for 2010 (without new climate
policies). The three scenarios differ with
regard to the use of the Kyoto mechanism.
These were developed and explored using a
set of linked assessment models developed by
RIVM in the Netherlands and ITASA in
Austria. The Kyoto Protocol targets have
been implemented according to the post-
Marrakech Amendments situation. The three
scenarios have been designed to cover a
range of potential ancillary benefits for the
main region investigated.

The baseline scenario describes the
developments in energy use and emissions of
greenhouse gases and regional air pollutants,
assuming that no new climate policies are
implemented. The baseline scenario used in
this study is consistent with several other
scenarios currently used for European
assessments.

The three climate policy scenarios prepared
for the report are:

1. domestic action only (DAO): assumes that
Kyoto targets are met solely through
domestic implementation, allowing only
for internal emission trading (e.g. within
the EU),

2. trade — with no use of surplus emission
allowances (TNS): assumes full use of the
Kyoto mechanisms, but without using
‘surplus emission allowances’. These
‘surplus emission allowances’ exist as
greenhouse gas emissions in many CEE
and RF & EE countries are projected as
being well below their Kyoto targets, even
without specific climate policies. Thus,
under this scenario, part of the reduction



by the parties required to reduce their
emissions under the Kyoto Protocol
(i.e. WE) is met by means of emission
trading, JI and CDM,

3. trade — with surplus emission allowances
(TWS) also assumes full use of Kyoto
mechanisms, but includes the use of
‘surplus emission allowances’. This ‘surplus
emission allowances’ use is, however,
restricted on the basis of maximising the
revenues of their trade for the CEE and
RF & EE regions, leading to the use of only
a quarter of the available 'surplus emission
allowances' during the first comment
period.

Results

Baseline scenario without additional climate
policies

The baseline scenario shows that if no
additional climate policies are formulated
after 2000, CO, emissions in WE will increase
by 8 % compared to 1990. The projected
increase in CO, emissions is mainly driven by
an increase in energy consumption, which
for WE in 2010 is about 15 % above the 1990
level. In contrast, according to the baseline
scenario the 2010 emissions in the CEE and
RF & EE regions are below the 1990 level.
(=10 % and - 32 %, respectively). This
means that these regions already comply with
their respective reduction targets without
additional policies. For all three regions,

emissions decrease by 7 % compared to 1990.

For regional air pollutants, the baseline
scenario includes emission and fuel
standards in each country according to the
current legislation (CLE) (!) and emission
ceilings from the National Emission Ceilings
Directive of the EU and the Gothenburg
Protocol to the CLRTAP. As a result,
emissions of sulphur dioxide, nitrogen
oxides, volatile organic compounds and
particulate matter decrease in all sub-regions
compared to 1990. However, at the same
time, adverse impacts from this regional air
pollution will continue to exist.

Climate policy scenarios and consequences
for energy use

In the three-climate policy scenarios
presented in the report — all meeting the
European Kyoto targets but using different
instruments — reduction of CO, emissions
leads to substantial changes in primary
energy use.
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The DAO (domestic action only) scenario
results in the most drastic changes in western
Europe. Reducing 2010 CO, emissions from
an increase of 8 % (compared to 1990) to a
decrease of 7 % results in decrease of
primary energy consumption of 7 % with
respect to the baseline. However, the use of
coal in western Europe decreases by 38 %
whereas the consumption of oil and gas
decreases by 9 % and 2 %, respectively. In
this scenario, no changes occur in the CEE
and RF & EE regions compared to baseline,
since their Kyoto targets are already met
under the baseline scenario.

Under the two ‘emission trading’ scenarios
(i.e. the scenarios that assume the use of
Kyoto mechanisms) part of the necessary
emission reductions in WE is implemented
using more cost-effective measures in other
sub-regions. In these cases, obviously less
substantial changes in WE are required,
while, at the same time, this leads to changes
in the energy system of CEE and RF & EE.

In the TNS scenario (i.e. without the use of
‘surplus emission allowances’) total primary
energy consumption in WE decreases by 2 %
and coal use by 21 % with respect to the
baseline. While consumption of oil decreases
3 %, the use of gas increases simultaneously
by the same percentage. Measures that are
implemented in CEE and RF & EE cause a
drop in the primary energy demand in these
regions by 4 % and 9 %, respectively. Again,
this is largely due to less use of coal (23 % in
CEE and 32 % in RF & EE). Interestingly, for
Europe as a whole, the CO, emission
reductions are the same as in the DAO
scenario (6 % compared to baseline). This is
because the limited use of CDM by WE
(resulting in measures taken outside Europe)
is compensated by reductions in CEE and
RF & EE as a result of trading with other
Annex-B countries.

In the TWS scenario, the changes in primary
energy in all three European regions are
somewhat less than in the TNS scenario, as
some of the required reductions are now met
using surplus emission allowances.
Nevertheless, here too, demand for coal
decreases substantially (14 % in WE, 17 % in
CEE, and 26 % in RF & EE). Under this
scenario, European CO, emissions decrease
by 4 % compared to baseline, again
somewhat less than the other two scenarios.

(1) The impacts are assessed for the year 2010 and include policies as decided per December 2001.
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Changes in emissions resulting from climate
policies

Since climate policies result in a reduction in
energy use, particularly coal, they also reduce
the emissions of air pollutants as shown in
Figure I. The graphs reveal ‘ancillary
benefits’ to be significant, but also show clear
differences between the scenarios that are all
based on meeting the European Kyoto
targets.

In general, ancillary benefits from climate
policies are highest for SO,, followed by
PM,,, NO,, and lowest for VOC. The strong
link between CO, and SO, results from the
strong influence of decreased coal use for
emissions of both compounds. This link is
particularly strong in CEE and RF & EE
countries (as current emission standards for
SO, are less strict). NO_ emission reductions
are less strongly coupled to changes in fuel
mix and occur mainly due to implementation
of energy efficiency options.

Figure I also shows the DAO scenario to yield
only ancillary benefits in WE, as this scenario
only includes additional action in this region
to reach its Kyoto targets.

In the trading scenarios, the implementation
of a significant share of the required CO,
emission reductions in CEE and RF & EE
(based on the lower implementation costs)
also implies that some of the ancillary
benefits are shifted from WE to the CEE and
RF & EE regions. Interestingly, for Europe as
a whole, the trading scenarios (TNS and
TWS) actually lead to higher ancillary
benefits than the DAO scenario. The reason
is that carbon emission reductions have a
strong effect on SO, emissions in CEE and
RF & EE (again due to less stringent
environmental policies, but also due to a
larger share of coal in primary energy use in
CEE). The same result can be seen for PM,,,.
The effect of climate policies, including the
use of trading instruments, is less than for
NO..

Assuming the use of ‘surplus emission
allowances’ (the TWS scenario versus TNS
scenario) means that fewer changes in the
energy system will be required. This also
means lower emission reductions of air
pollutants, e.g. the reduction of SO, emission
is 10 %, and not 14 %, as in the TNS
scenario.

Figure |
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Control costs

Climate policies obviously cost money.
However, from our analysis, it is shown that
these policies do not only lead to emission
reductions but also to a reduction in control
costs of regional air pollution (i.e. fewer
control measures are needed to meet the
reduction targets of these gasses). The
ancillary benefits in terms of reduced control
costs are very substantial and partly offset the
direct costs of climate policies (Figure II).

Estimating costs of future policies is beset
with uncertainties, and currently, different
cost concepts are used frequently in various
studies. In this study too, caution should be
exercised in comparing costs calculated for
the different models, (climate policy and air
pollution models). Nevertheless, the results
can be used to obtain an indication of the
relative size of costs and savings under the
different scenarios.

The three climate policy (Kyoto) scenarios
involve significant costs for implementing the
climate policies. In this study, these climate
policy costs are estimated at EUR 12 billion
for the DAO scenario (domestic action in
WE). In the two trading scenarios, the costs
are significantly reduced, to 7 and 4 billion
for the TNS and TWS scenario, respectively,
by using Kyoto instruments.

The corresponding changes in the energy
system in the DAO scenario lead to
considerable savings in control costs for air
pollutants: 7 % or EUR 6.6 billion per year

Executive summary

(in WE only). The substantial changes in WE
energy system reduce the need to use
relatively high-cost emission reduction
measures to meet the strict air pollution
control targets of this region. The TNS and
TWS scenarios involve somewhat lower
savings: 5 % (EUR 4.1 billion per year) and
3 % (EUR 2.5 billion per year), respectively.
In these scenarios, air pollution control cost
savings for WE are reduced by EUR 3-5
billion per year. At the same time, savings in
CEE and RF & EE now amount to EUR 0.2 to
0.9 billion per year. The savings in per cent
compared to baseline control costs for CEE
and RF & EE are substantial, ranging from
5-9 % (Figure II). Thus, similar to emission
reduction, the use of Kyoto mechanisms also
shifts some of the air pollution control cost
savings from WE to CEE, and RF & EE.

This analysis indicates that a substantial part
of the control costs of CO, reduction can
actually be recovered from reduced costs of
controlling air pollution. Quantitatively, this
saving could amount to 50 % of the costs to
implement the Kyoto Protocol. However, it
should be noted that more research is
needed to further harmonise cost estimates
of different models used in this analysis.
Clearly, while flexible mechanisms in our
scenarios reduce the costs to meet the Kyoto
targets, they also reduce the savings in air
pollution control costs. From a purely
financial perspective, the resulting total cost
savings may still favour the scenarios
including the use of Kyoto mechanisms.

Change in annual control costs for air pollutant emission in 2010 compared to the baseline scenario (%)
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Impacts on ecosystem and human health
The air pollutant emission reductions
resulting from climate policies also increase
ecosystem protection against acidification
and eutrophication throughout Europe.
These reductions will also lead to reduced
ambient concentration of ground-level ozone
and therefore reduced exposure of
vegetation and population.

Our results showed earlier that the trading
scenarios (in particular, the TNS scenarios)
lead to the largest emission reduction of air
pollutants for Europe as a whole. This result
is reflected in our results for environmental
impacts. However, in addition to this, due to
the transboundary nature of air pollution the
trading scenarios (TNS and TWS) also lead
to substantial improvements in
environmental impacts in WE even
compared to the DAO scenario.

Qualitative conclusions

¢ Implementation of climate change policies
to comply with the Kyoto Protocol is likely
to yield substantial ancillary benefits for air
pollution in Europe.

— The ancillary benefits are expected to
result not only in a decrease in air
pollution emissions and control costs
but an increase in environmental
protection.

Exploring the ancillary benefits of the Kyoto Protocol for air pollution in Europe

* The realisation of ancillary benefits
depends on how the flexible mechanisms
and surplus emission allowances are used in
meeting the Kyoto targets.

— For Europe as a whole, the use of
Kyoto mechanisms for meeting WE's
Kyoto target (JI, emission trading) can
increase the ancillary benefits in terms
of reductions of regional air pollutants
and related environmental impacts.

— Using surplus emission allowances will
reduce these ancillary benefits, in
particular for CEE and Russia, and
western NIS.

— Using flexible mechanisms will shift
ancillary benefits in terms of emission
reductions of air pollutants from WE
to CEE, and RF & EE.

¢ The use of flexible mechanisms and surplus
emission allowance is intended to, and will,
reduce the costs of implementing the Kyoto
Protocol. However, using flexible
mechanisms will also reduce the ancillary
benefits in terms of control cost for air
pollution in Europe.

* An integrated approach to climate change
and regional air pollution policies could be
important to harvesting potential ancillary
benefits in the future.



1. Introduction

Environmental policies aimed at mitigation
of environmental impacts in one area can
have significant effects on other aspects of
environmental quality. Therefore, policies
need to look at cost-effectiveness and
environmental effectiveness of proposed
solutions in an integrated way, taking into
account the effects on different
environmental issues and sectors. Such
integration prevents inefficient use of
resources and implementation of sub-
optimal solutions.

The Protocol to the 1979 Convention on
Long-range Transboundary Air Pollution to
Abate Acidification, Eutrophication and
Ground-level Ozone, the so-called
Gothenburg Protocol (UN/ECE, 1999), is a
good example of how several environmental
problems can be examined in an integrated
way. Emission ceilings adopted by the
protocol can realise important efficiency
gains for simultaneously controlling
acidification and eutrophication risks, and
ground-level ozone concentrations.

Important links have been established
between regional air pollution and climate
change, although these are currently hardly
considered in policy-making (e.g. RIVM,
EFTEC et al., 2001; Syri, Amann et al., 2001;
Mayerhofer, de Vries et al., 2002; Van
Harmelen, Bakker ef al., 2002). First, some
substances directly influence both climate
change and regional air pollution, for
instance, sulphur dioxide (SO,) and nitrogen
oxides (NO,). Second, the emissions of
greenhouse gases and regional air pollutants
originate to a large extent from the same
activity, i.e. fossil fuel consumption. Third,
technologies for the abatement of one
pollutant may also affect the emissions of
other pollutants, either beneficially or
adversely (e.g. the use of car catalytic
converters decreases the nitrogen oxide
(NO,) emissions but increases emission of
the greenhouse gas nitrous oxide (N,O)).
Fourth, environmental effects may influence
one another. Climate change, for instance,
changes the weather patterns and thus the
transport of pollutants and the buffering
capacity of soils (Posch, 2002) (?). At the
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same time, SO, emissions are important for
climate change due to their cooling effect.
Despite these linkages, both types of
problems have, to date, usually been
explored separately using different tools and
models, concentrating on different technical
solutions. For instance, while greenhouse
gases analysis focuses on changes in the
energy system, the analysis of atmospheric
pollutants concentrates mostly on end-of-
pipe technologies.

Recently, several studies have been published
on the linkages between (policies for)
climate change and regional air pollution in
Europe. Van Harmelen et al. (2002)
concluded that a considerable share of the
investments in climate policies throughout
the 21* century will be recovered by lower
costs on pollution control for sulphur
dioxide and nitrogen oxides. Brink (2002)
indicated that strategies aiming at
simultaneous reduction of greenhouse gases
and regional air pollutants in the agricultural
sector may differ significantly from strategies
aimed at only one of the problems. In the
European Environmental Priority Study for
western Europe (RIVM, EFTEC et al., 2001),
addressing ancillary benefits between
implementing the Kyoto Protocol and
regional air pollution, it was found that
reducing the western European emissions by
8 % from 1990 levels would reduce costs for
regional air pollution control by almost 10 %.
Similar (but more qualitative) results have
been found for the whole of Europe
(including central and eastern Europe) in an
assessment looking into targets significantly
more ambitious than the Kyoto targets (Van
Vuuren and Bakkes, 1999).

The Kyoto Protocol and the Marrakech
Accords provide for three mechanisms,
known as the Kyoto mechanisms and cited
below. Parties may use these mechanisms in
addition to domestic implementation to
facilitate compliance with their
commitments.

¢ Joint Implementation (JI) allows Annex-1
countries to conduct emission reduction
projects jointly. The mechanism invites

(2) The typology of the different linkages is based on Brink (2002).



parties to invest in projects to reduce GHG
emissions in other Annex-1 countries. The
achieved emission reduction units can be
used to fulfil the reduction commitments of
the investing party.

¢ The clean development mechanism (CDM)
invites Annex-1 countries to invest in
projects to reduce GHG emissions in non-
Annex-1 countries. According to the
reduction achieved, certified emission
reduction units are issued that Annex-1
countries can use to fulfil their
commitments.

¢ Emission trading (ET) allows Annex-1
countries to trade emission allowances
among themselves.

Current emission projections suggest that
implementation of the Kyoto Protocol will
require a significant abatement effort by the
western European countries (EEA, 2002).
For most central and eastern European
countries, the Kyoto target is higher than or
close to the level of emissions that will be
reached without policies, mainly as a result of
the economic restructuring in these
countries following the transition process.
Since the Kyoto Protocol allows all Annex-1
parties to fulfil their obligations, partly, by
means of the Kyoto mechanisms, emission
reduction required to reach the target for
western Europe may also take place in other
countries, especially in central and eastern
Europe and in Russia.

Exploring the ancillary benefits of the Kyoto Protocol for air pollution in Europe

A special feature here is the possibility for
trade in so-called ‘surplus emission
allowances’ (see also Elzen and Moor, 2002).
The emissions for most countries with
economies in transition have declined
substantially since 1990 and, as a result, the
expected baseline emissions (without
additional climate policies) of several of
these countries in the first commitment
period (CP) are significantly lower than the
Kyoto targets. According to the provisions of
the Kyoto Protocol, this surplus can be
traded to other parties. Countries with the
largest surplus of emission allowances are
Russia and Ukraine. The difference between
the Kyoto target and the baseline emissions is
referred to as ‘surplus emission allowances’
throughout this report.

Clearly, differences in the way the Kyoto
targets are implemented (in terms of use of
Kyoto mechanisms) also affect the potential
ancillary benefits for air pollution in terms of
emissions, control costs and environmental
impact. In principle, shifting some of the
emission reductions in greenhouse gases
from western Europe to central and eastern
European countries also shifts the ancillary
benefits. However, there are no ancillary
benefits from meeting climate targets by
using surplus emission allowances. To date,
studies have not addressed how
implementation of the Kyoto targets in the
whole of Europe will affect regional air
pollution in terms of emissions, control costs
and environmental impact.



Objective and scope

2. Objective and scope

The objective of this report is to explore the
emission reductions of air pollutants and
change in control costs and environmental
impacts forthcoming from different ways in
which the Kyoto Protocol is implemented in
Europe, in particular with regard to the use
of Kyoto mechanisms. It should, however, be
noted that, given the stage of this type of
research, quantitative results should be seen
as indicative. In particular, this refers to
assessing the costs of individual policies. The
results presented are of a descriptive ‘what-if’
character and do not intend to be
prescriptive for any future implementation of
the Kyoto Protocol and air pollution policies.

As this technical report underpins the pan-
European environment report produced by
the European Environment Agency for the
ministerial conference to be held in Kiev in
May 2003, the discussion will focus primarily
on three country grouping/regions. These
are western Europe (*) (WE), central and
eastern Europe (*) (CEE), Russian
Federation and western countries of eastern
Europe, Caucasus and central Asia countries
(RF & EE) (°). Results for individual
countries, shown in the annexes, are mainly

included for illustrative purposes since the
analysis of climate policies has been
performed at the large region level. At this
stage, the study is restricted to carbon
dioxide (CO,), leaving the remaining five
greenhouse gases covered by the Kyoto
Protocol unaddressed.

The analysis was performed using a set of
linked models that collectively simulate
different ways of achieving the Kyoto targets
for climate change and targets for
controlling regional air pollution. The
impacts of climate change scenarios are
explored by comparing emission control
costs and environmental impact indicators.
Chapter 3 will describe the methodology and
the models used in the analysis, while
Chapter 4 will discuss the baseline scenario
and demonstrate the corresponding
emissions and their impacts on regional air
pollution. The results of three mitigation
scenarios are introduced and their effects
compared with the results of the baseline
scenario. The remainder of the report is
devoted to the interpretation of the results
and discussion of the conclusions.

(3) WE includes: EU15+Norway and Switzerland. In this study: WE excludes Iceland, Liechtenstein, Andorra,

Monaco and San Marino.

(4) CEE includes: Albania, Bosnia-Herzegovina, Bulgaria, Czech Republic, Croatia, Estonia, FYR Macedonia,
Hungary, Latvia, Lithuania, Poland, Romania, Serbia and Montenegro, Slovak Republic, Slovenia. In this study

CEE does not include Cyprus, Malta and Turkey.

(5) RF & EE includes: Belarus, Republic of Moldova, Russian Federation and Ukraine. Only the part of Russia
west of the Urals is included in this study (corresponding to the part covered by the EMEP region

(www.emep.int)).

1



3. Methodology

As already indicated in the previous section,
this report explores the effects of
implementing the Kyoto Protocol in Europe
on the basis of different assumptions for
using the Kyoto mechanisms. So as to cover a
range of potential ancillary benefits for the
main region investigated, this study explores
three mitigation scenarios in which Kyoto
mechanisms are used in different ways to
reach the Kyoto targets.

The scenarios explored are:

¢ pure domestic implementation, allowing
only internal emission trading within the
three European sub-regions;

¢ full use of Kyoto mechanisms, but without
use of ‘surplus emission allowances’; and

¢ full use of Kyoto mechanisms, however,
assuming that a large share of the ‘surplus
emission allowances’ will be banked to
optimise the revenues of the selling
parties (°).

These scenarios are elaborated upon in detail
in Chapter 5. In this chapter, the ancillary
benefits from the mitigation scenarios are
derived by comparison with a baseline
scenario that does not include any explicit
climate change policies. The results included
in the analysis are concerned with trends in
emissions, the parts of ecosystems not
protected against damage from acidification
and eutrophication and air quality
exceedance targets for ozone. Control costs
for different scenarios are also addressed,
both for the policies to reduce greenhouse
gases and for emission control costs of
regional air pollution.

We should note here that the results of the
study should be seen as explorative in
ascertaining the ancillary benefits in the

Exploring the ancillary benefits of the Kyoto Protocol for air pollution in Europe

larger European regions, emission control
costs, climate policies and air pollution
control. The costs calculated by different
models should be compared with caution
since they stem from different modelling
traditions (in fact, even within the two
research areas cost estimate ranges are
considerable).

3.1. Model framework used
Assessment models to study climate change
and regional air pollution have often been
developed independently. This study
integrates the different research areas by
linking models that address climate change
issues (FAIR and the energy model IMAGE/
TIMER) (7) and regional air pollution
(RAINS) (8) (Figure 3.1). Within the total
framework:

¢ The FAIR modelis used to calculate the use
of Kyoto mechanisms and domestic action
to achieve the Kyoto targets given a certain
trading regime.

¢ The TIMER model is used to develop a
baseline scenario for the study and to
implement the outcomes of FAIR in terms
of changes in the energy system (mitigation
scenarios).

® The RAINS model is used to calculate
emissions of air pollutants for the scenarios
and to explore their environmental
impacts. Indicators used to address
environmental impacts are ecosystem
protection against acidification and
eutrophication, and the exceedances of
critical thresholds for ozone. The costs of
emission control policies are determined
and compared as well.

(6) Banking is used here in a catch-all. A promising area for further research would be to examine the options for
permit suppliers to curtail supply and analyse strategies for exercising market power. A policy of optimal
banking would, ideally, also have to consider permit prices in future period commitments to be inter-
temporally optimal. As targets for the second commitment period and beyond are as yet unknown and
uncertain, optimal banking is interpreted as maximising revenues in the first commitment period.

(7) Both FAIR and TIMER constitute part of the IMAGE 2.2 framework (integrated model to assess the global
environment) — a modelling framework to study global change issues

(8) For western Europe, earlier links were made between the Primes energy model and the RAINS model to
bridge these two different areas of policy-making. The Primes model, however, only encompasses western
European countries, which was the reason for choosing the global energy model TIMER for this study.
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Overview of the models used in this study

Figure 3.1
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3.2. Description of the models used

3.2.1. The FAIR model

The FAIR model (Framework to Assess
International Regimes for differentiation of
future commitments) was designed to
quantitatively explore the outcomes of
different burden sharing and trading regimes
in terms of possible environmental and
economic impacts. FAIR is a decision-support
tool that uses expert information from more
complex models (in particular, IMAGE),
such as emission baselines and marginal
abatement costs curves. In this study FAIR
was used to determine the results of different
assumptions on the use of Kyoto
mechanisms. The basic assumption of the
model is that regions will reach their
emission reduction commitments on the
basis of least cost. Extensive documentation
of the FAIR model can be found in Elzen and
Both (2002). Previous analysis assessments
performed using FAIR evaluating different
trading regimes under the Kyoto Protocol
have been described in Elzen and Moor
(2002).

The basis of the FAIR calculations is formed
by marginal abatement cost (MAC) curves,
which reflect the additional costs of reducing
the last unit of carbon and differ per region.
The MAC curve-based calculations allow an
assessment of the willingness of any party to
import permits or to abate more than is
required to meet the Kyoto commitment and
sell permits. The calculations can simulate a
fully open permit market but also include
constraints on buying and selling emission
permits, for example, by only allowing
domestic actions. Calculations can also
account for non-competitive behaviour
(restraining the number of permits based on
the surplus emission allowances) and limit
the implementation of some cost-efficient
measures. The last option is used particularly
for the clean development mechanism
(CDM), in which the supply of CDM is set at

A
baseline regional GHG

and consumption RAI N S

Co, SO, NO, NH; PM10
Acidification
Eutrophication
Ozone

10 % of the theoretical maximum to reflect
the limited operational availability of viable
CDM projects. In other words, not all cost-
effective projects in non-Annex-A countries
(according to the MACs) will be available for
use as CDM projects.

The Kyoto targets are calculated per region
on the basis of the Marrakech Agreements
and the 1990 CO, emission estimates. Each
region is assumed to fully use the carbon
credits granted to it on the basis of Articles
3.3 and 3.4 (forest and agricultural
management activities) of the Kyoto
Protocol, as estimated by FAO (see Elzen and
Both, 2002). The reason for this is that sink
credits are assumed to be more cost-effective
than credits from emission reduction. In
addition, each country is assumed to use its
maximum-allowed credits from sink projects
via CDM (a maximum of 1 % of the assigned
amounts).

3.2.2. The TIMER model

The energy system model, TIMER (Targets
IMage Energy Regional Model), has been
developed to simulate long-term energy
baseline and mitigation scenarios and
explore the long-term dynamics of the
energy system. The model describes the
investments in, and the use of, different types
of energy options influenced by technology
development (learning-by-doing) and
depletion. Inputs to the model are
macroeconomic scenarios and assumptions
on technology development, preference
levels and fuel trade. The output of the
model demonstrates how energy intensity,
fuel costs and competing non-fossil supply
technologies develop over time. The model
recognises 17 world regions, 5 different end-
use sectors, several different energy-
producing sectors and about 10 energy
carriers. The electricity generation sub-
model includes production options based on
hydropower, nuclear energy, renewables and
different fossil fuels. The model is linked to



an emission module that relates energy use to
emissions of various greenhouse gases. The
TIMER model has been described in detail in
Vries et al. (2001). TIMER is incorporated
into the IMAGE integrated assessment
framework to study global change. An
important reason to use the TIMER model in
this research is that it is a global energy
model: i.e. it covers the whole of Europe, in
contrast to the more detailed energy models
used in earlier exercises that only covered
part of the region.

Implementation of CO, mitigation is
generally modelled on the basis of price
signals. A tax on carbon dioxide (carbon tax)
is applied to bring down carbon emissions
from the energy system. It should be noted
that TIMER does not account for any
feedback from the energy system to
economic drivers. In response to the carbon
tax, the model generates several responses:

1. price-induced investments in energy-
efficiency, which, in turn, affect the
energy-efficiency supply cost curve as a
result of learning-by-doing (economies of
scale, innovation);

. price-induced fossil fuel substitution;

3. changes in the trade patterns of (fossil)
fuels as a consequence of changing
demand patterns and regional fuel prices;

4. price-induced acceleration of investments
in non-fossil options such as wind/solar
energy, nuclear energy and biofuels,
bringing down their specific investment
costs in the process of learning-by-doing;

5. a decrease in the use of fossil fuels (as a
result of the responses discussed above),
leading to slower depletion rates and
consequently lowers prices but also to a
lower rate of innovation in the production
of these fuels (slowing down learning-by-
doing).

N

TIMER simulates a variety of technological
and economic changes in the energy system
in response to the requirement to reduce
CO, emissions. Differences in energy system
costs between scenarios are used as a
measure for costs of CO, mitigation, defined
as the product of energy consumption, and
the costs of energy production and
consumption, plus the annuitised
expenditures for energy efficiency. Costs of
(aggregated) energy technologies used by
the model are calibrated for the base year
using historical data (see Vries et al., 2001). It
should be stressed that total system costs are
not directly related to the costs of a single
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measure because each option induces
changes in the costs of other parts of the
system. Investing in energy efficiency, for
instance, reduces the costs of energy
production and also accelerates the learning
of energy-efficiency technology. Costs of air
pollution control equipment are not
included in the energy system costs of
TIMER.

TIMER is an energy system model, focusing
on the supply and demand of energy, but not
on feedbacks to the general economy. In this
sense, the model is similar to the Primes
model. Important differences between the
Primes and TIMER models are the levels of
scale and time period for which the models
are usually run. While TIMER is a long-term,
worldwide energy model focusing on 17
global regions, the Primes model focuses on
medium-term projections for individual
countries within the European Union.
Related to this, the level of detail in Primes is
significantly larger than in TIMER (e.g. 10
versus 24 fuel types, and there are larger
differences for the number of technologies
considered in the electricity sector). Another
difference between the two models is the
data used for model calibration (EuroStat for
Primes versus International Energy Agency
for TIMER). The two models report
generally on the same output variables. As
this study not only encompasses the western
European region, but also the other
European regions, the global energy model
TIMER was chosen for this study.

3.2.3. The RAINS model

The Regional Air Pollution Information and
Simulation (RAINS) model provides a
consistent framework for the analysis of
emission reduction strategies within Europe
(Amann, Cofala et al., 1999). The model
makes it possible — for a given scenario of
economic development — to estimate the
costs and environmental effects of emission
control policies. A non-linear optimisation
mode is used to identify the cost-minimal
combination of measures, taking into
account regional differences in emission
control costs and atmospheric dispersion
characteristics. The model covers all
pollutants relevant for acidification,
eutrophication and formation of ground-
level ozone (sulphur dioxide (SO,), nitrogen
oxides (NO,), ammonia (NH;) and non-
methane volatile organic compounds
(VOC)). Recently, a module that estimates
the emissions of particulate matter (PM)
from anthropogenic sources was added to



the model (compare Klimont, Cofala et al.,
2002). PM is estimated separately for the fine
fraction (PM, ; — particles with aerodynamic
diameter smaller than 2.5 m), coarse fraction
particles (between 2.5 and 10 m) and total
suspended particles (TSP). The sum of
emissions of fine and coarse fractions (PM,,)
is also calculated.

The model covers almost all European
countries, including the western part of
Russia. RAINS incorporates data on energy
consumption for 42 regions in Europe,
distinguishing 22 categories of fuel use in six
economic sectors. The RAINS database also
covers scenarios of non-energy economic
activities responsible for air pollution
(agricultural production, industrial
processes, solvent use etc.). Scenarios for
energy development form exogenous input
to the model. The model was calibrated using
the results from the European emission
database compiled by the EMEP (compare
http://webdab.emep.int). Data on emission
factors from the Corinair inventory of the
European Environment Agency (EEA, 2001)
were also used. For PM, the Cepmeip
inventory (Cepmeip, 2002) developed by the
TNO was used as one of the important
information sources to determine emission
factors and activity levels for some of non-
energy related emission sources.

RAINS calculates emission reductions for
control strategies reflecting the current
pollution control legislation in Europe.
Emission reductions are assumed to be
achieved exclusively by technical measures;
any feedback of emission controls on
economic and energy system is not included.
Options and costs for controlling emissions
for the various substances are represented in
the model by reflecting characteristic
technical and economic features of the most
important emission control technologies.
Current implementation of the model covers
more than 300 technologies. For example,
emissions of SO, can be controlled through
the use of fuels with lower sulphur content or
through desulphurisation of flue gases.
Reduction of the emissions from transport
can be achieved through implementation of
catalytic converters, engine modifications,
particulate traps etc. A wide range of
measures (for instance, recovery of gasoline
vapours, use of water-based paints,
incineration or recovery of solvents) is
available for the reduction of NMVOC.

Methodology

Atmospheric dispersion processes for all
pollutants are modelled on the basis of
results of the EMEP models for acidifying
and eutrophying compounds, photo-oxidants
and fine particles. Next, the impacts of the
scenarios are evaluated using a set of
indicators reflecting sensitivities of
ecosystems to pollution (critical loads), as
well as effects on agricultural crops and
human health. For acidification and
eutrophication, the model estimates the area
of ecosystems not protected for each country
by comparing deposition on a grid-level
against critical loads. For ozone, an estimate
is made of the exceedance of critical
(damage) thresholds for agricultural crops
(AOT40) and human health (AOT60). More
details about the indicators used can be
found in Cofala et al. (2002). Recently, a
methodology was developed to link air
pollution scenarios with changes in statistical
life expectancy (Mechler, Amann et al.,
2002). The first quantitative results for
individual countries are now also available.
However, because of resource and time
constraints, the effect of the scenarios
described in this report on life expectancy
was not assessed.

All emission control costs in RAINS are
calculated in fixed prices for 1995. Following
the recommendations of the UN/ECE Task
Force on ‘Economic Aspects of Abatement
Strategies’ a uniform interest rate of 4 % was
applied to all countries.

3.3. Linking the different models

3.3.1. TIMER and FAIR

In principle, the TIMER and FAIR models
use a similar regional breakdown and data
can be easily transferred between them. For
the RF & EE however, FAIR recognises two
different categories: (1) the countries that
have emission obligations under the Kyoto
Protocol, in particular the Russian
Federation and Ukraine and (2) the
countries that have not yet adopted emission
obligations (most of the other countries). In
TIMER, this division does not exist. As the
first category contributes the lion's share of
the emissions in the region, we have simply
assumed the same relative reduction of CO,
in TIMER as in FAIR. A second limitation in
the transfer of data is FAIR's use of historical
data from CDIAC for base year emissions
(CDIAC, 1999; Elzen and Both, 2002), that
may be somewhat different from the TIMER
modelling results for 1990. Therefore relative
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changes compared to 1990 were used in the
data transfer between these models.

3.3.2. TIMER to RAINS

For RAINS, country-level energy scenarios
are necessary as inputs for emissions
calculations. The TIMER model, however,
calculates energy use for three large regions
in Europe. In terms of fuel types too, the
RAINS model is more detailed than TIMER.
Finally, the data sources used to calibrate the
model for the base year were also different
(TIMER is calibrated against IEA data,
RAINS uses data from national sources).
Thus it was necessary to develop a
methodology that translates the TIMER
results into more detailed RAINS input.

Equation 1 indicates the basic procedure. It
consists of several steps. In the first step,
RAINS data for each fuel/sector
combination are aggregated into the TIMER
level. This aggregation is done for the base
year (1995) and for the target year (2010)
using one of the previous scenarios available
in RAINS. The assumptions of the RAINS
scenario used are in fact very similar to the
assumptions of the TIMER baseline. Second,
for each country, fuel type and sector, the
original RAINS data are scaled to the new
TIMER value using Equation 1. This routine
is also robust for regions where the
geographic coverage of RAINS and TIMER is
not identical ().

Equation 1

Basic procedure for translating TIMER results into RAINS input

En_ Rc,s,f,2010 =En_ Rold,c,s,f,1995 *(En_ TR,s,f,ZOlO 1 En _ TR,s,f,1995 )*

(En _ Rold,c,s,f,zolo lEn_ Rold,c,s,f,1995 )/(En _ Rold,R,s,f,ZOlO /En_ Rald,R,s,f,1995 )

Where:

— En_Ris the energy scenario used by
RAINS;

— old refers to the data of an earlier RAINS
run;

— En_T is the scenario in the TIMER format;

— the prefixes cand Rrefer to country and
region level;

— the prefixes sand fare used for sector and
fuel type.

In addition, some further assumptions
and/or data transformations had to be made.
First of all, RAINS uses several data for
emission calculations on activities not directly
related to energy consumption (e.g.
production o