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Abstract

Stabilising atmospheric carbon dioxide concentrations at or below 550ppmv is widely believed to
be necessary to avoid ‘dangerous climate change’. Achieving such levels demands industrialised
nations make significant emissions cuts, whilst emerging economies adopt low-carbon pathways.
One proposed approach gaining support for co-ordinating the international effort essential for
reducing emissions is contraction and convergence. This project aims to demonstrate the severe
consequences for the UK in meeting its obligations to reduce carbon emissions under a contraction
and convergence regime, if the UK Government continues to permit, or indeed promote, the current
high levels of growth within its aviation sector.

The project reveals the enormous disparity between the UK’s position on carbon reduction and the
Government’s inability to recognise and adequately respond to the rapidly escalating emissions
from aviation. A comparison of forecasts and scenarios reflecting growing aviation emissions with
contraction and convergence profiles clearly illustrates this point. Results show that at an annual
growth rate of only half of that experienced by UK aviation in 2004, the UK’s aviation sector
accounts for 50% of permissible emissions in 2050 under the 550ppmv regime, and consumes the
entire carbon budget under the 450ppmv level. Key project conclusions:

1) The UK Government must urgently update its aviation forecasts

2) Without swift action to curtail aviation growth, all the other UK sectors will have to almost
completely decarbonise by 2050 to compensate

3) The proposed partial inclusion of aviation within the EU’s emissions trading scheme will do
little to mitigate carbon emissions

4) Aviation growth must be curbed until sufficient steps are taken to ensure fuel efficiency
gains balance growth in activity, or until there is widespread use of alternative fuels that
significantly reduce the industry’s carbon emissions.
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Section 1 — Overview of project work and outcome

Abstract

Stabilising atmospheric carbon dioxide concentrations at or below 550ppmv is widely believed to
be necessary to avoid ‘dangerous climate change’. Achieving such levels demands industrialised
nations make significant emissions cuts, whilst emerging economies adopt low-carbon pathways.
One proposed approach gaining support for co-ordinating the international effort essential for
reducing emissions is contraction and convergence. This project aims to demonstrate the severe
consequences for the UK in meeting its obligations to reduce carbon emissions under a contraction
and convergence regime, if the UK Government continues to permit, or indeed promote, the current
high levels of growth within its aviation sector.

The project reveals the enormous disparity between the UK’s position on carbon reduction and the
Government’s inability to recognise and adequately respond to the rapidly escalating emissions
from aviation. A comparison of forecasts and scenarios reflecting growing aviation emissions with
contraction and convergence profiles clearly illustrates this point. Results show that at an annual
growth rate of only half of that experienced by UK aviation in 2004, the UK’s aviation sector
accounts for 50% of permissible emissions in 2050 under the 550ppmv regime, and consumes the
entire carbon budget under the 450ppmv level. Key project conclusions:
1. The UK Government must urgently update its aviation forecasts
2. Without swift action to curtail aviation growth, all the other UK sectors will have to almost
completely decarbonise by 2050 to compensate
3. The proposed partial inclusion of aviation within the EU’s emissions trading scheme will do
little to mitigate carbon emissions
4. Aviation growth must be curbed until sufficient steps are taken to ensure fuel efficiency
gains balance growth in activity, or until there is widespread use of alternative fuels that
significantly reduce the industry’s carbon emissions.

Objectives
- To assess the suitability of the Global Common’s Institute contraction and convergence model
in relation to its usefulness to policy makers.

- To compare contraction and convergence profiles corresponding to the UK Government’s 60%
carbon reduction target with emissions generated by a growing aviation industry.

- To investigate the implications of a more stringent carbon reduction target in relation to a
growing aviation industry.

- To assess the views of aviation industry stakeholders regarding the current state of the industry
in terms of technology, management and its general economic health.

- To assess the views of aviation industry stakeholders regarding changes to the industry in terms
of technology, management and its general economic health envisaged in the coming decades.

Work undertaken

The project began with a literature review of the available post-2012 policy options, and once it was
established that Contraction and Convergence would be the policy option of choice to investigate, a
technical assessment of the Global Common’s Institute contraction and convergence model,
CCOptions, was carried out. Included within this assessment were experiments to compare the
output of the latest version of the CCOptions model with a newer version incorporating
biogeochemical feedbacks. A decision was taken to use the older version of the CCOptions model
based on the technical assessment, and using this model, experiments were generated to produce
contraction and convergence profiles in line with the UK Government’s 60% carbon reduction
target corresponding to 550ppmv. Further experiments were then developed to produce contraction
and convergence profiles in line with the lower stabilisation level of 450ppmv. These contraction
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and convergence profiles were then compared with the Department for Transport’s (DfT’s) aviation
emission forecasts.

To investigate the implications for the current very high growth rates within the aviation industry in
the UK for climate change, three new aviation scenarios based on historical and current growth
rates and proposed fuel efficiency improvements were produced and they too compared with the
450ppmv and 550ppmv contraction and convergence profiles. Finally, an assessment of the views
of aviation industry stakeholders with regard to the current and future state of the industry
completed the project.

Results

The project confirmed that the contraction and convergence policy regime was suitable for looking
at the possible impact of a growing UK aviation industry within the context of a nation striving to
reduce its carbon emissions. The technical assessment of the contraction and convergence model —
CCOptions — concluded that the model is a simple and useful tool for policymakers and reproduces
widely accepted Hadley Centre model relationships between carbon dioxide concentrations and
cumulative carbon values for all nations between today and 2200. However, it was also found that
the release of the latest version of CCOptions, which incorporates biogeochemical feedbacks, may
be somewhat premature.

Using the contraction and convergence model, the work confirmed the origin of the UK
Government’s 60% target as being generated by a contraction and convergence regime aiming to
stabilise the UK’s carbon emissions in line with a 550ppmv stabilisation target. By comparing both
this stabilisation profile, and the more stringent 450ppmv profile, UK Government aviation
emissions forecasts show aviation taking up between 50% and 100% of the 450ppmv UK carbon
budget by 2050 and between 24% and 50% of the 550ppmv target. Moreover, results from
scenarios that take into account the current very high rates of growth being seen within the industry
show aviation taking up between 77% and 100% of the 450ppmv UK carbon budget by 2050 and
between 38% and 50% of the 550ppmv 2050 target. The conclusion of which is an observation that
the UK Government’s aviation forecasts need to be updated as a matter of urgency.

The stakeholder assessment carried out produced a consensus that aviation technology is unlikely to
change radically within the next 30 years, and that despite aims to improve the fuel efficiency of
aircraft, these gains will likely be outstripped by industry growth.

Relevance to Tyndall Centre research strategy and overall Centre objectives

The aviation project has made an assessment of one of the most commonly debated post-2012
climate policy regimes — contraction and convergence — and used it to evaluate the implications for
the UK economy of a growing aviation industry. The project therefore helps to highlight concerns
over the current high levels of growth within the aviation industry, in order to instigate the
formation and modification of polices that can help the UK make the transition to a more benign
energy and mobility regime, in line with Tyndall’s overall objectives. Furthermore, by
disseminating project results via the media, the project has stimulated debate and raised awareness
of the impact that individuals and their consumer behaviour have on our future climate. Stakeholder
dialogue with aviation industry stakeholders has also taken a first step towards building
relationships between the Tyndall Centre and the aviation industry to help encourage research
towards practical and acceptable solutions.

The results from the project fed into the Theme 2 flagship project ‘The Tyndall Integrated
Scenarios’. Information on current, historical and predicted growth rates within the industry,
alongside knowledge of possible technological and managerial advances likely to effect fuel
efficiency, was used to create the end points and pathways for the aviation sector within the Tyndall
scenarios.



Potential for further work

The project has opened up many possibilities for future work. The first of which could be to use the
forecast data provided by the aviation industry, alongside fuel efficiency targets, fleet turnover
rates, load factor data etc to produce a simple spreadsheet model to estimate more accurately the
impact of current industry trends on aviation industry emissions up to 2030. This work could be
carried out hand-in-hand with further interviews with aviation stakeholders to investigate more
deeply the information already gleaned to find out more about specific technology issues such as
flying aircraft more slowly to reduce fuel burn, turbo-prop engines, the use within the industry of
Fischer-Tropsch kerosene produced from coal with carbon capture and storage or biofuels. Such
additional information could be incorporated within the simple model to produce more aviation
scenarios.

European aviation emissions have not been studied in any detail within this project, therefore there
is scope to extend the current analysis to the EU25 nations. In particular, the impact of including
aviation emissions from EU nations within the EU’s emissions trading scheme should be
investigated.

It is difficult to analyse the impact of air freight on the climate at present due to the fact that a
considerable proportion is carried in the bellies of passenger aircraft rather than within dedicated
freighters. This issue therefore requires further investigation, particularly as forecasted growth in air
freight is even higher than the growth predicted in passenger numbers.
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1. Introduction and background

1.1 Introduction

There is a clear consensus amongst the scientific community that stabilising atmospheric carbon
dioxide concentrations at, or below, 550ppmv is necessary to avoid ‘dangerous climate change’.
Achieving such levels demands very significant reductions in carbon dioxide emissions from
industrialised nations, as well as the adoption of low-carbon pathways for emerging economies.
One proposed approach gaining increasing support for co-ordinating the international effort
necessary to reduce emissions is contraction and convergence. This project report demonstrates the
severe consequences for the UK in meeting its obligations to reduce carbon dioxide emissions under
a contraction and convergence regime, if the UK Government continues to permit, or indeed
promote, the high levels of growth currently experienced within its aviation sector.

Under contraction and convergence, all nations work together to achieve a year-on-year contraction
in emissions. Furthermore, nations converge over time towards equal per-capita emissions. The
conflict between a contracting carbon target and the UK’s expanding aviation industry is clearly
illustrated within this project report. Government forecasts and Tyndall aviation scenarios of
escalating aircraft emissions in the UK from today until 2050 are compared with national
contraction and convergence profiles aimed at stabilising carbon dioxide concentrations at both 450
and 550ppmv. Results show that at an annual growth rate of only half of that experienced by the
UK’s relatively mature aviation industry in 2004 would equate to the UK’s aviation sector
accounting for almost 50% of permissible emissions in 2050 under the 550ppmv regime, and
consuming the entire carbon budget if 450ppmv is the target. Moreover, these particular results do
not include any uplift* that takes into account the additional aviation-induced climate change effects
of contrails, cirrus clouds or additional greenhouse gases. In particular, the project reveals that the
UK Government forecasts must be updated as a matter of urgency to reflect the current very high
levels of growth and, in turn, kerosene consumption within the aviation industry. According to the
latest copy of the Digest of UK Energy Statistics (DUKES, 2005), the consumption of aviation fuel
is 10% higher in 2004 than 2003.

The project went on to assess the views of some of the aviation industry’s stakeholders, and
combining these insights with the experimental results. From this, conclusions were drawn relating
to the implications for other sectors of the UK’s economy, the inclusion of the aviation industry
within the EU’s emissions trading scheme and the kind of urgent action on climate change required
by the UK Government, particularly whilst it is in the driving seat of the EU and the G8.

1.2 Background to climate policy
1.2.1 Current picture

The text of the Kyoto Protocol was adopted on 11 December 1997, and opened for signature
between March 1998 and 1999. It finally came into force in February 2005 following Russia’s
signature with its objective being to stabilise greenhouse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic interference with the climate system.

Whilst awaiting ratification, many countries have been working towards the targets laid out by the
Protocol. The first step on the road to reducing the impact of human activities on the climate is for
industrialised nations to cut greenhouse gas emissions by an average of 5.2% from their 1990 levels

! It should be noted that there is substantial scientific uncertainty relating to both the size of the uplift factor that should
be used, as well as to the method of simply ‘uplifting’ carbon values for comparison with carbon emissions profiles.
Strictly speaking, such a comparison does not compare like with like



by 2008 - 20122 The EU accounts for about 24% of Annex 1 greenhouse gas emissions and under
the Protocol, the EU and its member states can agree to meet their commitments jointly. This
'bubble’ arrangement allows the EU's target to be redistributed between member states to reflect
their national circumstances. In June 1998, environment ministers agreed how the target should be
shared out. The UK then pledged to reduce its greenhouse gas emissions by 12.5% by 2010, and cut
its carbon dioxide emissions by 20% by 2010 and 60% by 2050.

In return for a commitment to reduce greenhouse gases, the Kyoto Protocol also set out “flexibility
mechanisms’, intended to be least cost policy instruments. These enable joint reduction, transfer of
‘Emissions Reduction Units” within a Party’s area of jurisdiction, trading of ‘emissions allowances’
and use of a ‘clean development mechanism’, through which emissions reductions can be earned
within a non-Annex 1 Party (Missfeldt, 1998).

In 2000, the European Commission issued a consultative Green Paper on greenhouse gas emissions
trading within the EU, (European Commission, 2000). This suggested that a European Community-
wide emissions trading scheme should begin by 2005, as a forerunner to emissions trading under
the Kyoto Protocol from 2008. It suggested beginning with carbon dioxide for ease of monitoring,
and large fixed point sources, and recommended that compatibility between the Community and
Kyoto schemes be ensured. The UK initiated the first national greenhouse gas emissions trading
scheme in 2002.

Despite attempts to limit the growth in global atmospheric carbon dioxide concentrations through
the adoption of the Kyoto protocol, anthropogenic emissions of carbon are continuing to increase,
and further action is required. Atmospheric concentrations of this key greenhouse gas currently
stand at around 378ppmv compared with 364ppmv in 1997 when the Protocol was adopted — a 4%
increase in just seven years (CDIAC, 2005).

The world is now swiftly striding towards carbon dioxide concentration levels thought to be
associated with ‘dangerous climate change’, whilst progress on post-Kyoto agreements at an
international level is slow. Furthermore, recent scientific research is tending to suggest that the
550ppmv level, thought to be associated with the key 2°C global temperature increase, may be
woefully off the mark (Elzen and Meinshausen, 2005). Although there is a range of emission
pathways that could be followed theoretically to avoid different temperature levels, probability
analysis provides a quantitative estimate of the risk that a particular temperature level would not be
exceeded. For example, limiting warming to 2°C above pre-industrial levels with a relatively high
certainty requires the equivalent concentration of carbon dioxide to stay below 400ppmv!
Conversely, if concentrations were to rise to 550ppmv equivalent concentration, then it is unlikely
that the global mean temperature increase would stay below 2°C (Hadley, 2005). In other words,
the world is already extremely close to the point above which serious adaptation measures will be
required.

It is clear from the current scientific understanding, such as that cited above, that there is an urgent
need for extending national commitments beyond Kyoto. Globally, the first step on such a path is to
agree a post-Kyoto policy regime.

2 At Kyoto, the EU and its member states agreed to a joint reduction of -8%, the United States to —7%, Japan to —6%,
Russia and the Ukraine to return to 1990 levels, and Australia +8%. Targets for individual EU member states ranged
from —21% for Germany and Denmark, to —6% for the Netherlands, +13% for Ireland and +27% for Portugal (DEFRA,
2003). However, as of 2003, greenhouse gas emissions from the EU had increased for the second consecutive year,
moving the EU as a whole further away from meeting its commitment to achieve a substantial emissions cut by the
2008-2012 period (EEA, 2003).



1.2.2 Post-Kyoto policy regimes

Even before Russia’s signing of the Kyoto Protocol, debate had begun as to the form, scale and
responsibilities of any post-Kyoto emission-reduction strategies. Whatever the form such strategies
may take, significant reductions will not be possible without adequate commitment from all the
high-emission nations, including the United States. The central complaint of the US Federal
Government is that the Kyoto agreement exempts much of the world, including major population
centres such as China and India, from compliance. Consequently, they see it as unfairly harmful to
the US economy and therefore are unlikely to commit to any post-Kyoto agreement that does not
require early participation by industrialising nations as well as industrialised.

Amongst the emission reduction regimes that require all nations to set targets from the start of the
process, and that has gained some popularity over recent years, is the Global Common’s Institute
(GCI) Contraction & Convergence mechanism (Meyer, 2000). The GCI was founded in 1990 with a
“Focus on the protection of the global commons of the global climate system”. Since 1996, the GCI
has encouraged awareness of contraction and convergence as a practical interpretation of their
philosophical principle that “every adult on the planet has an equal right to emit greenhouse gases”.

In addition to the contraction and convergence policy, with an a priori presumption that nations
should move towards per-capita equity in their carbon dioxide emissions, there are a number of
related but different approaches to extending national commitments post-Kyoto. A study
commissioned by the Umweltbundesamt (German Federal Environment Ministry) (H6hne et al,
2003) has assessed these approaches®, including contraction and convergence, and makes
recommendations for increasing their effectiveness and acceptability. H6hne et al’s findings on ten
alternative approaches to contraction and convergence are summarised here:

e Intensity targets can play a role in future commitments as one form of target for a particular
group of countries, possibly in parallel to other types of targets for other countries. If applied
to all countries, the global emission intensity (emissions per unit of GDP) has to decrease
rapidly (2%-4% per year) in order to reach stringent environmental goals. Agreeing on
differentiated intensity reductions may be more difficult than agreeing on the level of
absolute emissions reductions, as emissions intensity involves country specific knowledge
of the relationship between emissions and GDP, which also may evolve with time.

e Contraction & Convergence: since major reductions in emissions are necessary it is likely
that per-capita emissions under any policy regime will eventually converge to a very low
level. The issue is on which path. Contraction and convergence has the advantages of
simplicity and stringency but does not account for the structural differences of countries,
their ability to decrease their emissions (nor, directly, for historic emissions).

e The Triptych approach: country-specific emissions budgets are calculated that reflect the
energy, industrial and household sectors. As the method takes into account existing
differences between countries, it can differentiate national emission reduction targets based
on need.

e Multi-stage approaches “will be the future of the climate regime”, but there are many
possibilities regarding types of stages and thresholds for moving into a next stage. The
current two stages (Annex | and Non Annex 1) could be extended. One criterion for moving
to a further stage could be emissions per-capita.

e The multi-sector convergence approach describes a complete set of rules for a future climate
regime, defining in essence the path on which sectoral per-capita emissions converge. A

® For another accessible account of post-Kyoto options, see: www.fiacc.net/app/approachlist.htm Furthermore, models
based on some the different approaches can be freely downloaded from research groups.
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major downside of the approach is that sectoral activities are not necessarily directly related
to the population.

e Equal mitigation costs: setting targets so that mitigation costs are equal for all participating
countries (e.g. a percentage share of the GDP) seems to be, from a theoretical point of view,
a fair option. In practice, however, it may be impossible to agree on a model or calculation
method for calculating the cost of countries. It is therefore not a realistic option.

e Policies and measures can also be a part of a mix. Especially for newly entering countries,
policies that combine development and environment objectives are very attractive and could
form a first stage of commitments.

Hohne et al's analysis necessarily involves subjective judgement in addition to technical analysis —
it is difficult to anticipate what will and will not be acceptable in the international political arena.
One could also add other policy approaches, notably the Brazilian approach in which emissions
reduction responsibilities are allocated on the basis of countries’ historical contribution to global
temperature change.

Whilst there are clearly many post-Kyoto policy regimes, whatever approach or mix of approaches
is chosen, ‘dangerous climate change’ can only be avoided with major carbon dioxide emissions
reductions, and that such reductions need to begin within the coming decade.

1.2.3 Contraction & Convergence

Contraction and convergence is an international framework for assuming an equitable contribution
to the arrest of global greenhouse gas emissions, with all nations working together to establish and
achieve an overall yearly emissions target — contraction. Moreover, all nations converge towards
equal per-capita emissions by a specified year — convergence. By simultaneously contracting and
converging, such a mechanism requires all nations to impose targets from the outset (Cameron,
2003).

The US and other industrialised nations cannot escape their responsibility that as the main
greenhouse gas emitters, they will necessarily be required to make substantial cuts under any
regime designed to stabilise carbon dioxide concentrations at a level that avoids global temperature
increases of more than 2°C, (IPCC, 2001). Although it can be argued that the particular
circumstances of different nations lead to a requirement for differing emissions profiles, the GCI
fear that any allowance made for such differences will create unacceptable delays in negotiating an
agreement. As stabilising the carbon dioxide concentration at or lower than 450-550ppmv demands
a reduction strategy that is initiated as a matter of urgency, the GCI consider the simplicity of the
contraction and convergence approach to be a benefit rather than a deficiency.

Indeed, France already proposed a formula for Annex | targets in 2010 based on converging global
per-capita emissions by 2100. Similarly, in 1997 the EU proposed that emission paths should
eventually converge to similar per-capita or per unit of GDP levels, without specifying a timeframe
or level (Hohne et al, 2003: 26). Furthermore, the Royal Commission on Environmental Pollution
(RCEP) used a contraction and convergence regime to calculate that the UK would be required to
cut emissions by 60% by 2050 (RCEP, 2000), a target subsequently adopted by the Department of
Trade and Industry (DTI) (DTI, 2003).

Berk and den Elzen (2001) used the FAIR model (Framework to Assess International Regimes for
the differentiation of commitments) (Elzen et al, 2000) to compare alternative regimes of increasing
participation. The FAIR model consists of a simple integrated climate model combined with an
accounting framework for calculating regional emission allowances resulting from different
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allocation rules. The first option assessed was a gradual increase in both the number of parties
involved and their level of emissions reduction. The second option was a contraction and
convergence regime with universal participation. Berk and den Elzen (2001) found that, in order to
stabilise carbon dioxide concentrations at 450ppmv by 2100, the major industrialising countries
must participate in emissions reduction before 2050. If stringent climate targets are set, a
convergence regime seemed to provide more incentive for controlling emissions than a regime
where nations are gradually incorporated.

As a threshold for a country participating in carbon emissions reductions of 4% per year, Berk and
den Elzen (2001) used a per-capita income value of 50% of the 1990 average Annex 1 per-capita
income, similar to that of Argentina. Upon reaching 75% of the 1990 average, countries are
assumed to join Annex 1 — those countries who have agreed emissions caps — with reduction targets
proportional to their per-capita contribution to carbon dioxide-induced temperature rises.* As a
result, the global emissions ceiling required for 450ppmv is breached after 2020 due to the major
developing countries such as China and India participating only after 2050. If the target were
550ppmv, an emission space for Annex 1 would exist but be extremely limited. The corollary is that
a 450ppmv target requires major developing countries to participate within a few decades from
now, at much lower levels of per-capita income than the 1990 Annex B average. Berk and den
Elzen (2001) go on to show that 450ppmv is attainable if per-capita carbon dioxide emissions are
used as a means of differentiating commitments. Under this scenario, Annex 1 countries would
begin with emissions permits well below the global average, China would be permitted an increase
from today’s levels until 2025, India until 2030 and Africa until 2040.

Berk and den Elzen also tested a contraction and convergence approach for 450ppmv, with
convergence years of 2030 and 2050. The emissions reductions necessary for convergence by 2030,
relative to 1990, are relatively high for the time available: 75% for North America and 60% for
Europe. For 2050 the reductions are a more plausible 55%, 55% and 40% respectively.

Given these findings, Berk and den Elzen (2001) consider that a contraction and convergence
approach has two main advantages over an increasing participation approach (or Continuing Kyoto
approach, in terms used by Hohne et al, [2003]). The first concerns the way in which emissions
trading, an important component of contraction and convergence, is considered to offer the best
opportunity for exploring the cost-reduction potential of the Kyoto Mechanisms. The second is that
there would be no ‘carbon leakage’ (increase in developing country emissions due to business
relocations from the developed countries). However, Berk and den Elzen (ibid: 478) also perceive
potential problems with emissions trading: once developing countries join the system, prior
beneficiaries such as Russia would find a reduced market for their surplus emissions (this could be a
general problem with any strongly contractive scenario and is discussed further below). In addition,
the concept of per-capita emissions equity has to date been controversial (ibid), despite economic
analysis indicating welfare losses of only a few percent by 2050 compared with business as usual
(Bohringer and Welsch, 2000, in Berk and den Elzen, 2001)°.

1.2.3.1 Multi-sector convergence approach

A multi-sector convergence (MSC) approach was developed jointly by the Centre for International
Climate and Environmental Research, Oslo (CICERO) and The Netherlands Energy Research
Foundation (ECN) (Jansen, 2001a, b; Sijm et al, 2001). The approach is relevant to the present
study for its sectoral aspect, and has the following characteristics: (i) identification of sectoral

* Note that as such, the targets do not take into account climate feedbacks from the carbon cycle and other effects

® Similarly the UK Cabinet Office estimates that only 0.02% of annual GDP growth would be foregone over each of the
next 50 years if a 60% reduction in carbon dioxide emissions was pursued and achieved by the end of that period (PIU,
2002, in Houghton, 2002).
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targets; (ii) eventual convergence to emissions levels of global per-capita equity; (iii) assignment of
targets to non-Annex 1 countries upon reaching a per-capita greenhouse gas emission threshold; (iv)
issuing of additional emissions allowances under special circumstances (Sijm et al: 483). It should
be noted that the MSC approach as developed by Sijm et al (2001) uses units of carbon dioxide
equivalent, as it includes CH4 and N,O emissions. Amongst other possible benefits, the authors
argue that use of sectoral divisions may improve insight into the feasibility of global greenhouse gas
reduction targets, and that use of interim budget periods allows adjustment as economic conditions
and scientific knowledge change.

The MSC approach involves the following stages:

1) The distinction of seven different sectors

2) The determination of global sector emission norms

3) The determination of national emission mitigation targets
4) The inclusion of allowance factors (ibid: 486).

The seven sectors of the MSC approach are: power, households, transportation, industry, services,
agriculture and waste. For each sector, per-capita emission allocations (‘standards’) are set; for the
base year of 2010, these are set equal to the global average for each sector. An annual percentage
emissions reduction is then set for each sector, by geometric interpolation, until a convergence year.
The national target for a given year is determined by summing the per-capita sectoral targets for that
year and multiplying by the projected population for that year. Countries take on emissions
reduction commitments upon reaching per-capita emissions thresholds. Emissions allowance factors
are available, to be applied nationally, to mitigate the effects of emissions control on countries with
special needs arising from climate, population density, agricultural and transitional economies and a
low potential for use of renewable fuels (Sijm et al:2001). They provide numerical illustrations of
this approach, in part using an MSC model that can be downloaded from the ECN website®.

1.2.3.2 Policy assessment of Contraction & Convergence

As stated above, Hohne et al (2003) have conducted a relatively detailed assessment of the main
policy options for international climate negotiations during the next commitment period for the
German Federal Environment Agency (UBA). The following assessment was made of contraction
and convergence by Hohne et al (2003: 62-3) in terms of (italicised) criteria applied to each option.

Environmental criteria

In an illustrative case that would include all countries from 2010, levels of 450 - 550ppmv
atmospheric carbon dioxide concentration could be reached by 2100. While there would be
certainty over the level of emissions permitted, the approach would imply abrupt changes in the
emission trend of many Parties, including major developing countries. Leakage would be avoided
since all countries would participate.

Encouragement of early action
Contraction and convergence is one of the few policy approaches that encourages early action (i.e.
before 2010), as all countries would know that they must reach equal per-capita emission levels.

Political criteria

With respect to equity principles, while the least developed countries would be permitted to
increase emissions, most developing countries and all developed countries would be completely
emissions-restricted from 2010. The principle of capability (ability to pay) is not explicitly
addressed. The principle of responsibility (polluter pays) is partly addressed, in the sense that the
higher emission countries would need to make the largest reductions. The historic responsibility of
countries is, however, not taken into account. A newly industrialized country with currently high

® At www.climatepolicy.info/kyoto/burden/
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per-capita emissions (e.g. South Korea) would have to reduce emissions by the same degree as an
industrialized country with a similar level of per-capita emissions (e.g. France).

Regarding the fundamental positions of the major political constituencies, an advantage of
contraction and convergence is that most developing countries have clearly indicated their
preference for the convergence of per-capita emissions. The G77 and China succeeded in
embedding related language in the Marrakech Accords in the context of the use of the mechanisms:
“reducing emissions in a manner conducive to narrowing per-capita differences between developed
and developing country Parties”. However, some developed countries are strictly opposed to the
concept of per-capita emissions, and the reporting of emissions in per-capita terms in national
communications was consequently excluded from UNFCCC reporting requirements.

Economic criteria

Contraction and convergence takes little direct account of the structural differences between
countries, differentiating only to the extent that high emission countries will need to make the
highest emissions reductions. The international emissions trading component of the approach
should help to minimise adverse economic effects by narrowing the differences in marginal
abatement costs in different countries by encouraging emission reductions where they can be
obtained for the lowest price.

Technical criteria

Regarding compatibility with the structure of the UNFCCC and Kyoto Protocol, scenarios with
targets for convergent per-capita emissions could be based on the structure agreed in the Kyoto
Protocol, with all countries participating. In terms of placing moderate political and technical
[demands on] the negotiation process, Hohne et al (2003: 43-4) consider contraction and
convergence as simple, transparent and easily explained. International agreement would be required
on only a few factors: the convergence year and level (through a global stabilisation path), and a
decision on which gases and sectors to include. “This low number of decisions would make it
relatively easy to reach an agreement from a purely process point of view. The current system of
reporting and reviewing greenhouse gas inventories would have to be expanded to all countries”.

Hohne et al (2003: 44) conclude that while contraction and convergence “is intriguing due to the
simplicity of the approach” and is “one of the few approaches that encourage early action by
countries that are not yet part of the commitment regime”, its simplicity is also a major
disadvantage, in that it does not account for the structural differences between countries that affects
their ability to decrease emissions. Moreover, for stabilisation levels of 450 or 550ppmv carbon
dioxide, many developing countries would have to decrease emissions below their business as usual
path during the coming decades. Consequently, only a few, least developed countries would be able
to sell emission allowances to the developed countries, and then only for a short period of time.

Contraction and convergence is one of several options for a post-Kyoto climate regime. While it has
the advantages of simplicity, an element of international equity and would include all countries, it
does not in itself allow for structural differences between countries. Nevertheless, it could form a
starting point for international negotiations on a post-Kyoto regime. It also enables the national,
aggregate implications of the deep cuts required for carbon dioxide emissions stabilisation to be
profiled and compared to emissions trends in sub-sectors.

Notwithstanding the advantages and disadvantages of the various non-contraction and convergence
approaches as supported explicitly by the RCEP and implicitly by the Government’s Energy White
Paper, this project focuses on the implications of a contraction and convergence approach for UK
aviation.
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2. The aviation industry and its impact on climate

The aviation industry is a special case when it comes to its impact on climate for three key reasons.
Firstly, it has significant additional climate warming impacts, secondly, it is the fastest growing
sector in the UK economy and thirdly solving the problem will likely require solid international
agreements. The follow section highlights the key impacts of the aviation industry on the climate, as
well as giving some information on historical and forecasted growth trends for the industry.

2.1 Historical growth

Since 1960, global air passenger traffic (expressed as revenue passenger-kms) has increased by
nearly 9% per year — 2.4 times the growth rate of global average Gross Domestic Product (IPCC,
1999). Between 1993 and 2003, world air freight has also been growing at extremely high rates —
6.2% per year according to Boeing (Boeing, 2005a). Within Europe, passenger numbers in the
EU15 nations increased at 5.3% per year between 1993 and 2002 (Layos, 2005) and in the ten
accession nations, passenger numbers have also increased at a similar level (Stat, 2002) between
1995 and 2000. Turkey has seen the highest growth recorded in the past at 14.5% on average
between 1985 and 1998, although the strongest growth recorded from the top five countries in terms
of passenger numbers in the period 1985-1998 is Germany at 7.3% per year. The other top four
countries in terms of passenger numbers in Europe are the UK, France, Spain and Italy (ATAG,
2000).
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Figure 1: Recent aviation trends for the UK’s aviation industry. Prior to the events of September 11, annual
growth rates were as follows: Terminal passengers — 7% per year; Air Traffic Movements — 5% per year;
Kerosene consumption — 6% per year; Carbon emissions — 7% per year.

The UK tops the European chart in terms of passenger numbers, in terms of the number of transfer
passengers and British Airways was second only to Lufthansa in 1998 as the second largest carrier
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(ATAG, 2000). Its largest airports act as key hubs for many trans-Atlantic and trans-continental
flights. Despite the fact that the industry within the UK is relatively mature, growth in terms of
passenger numbers has averaged at 6% per year between 1993 and 2003, including the blip due to
the September 11 attacks, 7% per year excluding this period as shown in Figure 1.

Indeed between 2003 and 2004, the yearly increase in terms of passenger numbers was 8% (CAA,
2004) and the corresponding increase in fuel consumption for that period 10% (DUKES, 2005). The
difference between these two figures could be due to the resurgence of long-haul flights following a
reduction due to the events of September 11 (ref interview in later section). This increase in fuel
consumption implies that there will be a similar increase in the carbon dioxide emissions from the
aviation industry in 2004 compared with 2003. It is interesting to note from Figurel that the rate of
increase of emissions most closely follows the terminal passenger numbers trend until 2000.

2.2 Aviation industry forecasts

The aviation industry is naturally keen to produce forecasts of future passenger numbers and flights
for business strategies, infrastructure planning, hardware purchase and environmental concerns. For
this reason, both Boeing and Airbus, the two main aircraft manufacturers, produce forecasts for the
period up to 2023/4. Some of the details of these and other forecasts are summarised below.

2.2.1 Airbus forecasts

Airbus predicts that global passenger traffic will grow on average at 5.3% per year between 2004
and 2023 and world passenger kilometres are expected to triple by 2023. This world average
incorporates an average growth in passenger-kilometres of some 8.2% per year in China. This
extremely high level of growth is reflected in the increased share of world air traffic for the Asia-
Pacific region for 2023 from some 25% in 2003 to 31% in 2023, as shown in Figure 2 In 2003, 3.2
trillion passenger-kilometres were travelled compared with a predicted 9 trillion in 2023.

Shares of World Air Traffic — Airbus Forecast

I Africa
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I North America
I Latin America & Caribbean
Il Asia-Pacific
[ Europe

Figure 2: Latest publicly available airbus forecasts
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The Airbus forecasts use projections from the Global Insight Forecasting Group and takes into
account economic growth, oil prices and the export import history of countries and commaodities.
Regional and structural changes expected to influence the market are also included, for example the
growth potential for low-cost carriers. The pace of liberalisation of markets to and from developing
countries, as well as environmental and congestion constraints are said to have been considered.

In terms of growth within different regions of the world, growth for airlines domiciled in Europe is
predicted to be around 5.2% per year between 2004 and 2023, with a higher rate of growth of 5.8%
per year between 2004 and 2013. This prediction takes into account the mounting importance of
low-cost carriers in Europe. The UK is likely to experience a rate similar to that of the rest of
Europe (as evidenced by stakeholders in section 6.3.1.1).

2.2.2 Boeing forecasts

The latest forecasts from Boeing are not significantly different to those issued by Airbus in terms of
their outputs. Again, they predict that world passenger growth will continue following the downturn
after the September 11 attacks at a rate of 5.2% per year, cargo at 6.2% per year (Boeing, 2004) and
shown in figure 3. Within the EU, air traffic for the regions carriers is also expected to be on the
increase, at 4.3% per year. The rise of low-cost carriers is said to continue to generate new travel
growth in Europe. European markets have completed their first decade of liberalisation, which has
rapidly stimulated air travel demand. Lower fares and point-to-point services to many secondary
and select hub airports are desirable to air travellers. Furthermore, inclusive tour charter operators
will play a role in delivering air travel for European tourists to a wide variety of destinations, many
outside of the continent (Boeing, 2005b).

World Air Travel Continues to Grow
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Figure 3: Latest Boeing forecasts.

2.2.3 Rolls-Royce forecasts

The engine manufacturer Rolls-Royce produces yearly forecasts for aircraft deliveries, engine
markets and traffic forecasts (Rolls-Royce, 2005). In overview, they predict strong global growth in
the commercial aircraft and jet engine market of the coming 20 years, driven predominantly by the
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rapid growth in the Asian market, as well as continued demand for new aircraft in other, more
mature, markets. In its regional traffic forecasts, it predicts a 5% per year world growth between
2005 and 2024, with a corresponding 4.4% per year growth for Europe. Within the European
markets, the highest growth is predicted to be in the Europe-Asia Pacific market, with a 6.1% per
year growth in traffic. The lowest growth figure for Europe is the Intra-European flight market,
which is forecast to grow at 3.4% per year. World air cargo within this forecast set is predicted to
grow at 6.9% per year.

2.2.4 Other forecasts

For more specific data relating to Europe, Eurocontrol produce long-term forecasts of flights,
summarising predicted increases in the number of flights per year within Europe and breaking the
growth down into particular flows, to indicate which parts of Europe are likely to see which levels
of growth. It also lists traffic growth in individual EU states and produces scenarios of possible
futures. Rather than produce forecasts in terms of passenger numbers or passenger-kilometres, the
data is given in terms of total flights. They use four different scenarios describing different oil
prices and economic growth, and therefore generate a range of annual increases in flights from
between 2.3% to 3.4% compared with an average growth of 3.8% per year between 1975 and 2001.
Therefore, they conclude that the number of flights will be increasing at a lower rate in the future
(Eurocontrol, 2004b).

Within forecasts for 1998-2015 produced by ATAG, they predict an average annual growth rate in
terms of passenger traffic of 4.3%, with the Netherlands predicted to experience the highest growth
of 5.2% per year. However, of the top five countries in terms of passenger numbers, the UK is
predicted to be the fastest growing market, moving from 144 million passengers in 1998 to 313
million in 2015. The UK is also predicted to remain the most important market, followed by
Germany and France. In terms of specific regional developments, the Europe to Middle East/Asia
market will be the fastest growing at a rate of 5.1% until 2015, and the Europe-Americas market
will be the slowest at 4.4% per year reflecting market maturity (ATAG, 2000).

In summary, the EU and the UK are predicted to have continued high growth at around 4-5% in
their aviation industries until 2020, with the UK continuing to dominate the European market.

2.3 The impact of aviation on the climate

Like other modes of transport, the aviation industry burns fossil fuels, and consequently contributes
to increasing global carbon dioxide concentrations. However, unlike those other sectors, the altitude
at which aircraft fly contributes significant additional climate warming. In fact, the amount of
carbon dioxide released by the aircraft, if measured at ground level, is only a fraction of the total
emissions that contribute to climate change. There are a number of reasons for this:
1. The altitude that the emissions are released at means that water vapour, another greenhouse
gas, is released directly into the stratosphere where it causes warming.
2. The nitrogen oxides released at altitude cause ozone formation in the upper troposphere
which leads to warming.
3. Water vapour and soot released into the troposphere leads to the formation of contrails,
which in turn cause additional warming
4. Sulphur oxides, sulphuric acid and soot lead to an increase in the cirrus cloud cover, again
further increasing the climate impact of the aircraft.

The combined effect of these contributions to warming is currently being researched and continues
to be uncertain. But estimates are in the region of between 2 and 4 times that of the carbon dioxide
alone (IPCC, 1999), with a figure of 2.7 being commonly quoted.
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The aviation industry is fully aware of these additional climate change impacts, but also recognises
that addressing one kind of emission is likely to exacerbate another. For example, altering the
altitude at which aircraft fly could reduce the formation of contrails and cirrus clouds, but will
likely increase fuel burn, and hence carbon dioxide emissions (Williams and Noland, 2005).
Similarly, noise restrictions and targets require additional engine parts, increasing the weight of the
aircraft, and again the fuel burn. Although there are significant steps being taken to improve the fuel
efficiency of aircraft (Aviation,2005), it is clear that to avoid carbon dioxide emissions from the
aviation industry increasing significantly, the growth in the industry will need to be off-set by fuel-
efficiency gains or alternative non-carbon emitting fuels.
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3. Reducing aviation industry emissions

Minimising the environmental impact of the aviation industry, be it in terms of local noise pollution
or climate change impacts is a concern to many within and outside of the aviation industry. Many
studies, research programmes and scenarios therefore directly concern prospective aviation fuels,
fuel efficiency, improving air traffic management and policy instruments that curb demand. Within
this section of the report, a brief summary of the key areas where there is potential for reducing
emissions are discussed.

Advances within the aviation industry aimed at having an impact on the aircraft’s fuel efficiency or
to reduce atmospheric pollutants come in a variety of forms. For example, modifications to the fuel
source are likely to require changes to the engine design of an aircraft, the airframe design, or
indeed the infrastructure for refuelling. On the other hand, improving the fuel efficiency of aircraft
may be done through a more aerodynamic design, engine updates or improvements to the air traffic
management system. In the following section the main technological and managerial advances
envisaged in the short, medium and long-term are highlighted.

3.1 Alternative aviation fuels

3.1.1 Biodiesel

Biodiesel as an aviation fuel would be what is known as a kerosene extender. In other words,
biodiesel would be mixed with mineral kerosene to produce a new, lower carbon emitting fuel. A
maximum of 10-20 % of biodiesel could be used in aviation fuel, but only in such proportions as
biodiesel alters the crystallisation properties of the aviation fuel at low temperatures. Current
research efforts can use filtering techniques to remove such crystals in the mixture contains up to
10% biodiesel, so that the fuel continues to meet safety requirements. However, further research
will be required for mixtures containing more than 10% biodiesel. Advantages of biodiesel over
conventional kerosene include its lower polluting emissions, its biodegradable nature and its
relatively simple production from all major biocrop feedstocks. However, mixing mineral kerosene
with biodiesel compromises kerosene’s ability to perform at cold temperatures, such as those
experienced at altitude, even when mixed with a small proportion of biodiesel (Saynor, 2003).
Further research is therefore required to improve and build confidence in cold weather performance.
Moreover, adding any such material to jet fuel would not be allowed under any current fuel
specifications because of compositional considerations (IPCC, 1999).

3.1.2 Fischer-Tropsch Kerosene
As an alternative to biodiesel, kerosene can be manufactured synthetically by Fischer-Tropsch or
other fuel production processes from a wide variety of carboniferous feedstocks including caol with
carbon capture and biomass, with the advantage of providing fuel-cycle carbon dioxide benefits
compared with mineral kerosene, and eliminating oxide of sulphur. Fischer-Tropsch fuels are
typically manufactured in a three-step procedure:
Syngas generation: the feedstock is converted into synthesis gas composed of carbon
monoxide and hydrogen.
Hydrocarbon synthesis: the syngas is catalytically converted into a mixture of liquid
hydrocarbons and wax, producing a “synthetic crude”.
Upgradeing: the mixture of Fischer-Tropsch hydrocarbons is upgraded through
hydrocracking and isomerization and fractionated into the desired fuels.

This sort of kerosene is chemically and physically similar to mineral kerosene, and therefore

broadly compatible with current fuel storage and engines (Saynor, 2003). However, its lack of
aromatic molecules and the fact that it is virtually sulphur-free, give it poor lubricity. It also has a
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lower energy density than mineral kerosene, which would impact on long-haul flights. A few
modifications could, on the other hand, improve its lubricity, making it fit for use. This type of
kerosene is likely to be a medium-term development within the aviation industry. On a practical
note however, the UK could only supply about 10% of the fuel required for its aviation industry
(Saynor, 2003).

3.1.3 Hydrogen

Using hydrogen to fuel aircraft could be beneficial if derived from the gasification of biomass or
electrolysis of water using renewably generated electricity with the potential for reducing the
aircraft induced radiative forcing by about 20% if such aircraft were gradually introduced between
2015 and 2050 (Ponater et al., 2003). However, using hydrogen within the aviation industry would
require fundamental changes to the jet design. For example, the high energy content, but low
density of this gas requires much larger fuel tanks (Saynor, 2003). This would mean that although
there would be a weight advantage due to aircraft carrying lighter fuel, this would then be off-set to
some degree by the weight of a larger fuel tank. The volume of hydrogen carried would also be
some 2.5 times that of the equivalent kerosene. The airframe would therefore need to be larger, and
so would have a correspondingly larger drag. The combination of larger drag and lower weight
would require flight at higher altitudes. Therefore, if and when hydrogen does come into use as an
aviation fuel, it will likely be used in large long-haul, high-altitude aircraft. The requirement to
carry a greater fuel volume may present an added difficulty for a hydrogen-fuelled Blended Wing
Body aircraft (discussed below), a design otherwise well suited to long-haul flights (RCEP, 2002).

The effects of oxides of nitrogen would still be present when using hydrogen as an aviation fuel,
depending on the burn temperature, and the enhanced production of water vapour would likely
enhance the contrail effect. Aside from problems of hydrogen storage, transportation and the need
for new infrastructure world-wide (IPCC, 1999), hydrogen’s main by-product is water vapour —
which acts as a greenhouse gas in the upper troposphere. Therefore, the sensitivity to cruising
altitude is likely to be very large (Gauss et al., 2004). If, as appears likely, hydrogen fuelled aircraft
were to cruise at higher levels, then the increased water emitted into the stratosphere would suggest
larger radiative forcing (RCEP, 2002). Since a hydrogen fuelled aircraft produces more water than a
kerosene fuelled aircraft, and since the water vapour produced by the latter cruising at 17 - 20 km
gives a radiative forcing some 5 times that of a lower flying subsonic aircraft, a hydrogen fuelled
supersonic aircraft flying at stratospheric levels would be expected to have a radiative forcing some
13 times larger than for a standard kerosene fuelled subsonic aircraft (RCEP, 2002).

Further research would therefore be required to ensure that any advantage gained in reducing
carbon emissions, would not be exacerbated by an increase in global warming due to enhanced
water vapour production. Overall, the environmental benefits of using hydrogen rather than
kerosene for fuelling aircraft engines are uncertain, and therefore according to the RCEP (2002),
hydrogen is likely to be discounted as an aviation fuel for many decades.

3.1.4 Other alternative fuels

Other fuels that have been investigated for the aviation industry that have subsequently been
rejected include ethanol and methanol. Their very low heat content, in mass and volume terms
render them useless as jet propulsion fuels. Moreover, from a safety standpoint, these alcohols have
very low flash points — 12 and 18°C compared with the minimum standard allowed of 38°C (IPCC,
1999; Saynor, 2003). Nuclear powered aircraft are also not currently being considered due to safety
concerns over radiation leaks and potential explosions (Saynor, 2003). Finally, bio-methane has
been considered as an alternative to kerosene, but it would require similar infrastructure and aircraft
design changes to hydrogen, as well as continuing to produce a certain amount of carbon emissions.
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3.1.5 Summary

To summarise, although bio-diesel and bio-kerosene could be used in conventional airframe designs
and engines, further research is required to make bio-diesel of practical use in cold conditions, and
bio-kerosene has large land-use implications. However, bio-kerosene seems to be the most viable
option in the medium term. Hydrogen on the other hand is deemed to require too many large-scale
changes within the industry in terms of infrastructure and airframe design. It is unlikely that
hydrogen will be used to fuel planes therefore for the foreseeable future. Thus, kerosene-type fuels
are currently considered to be the only viable option for aircraft within the next 30 years, with some
analysts suggesting they will still be in widespread use in 2050 (IPCC, 1999).

When the RCEP conducted a study of the different opportunities for the aviation industry in
minimising its impact on climate, they concluded that many of the technically feasible options
would likely be used in surface transport in preference to aviation due to cost and easy of
implementation (RCEP, 2002). If however, the aviation industry were to use biofuels to reduce the
climate change impact of the industry, it is likely that making such fuels unavailable to other modes
of transports would have less of a climate impact than allowing the industry to continue to use
kerosene. For example, there are a number of options for road transport in terms of hydrogen fuel
cells and electricity; whereas it may be the case that bio-kerosene is the only alternative option for
the aviation industry. In which case, it would seem unwise not to fully investigate this possibility
with continued research.

One general final comment is that many of the alternative fuels mentioned are based on
conventional jet engines, whereas alternative engine types, such as the turbo-prop engine, might be
able to tolerate a wider range of fuels.

3.2 Airframe and engine design

The design of aircraft can have a big impact on the amount of drag produced and hence on its fuel
burn. Novel and innovative aircraft designs have been investigated in the past, for example the
blended wing-body (BWB) aircraft and the wing-in-ground effect vehicles (WIGS). However, the
latest aircraft being designed and built by Boeing and Airbus, the two largest aircraft manufacturers,
continue to use standard airframe designs. Indeed the RCEP (2002) state that aircraft designs up to
2030 are thought likely to be based around conventional airframe configurations, but integrating
best practice technology.

3.2.1 Blended wing-body aircraft

In its assessment of the potential for reducing aircraft emissions, the RCEP took special account of
a design concept that has considerable potential for a civil airliner, namely the blended wing-body,
also known as the ‘Flying Wing’ (RCEP, 2002). This design has a long history, with precedents in
the German Horten aircraft AW-52 and the Northrop YB-49 (Cranfield College of Aeronautics,
1999). The BWB has the body partly or wholly contained within the wing, so that the interior of the
wing in the central part of the aircraft becomes a wide passenger cabin (see
www.ccoa.aero/themes/airborne/bwb/default.asp for more detail). The Commission has declared
itself convinced that the BWB could, as its proponents claim, be significantly lighter and experience
very much lower drag than the conventional swept wing-fuselage airframe design. Its fuel usage
would therefore be reduced, perhaps by as much as 30%, further reducing aircraft take-off weight.
Because of the lower weight and drag, this type of aircraft would have a lower cruise altitude and an
extended optimal range (RCEP, 2002).
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The Commission regards the BWB concept as a development to be pursued in place of supersonic
or near-sonic aircraft, and the concept has been positively explored in the UK by the aviation
industry’s Greener by Design Steering Group and developed further at Cranfield College of
Aeronautics. Other NASA and industry studies suggest that a large commercial BWB aircraft could
be developed to carry 800 or more passengers, although studies have also focused on vehicles in the
450-passenger class (NASA, 2002). It is thought that a BWB airliner cruising at high subsonic
speeds on flights of up to 7,000 nautical miles would have a wingspan slightly wider than a Boeing
747 and could thus operate from existing airport terminals.

Nevertheless, given the long service lives of aircraft, it would be many decades before BWB
aircraft were able to approach their maximum contribution to air travel (RCEP, 2002). It is also
likely that the BWB concept will be applicable only to relatively large aircraft, as the embedded
passenger cabin must be tall enough to enable passengers to stand up, so implying the need for large
wings. The BWB is therefore unlikely to mitigate the impacts of relatively short-distance flights.
Moreover, while the Greener by Design team have concluded that a BWB aircraft 50 years hence
will likely have only 10% of the greenhouse effect of contemporary high altitude, long range
aircraft, the RCEP consider this optimistic and observe that it assumes complete technological and
commercial success, the BWB design completely replacing rather than adding to existing aircraft,
and reductions in oxides of nitrogen emissions at the high end of the range foreseen by the
International Coordinating Council of Aerospace Industries Associations (ICCAIA). These
improvements could also only apply to long-haul flights (RCEP, 2002).

RCEP conclude that BWB aircraft could not represent a significant proportion of aircraft
movements for many decades, and so would make no significant difference to the total aviation
impacts for at least the first half of this century. Two thirds of all the aircraft that will be flying in
2030 are already in use (RCEP, 2002).

3.2.2 Airships

An alternative approach to the problem of reducing the climate impact of aviation is to look at
entirely different methods of air transportation. One such suggested form is the airship. Modern
airship designs use helium as a much safer alternative to hydrogen, which was used historically in
the zeppelin. Helium is heavier and more expensive to produce than hydrogen however and
additional lifting power is required on take-off, as 10% lift is lost relative to a hydrogen filled
airship.

According to a recent review, (Windischbauer and Richardson, 2005), tasks such as surveillance,
airborne early warning (replacing Airborne Warning and Control System aircraft (AWACS)) and
long tourist trips are better suited to airships than aeroplanes and helicopters. Small airships, such as
the Zeppelin NT, are currently in operation in this capacity, although do not operate economically.
On the other hand, larger volume craft are likely to be profitable (Anderson and Wood, 2001).

In relation to the feasibility of airship freighters, despite causing 80-90% less radiative forcing that a
conventional jet aircraft, one study concluded that their use was ‘un-promising’ due primarily to
manoeuvrability difficulties in wind during the loading and unloading stages (Anderson and Wood,
2001). Offloading can occur in two ways:

1. The airship hovers where lateral movement (known as drift variation) is less than 1-2% of
the vehicle length. Achieving this low level of drift variation is very difficult with such a
large surface area against which wind and thermal forces act.

2. The airship descends and is moored to a specially built platform on land or water, although
there is still the danger of capsizing in strong side winds
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Recently an airship known as the German Cargolifter was designed with the intention of hauling up
to 160 tonnes for distances of as far as 10 000 km, but the project failed due to bad financial and
engineering management, with large losses despite building one of the world’s largest hangars for
the construction work, (Windischbauer and Richardson, 2005).

One of the most promising recent designs for a cargo lifter was the Skycat by Airship Technologies
Group (UK) (Windischbauer and Richardson, 2005) but again this company has become insolvent
as of July 2005 — another set back for the airship’s future and illustrating the economic difficulties
of making the technology a reality. To date, no successful large cargo lifter has been built, even
though reputable firms such as Lockheed have planned projects.

3.2.3 Wing-in-ground effect vehicles (WIGs)

Aerodynamic drag on aircraft can be divided into two categories — that caused by the vortices
around the wings (induced drag) and that due to the surface friction. As the distance between the
ground and the wing decreases to a length less than an aircraft’s wing-span, the ratio of lift to drag
increases — this is known as ‘ground effect’. For smaller aircraft the increase in surface friction drag
due to the denser air at lower altitudes is of roughly equal magnitude to the decrease in induced drag
and so any fuel benefit is lost. For large vehicles however, such as the proposed Boeing Pelican a
much larger payload can be transported for a given range than for flight at conventional altitudes, or
inversely, a given payload can be transported further with equivalent fuel.

The proposed Pelican aircraft would have a wing-span of 150m, will fly as low as 6m above sea
level and carry a load of 750 tonnes of cargo for 18 500 km when in ‘ground effect’ above the sea.
At more standard altitude levels, this range for the same fuel burn would be reduced to 12 000km.
Whether such a large, heavy aircraft could operate from conventional runways is not certain
however. Furthermore, its maximum speed would be lower at low altitude due to air density;
therefore the aircraft would take longer to reach their destinations. This might be more appealing for
the aviation freight industry than for its passenger industry. There could be a problem with the
certification of trans-oceanic flight at low altitude as it would not fit into any current regulation.
From the noise point of view, the Pelican has a significant disadvantage over conventional aircraft.
Its proposed ~70 separate undercarriages would create much more noise on take-off and landing
than its conventional equivalent.

3.2.4 Engine technology

Regarding technological trends, IPCC (1999) state that the most fuel-efficient engines for today’s
aircraft are high bypass, high-pressure ratio gas turbine engines, for which “no known alternatives
are in sight”. These engines have high combustion pressures and temperatures and although these
features are consistent with fuel efficiency, they increase oxides of nitrogen (NOy) formation rates —
especially at high power take-off and at altitude cruise conditions.

3.3 Management developments

The aviation industry has always had a strong drive towards improving fuel efficiency as fuel costs
are a high proportion of the industry’s overall costs — particularly for the low-cost genre of airlines.
However, as mentioned in the previous section, current aircraft use the same engines and airframe
design that have been used since the 1970s. For this reason, although the technology has improved
year-on-year, such designs are considered to be mature in terms of their technology, and therefore
see only small incremental improvements in fuel efficiency, typically around 1-2% per year for a
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new aircraft. The aviation industry recognises this fact, and consequently their drive towards
improving fuel efficiency in addition encompasses many managerial aspects, as will be discussed in
this section.

3.3.1 Load factors

Increasing the load factor of an aircraft will reduce the amount of fuel spent per passenger, and
reduce the need for as many planes to fly, if the same amount of demand is being accommodated
for. Consequently, airlines are always looking at ways to push up their load-factors, although some
airframe manufacturers on the other hand are less concerned with this aspect of improving fuel
efficiency. However, if their customers consider it to be a priority, this might persuade them
otherwise. Scheduled airlines struggle more than charter airlines to increase their load-factors, but
putting more effort and research into generating sophisticated ticketing technology, differing pricing
bands and demand-focussed time-tabling may all lead to load-factor improvements.

3.3.2 Air traffic management

Aircraft burn a substantial proportion of their fuel during take-off and landing, which is why an
indirect flight from Manchester to London, London to Madrid, has a much larger environmental
footprint than a direct flight between Manchester and Madrid. Therefore an increase in point-to-
point flying rather than the commonly used hub-to-hub flights could reduce fuel consumption.
Furthermore, to date aircraft have had to fly along a fixed route network when journeying from start
to destination airports. This route network is an historic part of the infrastructure, resulting from the
days when following a set of ground beacons was the only reliable source of navigation for aircraft.
However, with the advent of global positioning satellites (GPS), and modern flight management
systems on-board airliners, it is now possible to derive a set of way points which are not necessarily
linked to physical locations on the ground. These new technologies enable the introduction of new
concepts of operation, such as ‘direct routing” whereby the aircraft determines an optimal flight
path from the start to the destination airports without reference to fixed points on the ground (AD
Little, 2000). Such improvements could translate directly into reductions in fuel consumption and
hence a reduced global environmental impact. However, it should be borne in mind that there is also
likely to be a trade-off between point-to-point flying and increasing load-factors, as it is likely that a
plane that passes through a hub, will be doing so to further fill up the aircraft. This trade-off has not
been explored within this work.

Air traffic operations procedures such as alternative approach and departure procedures, for
example the Advanced Continuous Descent Approaches (ACDA) also offer improved fuel
consumption, reduced emissions and reduced overall approach time (AD Little, 2000). Fuel savings
can also be achieved through the operational optimisation of aircraft operations. These include
reducing the operational weight of the aircraft, improved taxiing and optimising the aircraft speed.
Whilst economic pressures on the industry have dictated that many of these factors have already
been optimised by operators, the IPCC (IPCC, 1999) estimate that further optimisation of such
measures can result in fuel savings of between 2-6% per trip.

3.4 Fuel efficiency and targets

The aviation industry has itself set research goals for improving fuel efficiency as laid out by the
Advisory Council for Aeronautical Research in Europe (ACARE). The targets relevant to climate
change are as follows:

1) To reduce fuel consumption and CO; emissions by 50%

2) To reduce perceived external noise by 50%

3) To reduce oxides of nitrogen by 80%
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4) To make substantial progress in reducing the environmental impact of the manufacture,
maintenance and disposal of aircraft and related products.

At first site, targets 2) and 3) appear to be irrelevant for climate change. However, reducing the
noise impact of an aircraft will normally require some additional equipment to be added to the
engine. Such additionally weight will necessarily translate into an increase in the fuel consumption.
There are similar trade-offs to be made to reduce NOy emissions, hence both targets are indirectly
related to the climate change issue.

In relation to the ACARE targets laid out above, the UK’s aviation industry has come together to
produce a document entitled, ‘A strategy towards sustainable development of UK aviation’,
otherwise known as Sustainable Aviation (Aviation, 2005). Within this document they review these
ACARE targets and conclude that the first three ACARE goals could be interpreted as applying to
aircraft entering service in 2020, using then current operating procedures, relative to new aircraft
entering service using current operating procedures in 2000. Progress towards these targets would
include contributions from operational improvements, including those in air traffic management.
Therefore, the targets that have been adopted by the UK’s aviation industry are laid out in
Commitment 10 within the Sustainable Aviation document and are as follows:

1) Improve fuel efficiency by 50% per seat kilometre including up to 10% from air traffic

management system efficiencies.

2) Reduce NOx emissions by 80%

3) By 2020 based on new aircraft of 2020 relative to equivalent new aircraft in 2000
Consequently, each year, a new plane would be 2% more efficient than a new plane in the previous
year. Historically there have been significant improvements in fuel efficiency — 70% in the past 40
years through improvements in airframe design, engine technology and rising load factors. More
than half of this has come from advances in engine technology (IPCC, 1999). Such improvements
give an annual compound fuel efficiency gain of 1.14% in terms of seat-km per kg of fuel
consumed. Continued improvements are expected to continue, with airframe improvements likely to
play a larger role through improvements in aerodynamic efficiency, new materials and advance in
control and handling systems. New, larger aircraft with, for example, a blended-wing body or
double-deck cabin offer prospects of further benefits by relaxing some of the design constraints
attached to today’s large conventional aircraft. But, with the very long total lifetimes of today’s
aircraft (up to 40 years), replacement rates are low, and the fuel efficiency of the whole fleet is
likely to improve slowly; considering that there is limited fleet renewal, and that the efficiency
improvements over the previous 20 years have been around 1-2% per year, which would in turn
lead to around a 1-2% improvement in efficiency per year for the total fleet. Although AD Little
conclude that fuel efficiency improvements to new planes of 2% per annum could in principle be
obtained until 2030, the Department for Transport (DfT) are more conservative in their central case
emissions forecast (DfT, 2004).

The development of new technologies for improved aerodynamics, materials, engine efficiencies
and combustors can reduce global emissions, oxides of nitrogen and noise. In addition,
developments in improved air traffic management and operational procedures additionally offer
global and local mitigation options. In combination, such future developments could offer fuel
efficiency improvements of up to 2% per year until 2030, whilst NOy reduction technology is
forecast to deliver 80% improvements from today’s landing and take-off emissions by 2030 (IPCC,
1999). Despite the fact that there are significant opportunities for reducing emissions and other
environmental impacts, the RCEP (RCEP, 2002) and the results of this project conclude that their
effect is likely to be outstripped by the projected increases in air transport. For emissions from the
aviation industry to reduce in real terms, the proposed efficiency gains would have to outstrip
growth. With passenger numbers increasing for the UK’s aviation industry at 8% between 2003 and
2004 (CAA, 2004), this currently seems highly unlikely.
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4. UK Government energy and aviation policy

In February 2003, the UK’s Department for Trade and Industry published its Energy White Paper
entitled ‘Our energy future — creating a low carbon economy’ (DTI, 2003). In the following
December, the UK’s Department for Transport published ‘The Future of Air Transport’ referring to
aviation policy across the UK. The incompatibility and conflicts of interest of the two white papers
were immediately apparent. On the one hand, the UK Government wishes to push the economy
towards reducing carbon dioxide emissions by 60% by 2050, and on the other, it wishes to meet the
growing demand for aviation. The question therefore, is whether or not the two goals can be met
simultaneously.

4.1 UK Energy White Paper

The Energy White Paper set a target of reducing total UK carbon dioxide emissions by 60% from
‘current” levels by 2050 (DTI, 2003). The White paper essentially accepted the analysis of the
RCEP in their 22" report Energy - The Changing Climate (RCEP, 2000).

550 ppmv Contraction & Convergence Profile for the UK
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Figure 4: Contraction and convergence profile for the UK, demonstrating the origin of the 60% target.

They argued that a ‘contraction and convergence’ policy is required for international control of
carbon dioxide emissions, a consequence of which is a requirement for a 60-90% reduction in such
emissions by industrialised countries by 2050, figure 4. The principal objective of the RCEP (and
by association the end point) is to avoid “dangerous climate change” by ensuring the global mean
temperature increase does not exceed 2°C. Based on the best scientific evidence available at that
time, this was linked with an atmospheric concentration of carbon dioxide of 550ppmv. This is
understood by the UK Government and RCEP as being consistent with the goal of the Framework
Convention on Climate Change (UNFCCC, 1992).

When looking further at the detail of the end point, it can be seen that this target is for domestic
emissions only, and excludes international aviation and shipping emissions. However, as this target
is based on a global carbon dioxide concentration target, omitting certain sectors is not an option, if
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the ultimate goal is to ensure that the UK plays its part in reducing the possibility of dangerous
climate change.

4.2 UK Aviation White Paper

The Aviation White Paper was written to address the pressures caused by the increasing demand to
travel by air, whilst at the same time meeting commitments to protect the environment (DfT,
2003b). The paper states that the UK’s economy depends on air travel, with many businesses, in
both manufacturing and service industries relying heavily on this mode of transport. Furthermore,
visitors are said to be crucial to UK tourism, airfreight has doubled in the last 10 years and 200,000
people are employed in the aviation industry, with three times as many jobs supported by it
indirectly. According to the UK Government, all of the above put pressure on airports, some of
which are at, or fast approaching, capacity. Therefore, the UK Government states that the white
paper sets out a measured and balanced approach that provides a strategic framework for the
development of air travel over the next 30 years.

The programme of airport expansion proposed in the Aviation White Paper has stimulated
considerable and ongoing debate on the appropriate scale of the aviation industry (DfT, 2003b).
According to the paper, “all the evidence suggests that the growth in popularity and importance of
air travel is set to continue over the next 30 years”.

Aviation emission forecasts
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Figure 5: UK Government aviation emission forecasts from documentation supporting the Aviation White
Paper (DfT, 2004).

In 2003, some 200 million passengers passed through UK airports, a figure that is predicted to rise
to between 400 and 600 million by 2030 (DfT, 2003b), if sufficient capacity is provided. This
implies an annual rate of increase of between 2.6% and 4.2%. Implications of such high growth for
carbon dioxide emissions and climate change are far reaching. If it is assumed that the underlying
structure of the aviation industry remains unchanged (i.e. routes, load factors, air-traffic
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management, fleet and engine efficiency) then an increase in passenger numbers would result in a
proportional increase in carbon emissions. However, reductions in the amount of carbon emitted per
passenger-km are likely to arise from a combination of load factor improvement, aircraft design,
aircraft size, air transport management and engine efficiency. The IPCC Special Report on aviation
(1999) estimates that a combination of these improvements up to 2050 will be equivalent to a 1.2%
increase in seat kilometres travelled per kg fuel consumed per year. This value is a mean of the
efficiency improvements estimated by the IPCC in their seven scenarios. A slightly lower rate, of
1% per year, has been suggested and used by the DfT in the Aviation White Paper. However, even a
1.2% per year fuel efficiency improvement still leaves a 1.4% to 3% increase in emissions from the
aviation industry each year. Given the long lifetime of new aircraft — in the region of 30 years — the
Government’s current “predict and provide” approach to aviation leaves the UK wedded to a future
of increasing emissions from the sector.

To illustrate the range of carbon emissions forecast by the DfT, figure 5 plots their ‘worst’, ‘central’
and ‘best’ emissions cases, taken from documentation produced to support the Aviation White
Paper (DfT, 2004). The “worst case’ forecast assumes limited fuel efficiency improvements, limited
fleet renewal, and no economic instruments and are based on the ‘high capacity’ case developed
within the Economic Instruments paper (DfT, 2003a), but with three, rather than two, additional
runways built in the South East of England, as well as, so-called, unconstrained capacity in the
regions.

The “central case’ figures are again based on the ‘high capacity’ data, but incorporating fuel
efficiency improvements envisaged by the IPCC (IPCC, 1999) and by the Advisory Council for
Aeronautics Research in Europe (ACARE)’. Finally, the ‘best case’ estimates use economic
instruments to produce an additional 10% fuel efficiency saving from 2020 onwards, with half of
that in 2010. Figure 5 implies that apart for the ‘worst’ case, emissions increases due to growth
within the aviation industry will be off-set by efficiency improvements from 2030 onwards. In other
words, from 2030, growth has either reduced to around 1% per year, to match efficiency
improvements, or efficiency gains have significantly increased to match growth. Such a picture
seems unlikely as growth within the aviation industry has consistently been much higher than the
UK’s GDP growth, and therefore these emission forecasts require further analysis. Furthermore, the
DfT’s forecasts need to be considered in relation to contraction and convergence targets and
profiles. Such analysis will be carried out in section 6.2.1.1.

The Aviation White Paper suggests, by way of its mid-level forecast, that growth in the UK — a
country with a relatively mature aviation industry — will average 3.3% per year between today and
2030. This figure is based on a growth of around 3.8% per year in terms of passenger numbers until
2020, then a further growth of 1.8% per year from 2020 to 2030. According to the Aviation White
Paper, these growth figures are based on the assumption that there will be continued growth within
the short-haul market, a recovery following the events of 11 September of the long-haul market and
cheaper airfares due to enhanced competition which will be enough to offset any effect of an
environmental charge. It is unclear therefore, why this growth figure should reduce between 2020
and 2030. DfT’s high-level forecast shows average growth of 4% per year up to 2030 — 4.5%
between 2000 and 2020, and around 2.7% from 2020 to 2030. Historically, growth in passenger
numbers at UK airports has been around 5.8% from 1973 to 2003, (CAA, 2004) substantially higher
than DfT’s future projections. Moreover, the Eurostat dataset (Layos, 2005) suggests that the
current rate of growth in the UK is actually 6.4%, based on the trend between 1993 and 2001
(eliminating the short-term effects following the events of 11 September), again, significantly larger
than the 3-4% assumption used in the white paper.

" ACARE assume 50% fuel efficiency improvement between 2000 and 2050. To incorporate this, 15% is assumed to be
between 2000 and 2030, with a further 25% occurring between 2030 and 2050. The remaining 10% is already factored
into the original DfT figures and arise from assumed improvement in operational measures in aviation.
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5. Method

The following section discusses this project’s methods and processes, covering a number of
different aspects. Firstly, a policy review of the option chosen and a technical assessment of the tool
to be used for experimentation. The second aspect of the method covers experimental design and
execution, and the final aspect, the stakeholder interview technique employed.

5.1 Climate policy review and assessment

Contraction and Convergence was chosen as the post-Kyoto policy to be employed within this
project following a decision by the UK Government to adopt the 60% target as based on the
RCEP’s recommendation. As mentioned previously, this target is itself based on a Contraction and
Convergence policy. However, to understand this policy option in the context of the others
available, a literature review was carried out prior to the commencement of the project. The results
of this review essentially form section 1 of this report.

5.2 CCOptions model

Since 1996, the GCI has encouraged awareness of contraction and convergence as a practical
interpretation of their philosophical principle that “every adult on the planet has an equal right to
emit greenhouse gases”. Contraction and convergence is an international framework for assuming
an equitable contribution to the arrest of global greenhouse gas emissions, with all nations working
together to establish and achieve an overall yearly emissions target — contraction. Moreover, all
nations converge towards equal per-capita emissions by a specified year — convergence. By
simultaneously contracting and converging, such a mechanism requires all nations to impose targets
from the outset (Cameron, 2003).

In light of the growing support for the GCI’s emission reduction regime, the GCI have produced a
simple spreadsheet model — CCOptions — to allow policymakers and researchers to investigate the
impact of varying the contraction and convergence years, as well as the target carbon dioxide
stabilisation levels.

5.2.1 Model description

Many climate models are complex, multi-dimensional programmes that represent the fluid
dynamics, thermodynamics, chemistry and radiative effects within and between the atmosphere,
oceans and biosphere. In contrast, CCOptions attempts neither to model the atmosphere, nor the
carbon-cycle. Instead, it uses the outputs and data from the UK’s Hadley Centre general circulation
model (GCM) and IPCC reports as a scientific basis for determining global and national emissions
trajectories. The strengths of the CCOptions model as a policy tool lie therefore in its internal
simplicity and the direct correlation between its clear policy-relevant outputs.

The CCOptions model distributes the global carbon budget between nations, depending on an
atmospheric carbon dioxide concentration target and individual nations’ populations, to reveal
national carbon emission reduction targets for each year up until 2200. By keeping the model
simple, policymakers can readily interpret its results, using them to set yearly targets for their own
nation’s carbon emissions.
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5.2.1.1 Input data

The CCOptions model comprises a set of Excel worksheets and accompanying documentation. The
main worksheet contains details of a proposed contraction and convergence scenario, as well as
graphs and data representing the key results. Supplementary worksheets contain input data and the
results for individual nations. The input data for the model come in two forms; the raw historical
carbon dioxide and population data for each nation, and the experimental parameters.

Fundamental to the model is a comprehensive list of all nations’ respective population and carbon
dioxide emissions data. Gathering such data is a non-trivial exercise due, for example, to national
boundary changes, poor carbon dioxide accounting etc. The nations that are used in the latest
version (Version 8.6) of CCOptions are those included in the Carbon Dioxide Information Analysis
Centre’s (CDIAC) 2003 listing. The carbon dioxide data for all nations is therefore taken from the
CDIAC database (CDIAC, 2004)® giving values in million tonnes of carbon for each year between
1800 and 2000. The model includes a nation labelled ‘other’ to which the difference between the
CDIAC’s estimate of total global emissions and the sum total of all the nations’ emissions is
allocated.

The population data used in CCOptions is taken from the UN median population figures and
forecasts (UN, 2002) and lists annual values for each nation between 1950 and 2050. The list of
nations includes one labelled ‘other’ intended to account for a number of small islands. In relation
to both the ‘other emissions’ and the ‘other population’, the GCI claim that because both values are
very small, they do not significantly effect the calculations for carbon emissions within the model.

An important characterisation of the model is the stabilisation of the population figures at a chosen
date between 2000 and 2050. The purpose of this ‘cut-off population date’ is to reduce any
incentive for a particular nation to increase their population and thereby their emissions allocation
(each nation’s emissions targets being based on their population). Clearly the appropriateness of
adopting a population stabilisation date is open to argument, however given that population
forecasts only exist up to 2050, the GCI consider maintaining a constant global population beyond
2050 an acceptable and appropriate simplification.

5.2.1.2 Model calculations

The CCOptions model calculates both the global and national carbon budget for each year between
2000 and 2200 using carbon dioxide and population data alongside a series of experimental input
parameters. The calculation is divided into two stages, contraction and convergence.

5.2.1.2.1 Contraction

The contraction process calculates the maximum amount of carbon that can be emitted in each year
from the start year up to 2200; this annual value being referred to as the global carbon budget.
Calculating the global carbon budget is itself divided into two stages.

The first calculates the budget between the start date and the contraction year — the year in which
this target is attained — by solving a quartic equation of the form:

z, =k+ly+my*+ny®+ py*...[1]

where z, represents the carbon emissions in a particular year y (Figure 1), k, I, m, n and p are
coefficients. The quartic equation is chosen as it produces a profile that adequately represents what

8 The only nation’s carbon emission which are not listed are those for Taiwan, where the data comes from the US
bureau of census
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the GCI consider to be a viable distribution of emissions over time®, with global emissions initially
rising, before continuously declining (contraction).
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Figure 6: An example contraction profile, with a contraction year of 2100, a contraction target of 2.5Giga
tonnes of carbon (GtC) and a 2200 carbon value of 1.8GtC.

The user defines a series of experimental input parameters within the model. These parameters are
subsequently used to solve sets of simultaneous equations that provide the variables k, I, m, nand p.

The input parameters are:
e The start year (ys)
e The value of carbon emissions in the start year (z,)
e The emissions growth rate in the start year (r,)
e The contraction year (y)
e The carbon emissions value in the contraction year (z,) — contraction target.
e The emissions decline rate in the contraction year (r,)
e The cumulative emissions between the years 1990 and 2100 (T)

The second stage of the contraction process (figure 6) continues from the contraction target, and
slowly and smoothly decreases the emissions profile year on year according to the equation

z2,,=01-a)z, +az, ...[2]
where « is a smoothing factor and z ; is a second carbon target — the global carbon budget value in
2200. z,; is calculated from the user-defined carbon dioxide concentration target in parts per million

by volume (ppmv) and the emission-concentration relationship based on Hadley Centre and IPCC
results (IPCC,1995, Hadley, 2002). Within the CCOptions model, the desired carbon dioxide
concentration level is reached after the contraction period.

° A smooth and continuous profile, which only rises once, and then falls once this maximum is reached.
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The model also has the facility to include an additional contraction stage — similar to that described
above. This would be necessary if, for example, an initial target of 550ppmv was later revised to
450ppmv.

5.2.1.2.2 Convergence

Having calculated the annual global carbon emissions budget, the model proceeds with the
convergence process. Nations converge towards equal per-capita emissions in a particular user-
defined year — the convergence year (yc). From this year onwards, equal per-capita emissions are
assumed to continue indefinitely with the actual value continuing a gradual decline. Within the
model, the path towards convergence obeys a linear relationship that takes into account each
nation’s share of the global population and each nation’s share of global emissions in the start year.
The share of each nation’s emissions in a particular year y is calculated using the equation:

Sy — So(yc B y)+ Pc(y_ yo) [3]
Ye = Yo
where:
e Sy is the share of a nation’s emissions in year y
e Sy is that nation’s share of emissions in the start year (yo)
e P.is the predicted population share of a nation in the convergence year
e Y. isthe convergence year.

Consequently a nation’s share of the world’s emissions from the convergence year onwards is equal
to their share of the world’s population.

5.2.1.3 Output data

Key results calculated by the model are displayed in graphical format on the front page of the Excel
spreadsheet including the global and per-capita emissions for a number of world regions (based on
evaluating equations [1], [2] and [3] during the contraction and convergence process). The carbon
dioxide concentration and global temperature profiles between the start year and 2200 are also
displayed (based on equations [1], [2] and [3] and dependent on the total global emissions released
during contraction and, to a lesser extent, on how they are distributed between the year 2000 and
2200).

To ensure that the carbon dioxide concentration displayed by the model matches the IPCC and
Hadley Centre predictions for cumulative emissions and their respective stabilisation
concentrations, CCOptions reproduces the relationships between cumulative emissions and carbon
dioxide concentration using regression formulae. All the pre-2000 concentration data in the model
are taken from the IPCC (IPCC, 1995).

5.2.1.3.1 Biogeochemical feedbacks

In 2002, The Hadley Centre produced model runs of the climatic response to increasing carbon
dioxide in an atmosphere in which the principal biogeochemical feedbacks were included (Hadley,
2002). The newest version of the CCOptions model produces 3 carbon dioxide concentration
profiles all based on the 2002 Hadley results, but each with a different level of feedbacks included:
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The first profile calculates the atmospheric carbon dioxide concentration in which no carbon sinks
or feedbacks are considered™®. For this calculation, values are obtained by simply adding each
year’s emissions divided by 2.12GtC (equivalent to 1lppmv) to the previous carbon dioxide
concentration value.

The second CCOptions profile is based on the Hadley Centre with sinks, but without carbon-cycle
feedbacks. A regression formula of the following form is used:
C,=C,,+004|A(y-A)+ Az, +AC, 2|...[4]

where:

e C,is the concentration in year y

ez, represents global emissions in year y (including the contribution from deforestation)

o A(i=0,1,2,3) are constants determined by regression to fit the curve to that of both IPCC and

Hadley projections.

This formula was produced using a least squares minimisation so as to match, as closely as
possible, the concentration-emissions relationship shown in existing documentation (IPCC, 1995,
Hadley, 2002).

The third CCOptions profile reproduces the relationship between emissions and carbon dioxide
concentrations for Hadley Centre results that incorporates carbon-cycle feedbacks. This
concentration profile is calculated using a similar regression formula to equation [4] and for years
where the year y is 2130 or earlier, takes the following form:

c,=C,, +0.04[B0 By -y, )+ Bz[zyzs + zyJ+ B,(C, ,—270)+B,(C, 1 —270)2} ...[5a]

beyond 2130, the equation takes the form:
C,=C,, + 0.04[80 1+ B,V130 + BZ(ZHS + zy] +B,(C, ,-270)+B,(C, , - 270)2} ...[50]

where B;(i=0,1,2,3,4) represents the constants required to reproduce the desired emission-
concentration relationship.

The terms in the above two equations relate to the year of emissions and the quantity of emissions,
as well as previous carbon dioxide concentration values and the concentration of carbon dioxide
twenty-five years previous.

In addition to the emissions and atmospheric carbon dioxide concentration curves replicated by
CCOptions, a temperature curve for both the non-feedback and feedback Hadley Centre model
concentrations is also produced. This uses a regression formula designed to reproduce the carbon
dioxide concentration and temperature relationships contained within the IPCC’s “best guess’ 2.5
°C sensitivity data."* The first stage in estimating the temperature profile is to apply a time lag to
the carbon dioxide concentration data. This accounts for the time it takes for carbon dioxide to be
absorbed by the oceans due to their high thermal capacity. The following formula is used:

Csmoothed = ﬂcy (1 - ﬂ)csmoothed —25y *** [6]

where:

o Csmoothed 1S the time-lagged concentration

e pis asmoothing coefficient

e C, the concentration in yeary.
The temperature is subsequently calculated for a given year and carbon dioxide concentration from
the equation:

19In other words, an estimate of the carbon dioxide concentration if all of that gas were to remain in the atmosphere.
112 5°C climate sensitivity means that the mean global temperature will increase by 2.5°C if CO, concentrations
double.
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Ty = DO + Dly + DZCy + D3 \/Cy + D4Cysmoothed + D5 \/Cysmoothed [7]

Where Ty is the temperature in year y, and D;(i=0,1,2,3,4) are regression coefficients.

5.2.2 Assessment of CCOptions model

To assess the suitability of the CCOptions model, two versions of the model were downloaded. The
first being the original version of the model as used to produce the UK Government’s 60% carbon
reduction target. The second being the newest version of the model which incorporated new
biogeochemical results from the Hadley Centre (Hadley, 2001, Bows and Anderson, 2005). The
initial stage of the analysis involved a rigorous assessment of the CCOptions model to identify its
general strengths and weaknesses. Secondly, identical experiments for both model versions that
attempted to reproduce the UK Government’s 60% target using a number of different contraction
dates and cumulative emissions values. In each case, the convergence year of 2050 was chosen in
line with the guidance given by the RCEP, (RCEP, 2000). Within the new version of the model,
experiments can be carried out that either incorporate biogeochemical feedback results from the
Hadley Centre, or omit such results. The third part of the analysis therefore looked in more detail at
the latest model version to see how well it reproduced standard experiments for stabilising carbon
dioxide concentrations at 450, 550 and 750ppmv. It also compared these results with those from the
earlier version of the model.

Based on the assessment of the CCOptions model further described in section 6.2 the decision was
taken to use the older version of the model for the project experiments. This decision was
essentially based on two key drivers. Firstly, although CCOptions adequately reproduces widely
accepted Hadley Centre model relationships between carbon dioxide concentrations and cumulative
carbon values for all nations between today and 2200, releasing the latest version was perhaps
premature as it attempts to reproduce Hadley Centre results that incorporate biogeochemical
feedbacks from the carbon-cycle whilst the magnitude of such feedbacks remains uncertain.
Arguably, the latest CCOptions model, in attempting to capture elements of the climate change
science still characterised by considerable uncertainty, jeopardises its credibility as a relatively
objective policy tool. Secondly, updates to the model render it different from that used to calculate
the UK Government’s 60% carbon reduction target.

5.3 C&C vs aviation experiments

To assess the impact of a growing aviation industry within a nation attempting to significantly
reduce its carbon emissions, a number of experiments comparing scenarios and forecasts of the
carbon emissions generated by the aviation industry are carried out using the CCOptions model. As
an initial stage, different contraction years and cumulative emission values were inputted into the
model to generate a profile that most clearly stabilises at the desired carbon dioxide concentration
level. When this initiation process was complete, the experimentation could begin. In all cases the
convergence year of 2050™ and contraction year of 2100 are chosen, but two different carbon
dioxide stabilisation levels, 550ppmv and 450ppmv were considered.

5.3.1 C&C vs DfT aviation forecasts

The UK Government forecasts shown in figure 5 for the coming 45 years are compared with
stabilising atmospheric carbon dioxide concentrations at 550ppmv - in line with the UK
Government’s 60% carbon reduction target, and with the lower level of 450ppmv as described in
section 6. No attempt has been made to ‘uplift’ the carbon emissions from aviation to account for

12 This is in line with the RCEP’s recommendation as mentioned in a previous section
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contrails and other gases, as there is much controversy over the scientific basis for applying such a
multiplier. The forecasts were developed following an assessment of a high and low capacity case
for the UK (DfT, 2003a). The high capacity case assumes new runways at Heathrow, Gatwick,
Stansted, Manchester, Birmingham and Edinburgh. The low capacity case assumes no new
runways. According to the DfT (DfT, 2004), in both cases the fuel efficiency improvements
assumed may be underestimates. The DfT produced revised forecasts based on these estimates,
which, as described previously, represent:

‘worst case’ — assumes limited fuel efficiency improvements, limited fleet renewal, and no
economic instruments and are based on the ‘high capacity’ case but with three, rather than
two, additional runways built in the South East of England, as well as, so-called,
unconstrained capacity in the regions.

‘central case’ — based on the ‘high capacity’ figures, but incorporating fuel efficiency
improvements envisaged by the IPCC (IPCC, 1999) and by the Advisory Council for
Aeronautics Research in Europe (ACARE)*,

‘best case’ — based on the ‘high capacity’ figures but estimates use economic instruments to
produce an additional 10% fuel efficiency saving from 2020 onwards, with half of that in
2010.

To examine the impact within the UK economy of the predicted growth in aviation-induced carbon
dioxide, a comparison is made between contracted profiles of emissions designed to stabilise carbon
dioxide concentrations at 550ppmv and 450ppmv and the DfT’s latest forecasts for carbon
emissions from aviation over the next 50 years. Results are described in section 6.2.1.1.

5.3.2 C&C vs UK aviation scenarios

The availability of detailed public domain data relating to the growth in carbon emissions from the
aviation industry is limited, particularly for nations other than the UK. Moreover, detailed aviation
emissions modelling requires access to not only a range of data, but also to aero-engine and route
models. The aviation scenarios developed here therefore use a methodology that is simple,
transparent and based on publicly available information. The objective is to highlight the likely
scale of the problems to be faced if demand is not explicitly constrained through either a
moratorium on additional airport infrastructure or further demand management measures (for
example, through a fuel or emissions charge).

Given the requirement of this project to construct carbon emissions scenarios from relatively simple
public domain information, three options exist. The first option is to base emission scenarios on
forecasts of future air traffic movement numbers, or to extrapolate on the basis of current flight
growth figures. EUROCONTROL’s Air Traffic Statistics (EUROCONTROL Air Traffic Statistics
and Forecasts Service (STATFOR), Forecast of Annual Number of IFR Flights (2003-2010)
provides air traffic growth estimates up to 2010 for International Flight Rules (IFR) flights
(EUROCONTROL, 2004a). ** Although this dataset has figures for all the EU nations, it was not
used for this project for the following reasons: 1) the scenarios are only up until 2010, 40 years
short of this project’s timeframe, and 2) the dataset makes assumptions that are not explicit
regarding, for example, engine efficiency, airframe design, load factors, flight distances and
different fleet mixes.

3 ACARE assume 50% fuel efficiency improvement between 2000 and 2050. To incorporate this, 15% is assumed to
be between 2000 and 2030, with a further 25% occurring between 2030 and 2050. The remaining 10% is already
factored into the original DfT figures and arise from assumed improvement in operational measures in aviation.

1 In December 2004, mid-way through the present research, STATFOR also produced air traffic growth estimates for
2004-25 (EUROCONTROL, 2004b).
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In terms of the second option, carbon emissions data from the aviation industry for each EU nation
is available from the United Nations Framework Convention on Climate Change (UNFCCC)™. For
each nation, the data are split into civil aviation and international bunker fuels for international
travel. Bunker fuel data are an approximation to each nation’s international aviation emissions split
50:50 between arrival and departure. If a projected or historical growth figure for aviation fuel use
in each EU nation for aircraft carbon emissions were available, then this could be applied to the
UNFCCC data to project emissions up to 2050. However, the only figure widely available in terms
of fuel burn growth is the 1.7% world average growth figure which appears in the IPCC (1999).
Growing EU emissions and specifically the UK’s emissions at this rate — which naturally includes
many nations where growth is much lower than the current European average — would likely
underestimate the true impact of the industry in Europe.

The third option of using passenger growth rates is used in this project as it is transparent and
relates most clearly to demand and hence to policy options. Although it is aircraft that directly emit
greenhouse gases, not passengers, passengers are obviously the key driver for aircraft traffic (we
have not considered freight at all here, but plan to do so in future work). Furthermore, according to
the DfT (DfT, 2005), both ‘passengers uplifted™®” and ‘terminal passengers'’” grew on average at
7% per year between 1993 and 2000. During which time, fuel consumption grew on average at 6%
per year (DUKES, 2005). This illustrates the close relationship between passenger growth rates and
fuel consumption growth rates, bearing in mind a fuel efficiency improvement of around 1% per
year accounts for the difference between 7% growth for passengers and 6% for fuel. Therefore, if
demand management proves necessary, then it is passengers who must be directly influenced.
Having an indication of future passenger numbers and growth rates is useful in this regard, and
passenger numbers are also likely to be more readily comprehensible to the wider public when
considering aviation policy options. Moreover, initial use of historical passenger growth rates as a
basis for constructing these emissions scenarios reveals the consequences of permitting on-going
growth in demand.

Three scenarios were developed for this project based on the knowledge of passenger growth rates
and fuel efficiency estimates as described in previous sections. It is important to note that use of
passenger growth rates as a basis for carbon emissions growth requires the assumption that the
mean length of flights remains unchanged. The characteristics of the three scenarios are summarised
below:

Scenario 1 — Government in the know!

Growth:

2004-2015 — continuation of pre-2001 trend of 6.4%"® per year

2015-2050 - reduction to 3.3% in line with DfT projections

Fuel efficiency improvements

2004-2050 - 1.2% per year in line with historical trends and future predictions

Bunfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/2761.php Tables 1.A(a)
sheet 3 and Table 1.C), apart from values for Cyprus and Malta. Some data on Maltese aviation emissions can be found
at unfccc.int/parties_and_observers/parties/items/2142.php

16 passengers flying on UK airlines

7 passengers passing through UK airports

18 This figure is slightly different from the CAA value of 7% shown in figure as it includes the figure for 2001 rather
than averaging over 1993 — 2000.
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Scenario 2 — Market soon matures

Growth:

2004-2010 — continuation of pre-2001 trend of 6.4% per year

2010-2050 — reduction to 3% representing market maturity

Fuel efficiency improvements

2004-2050 — 1.2% per year in line with historical trends and future predictions

Scenario 3 — Europe rules

Growth:

2004-2010 - continuation of the current trend of 7% per year

2010-2030 - reduction to 4% per year in line with European forecasts
2030-2050 — reduction to 3% per year representing market maturity

Fuel efficiency improvements

2004-2010 - 1.7% per year in line with BA target

2010-2050 — 1.2% per year in line with historical trends and future predictions

The first scenario is essentially in line with Government forecasts, but with an update to take
account of the recent growth seen both prior to 11 September, and the resurgence seen in the last
couple of years. The second scenario is more conservative, suggesting a significant drop in the
growth rate by 2010, indicating a major downturn in the industry.

UK Aviation Scenarios
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Figure 7: Three aviation scenarios for the UK’s aviation industry in terms of carbon emissions between
today and 2050.

The final scenario uses highly optimistic fuel efficiency improvements until 2010, suggesting that
the whole fleet operating in and out of the UK has improved fuel efficiency at BA’s target rates. In
terms of growth, a continuation of current levels is again curtailed to European projected growth
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rates until 2030. Following this period, the industry is assumed to be mature. The justification for
assuming the scenarios to have conservative growth rates in the absence of additional airport
capacity constraints is that:

a) the UK has a relatively mature aviation industry, yet contemporary passenger number increases
per year are still substantially higher than 3.3%: an on-going annual increase of 3.3% per year
is well within the bounds of possibility;

b) 3.3% is only 0.5% above current levels of GDP annual growth in the UK, and the aviation
industry has historically grown at levels well above GDP. A similar study also recently projects
UK passenger numbers increasing at 3, 4 and 5% per year up until 2050 (Lim, 2004), with no
explicit additional airport capacity constraint.

The impact of these growth scenarios on carbon emission from the UK’s aviation industry are
illustrated in figure 7.The difference between the early years of scenario 3 and the other 2 scenarios
is due to this scenario being produced after the release of the latest energy consumption data for
2004 from the Digest of UK Energy Statistics (DUKES, 2005) indicating that fuel consumption has
risen by 10% between 2003 and 2004. The range of emissions exhibited by the scenarios in 2030 is
17.3MtC to 22.5MtC, and at 2050 is between 24.7MtC to 32.3MtC. Scenarios 1 and 3 are therefore
close to the DfT’s ‘worst’ case scenario presented in figure 5, with scenario 2 bridging a gap
between the ‘worst’ case and the “‘central’ case. In none of these scenarios do the emissions level-
off. Without deliberate policy decisions for curbing the rate of air traffic and passenger growth,
there appears to be no reason to assume that the industry will stop growing within the timeframe of
this analysis (i.e. to 2050).

The three aviation scenarios described and illustrated above were then compared with 450ppmv and
550ppmv contraction and convergence profiles using the older version of the CCOptions model.
Results are described in section 6.2.1.

5.4 Assessing stakeholder opinions

Following the understanding of the aviation and climate issue gleaned from the research method
described in the previous sections, and the results illustrated in the following section, an
investigation into aviation stakeholder opinions of the situation as it stands was carried out. The
methodology of this assessment is described in the following section.

5.4.1 Stakeholder selection

A number of categories of aviation stakeholders were drawn up initially to ensure that a broad
spread of relevant stakeholders could be devised. The categories were:

- Academics

- Aircraft and part manufacturers — referred to collectively as manufacturers
- Airport operators

- Airlines

- Consultants

- Government

- NGO

A list of names underneath each category was then drawn up based on the most relevant job
responsibility. Where possible, individuals with responsibility for climate change issues, as opposed
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to other environmental specialisms were sought. Due to time pressures however, only a limited
number of interviews were possible. Therefore, all efforts were made to interview at least one
candidate from each category. To date, twelve interviews have been carried out.

5.4.2 Interview technique and guestions

The assessment took the form of a recorded telephone interview with a set of standard open
questions. No information was given to the interviewees with regard to the knowledge of the answer
to a particular question by the interviewer to ensure an absence of question leading, bias or
influential comments. All interviewees gave their consent to contribute.

The questions were as follows:

1.
2.

10.
11.

12.

13.

14.

15.

Could you describe your role within the company, and what your company’s business is?

The UK, along with many other nations, is experiencing renewed levels of high growth
within the aviation industry following a slowdown after 11" September attacks. What sort of
levels of growth in annual percentage terms are you seeing currently for both domestic and
international aviation? If you want to split this between long haul and short haul, this would
be helpful. [Please state whether this is in flights, passenger numbers, passenger kms etc]

Do you have any idea of what an overall figure for European international aviation growth
might be?

Do you or your company have or use forecasts for growth within the aviation industry? If
so, what data do you use — is it your own, government’s, provided by an outside body etc?

If you are aware of such figures, what are your forecasts for growth in the aviation industry,
for both international and domestic traffic for the UK over the next 10, 30 and/or 50 years?

Do you have any similar figures for European air traffic — i.e. within and between European
nations, as well as international traffic departing from or arriving in European countries?

What are the assumptions underlying the forecasts you use?

What are the current annual fuel efficiency improvements that are being seen across the
entire fleet in the UK and Europe? What are you seeing in your planes/fleet (if relevant).

What is the current fleet turnover on average within the UK and in Europe? Your fleet, rest
of fleet, long haul fleet, short haul fleet. How do you measure this?

How do you see the fuel efficiency of aircraft changing over the next 10, 30 and 50 years?

What technological or managerial advances do you see progressing through the aviation
industry over the next 10, 30 and 50 years?

Do you think that these advances will be driven by any one particular factor — e.g.
environmental noise, climate change, fuel prices, etc?

Are you aware of the UK Government’s long term target to reduce carbon dioxide
emissions? If so, what is it?

Are you aware that this target currently excludes international shipping and air travel? What
is your view on this?

This target is based on trying to help the world stabilise carbon dioxide concentrations at
550ppmv to avoid dangerous climate change. If the aviation industry were also included
within this target, what measures or methods do you envisage will enable the UK
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Government to reach this 60% reduction (this can be for other sectors as well as the aviation
sector)?

16. Currently this 60% target leaves the UK aiming to emit no more than 65MtC by 2050, but
there is also talk about the target needing to be closer to 32MtC. With the high rates of
growth currently being seen in the industry, this is likely to mean that the UK’s aviation
industry will be accounting for a greater and greater portion of this emission target. Is this
likely to influence the aviation industry in any way, and if so, how?

17. Obviously carbon dioxide is not the only issue when dealing with aviation and climate
change. The IPCC approximate that the true climate impact could be around 2.7 times that
of the carbon dioxide alone. What is your view on this figure and how it is used?

18. How do you envisage this additional problem could be addressed by the aviation industry?
Interviewees were told that any quotes taken from the interview and used in this and other reports

would be passed by them in advance of publication, and that their comments would remain
anonymous.
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6. Results

The results section of this report essentially mirrors the methodology section, presenting results
firstly about the CCOptions model, followed by experimental results generated using the
CCOptions model, and finally an assessment of the stakeholder opinions.

6.1 CCOptions model

The CCOptions model was developed as a simple policy tool and it is in relation to that function
that this part of the results section discusses its particular strengths and weaknesses.

With regard to the basic set-up of the model, the use of Excel spreadsheets makes it accessible to
many users. All workings and calculations are visible and modifications can be made easily thereby
offering a substantial degree of user flexibility. The model exists in two forms, one calculating the
carbon budget for all nations, the other grouping nations together in regions; both models take only
a matter of seconds to perform their respective runs. Whilst neither version gives the user the
facility to choose to output the results in a graphical format for a particular nation, national outputs
can be easily extracted by those users with moderate Excel experience.

6.1.1 Input data

Despite the carbon data used in the model originating from the Carbon Dioxide Information
Analysis Centre (CDIAC), a comparison of CDIAC data with that used in the CCOptions model
shows that whilst the majority of figures between 1979 and 1995 match, values prior to 1979 are
slightly different, with values for 2000 extrapolated from the 1995-1999 trend. According to the
GCl, they obtained the most comprehensive data available at the time of compilation. However,
manipulation of CDIAC data by the model writers was still necessary to produce the dataset used in
CCOptions (GCI, 2004). For example, when nations split and merge, such has recently occurred in
the Baltic States, CDIAC data had to be adjusted accordingly. Nevertheless, the current CCOptions
model would benefit from being updated with the most recent set of CDIAC data.

The population data used in the model is that readily available from the UN (UN, 2002) for the
years 2000 to 2050. Whilst the UN data is available in five year intervals, the CCOptions model
uses only the values at 2000, 2015, 2025 and 2050 with all interim values interpolated. Given the
UN provides a low, medium and high variant result for each country in each year, and the
interpolated values within the CCOptions model lie well within the UN’s range, the GCI approach
provides as reasonable approximation to the UN’s figures. The current model forecasts population
between 2000 and 2003 despite recorded data existing up to 2003. It would therefore again be
appropriate to update the model to include the latest data available. Furthermore, it may be
beneficial if the range of low, medium and high variant population figures were incorporated within
the model to provide uncertainty estimates for the emission profiles. This would enable model users
to set a target range for future years.

6.1.2 Model calculations
6.1.2.1 Contraction

The CCOptions model produces emissions pathways to contraction targets that are dependent on
both the carbon dioxide concentration target and the cumulative carbon emissions over the
contraction period. The process of generating emission pathways does, however, have some
drawbacks
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e |f the contraction target chosen by the user is too low for a particular experiment, (e.g. an 80%
contraction target in conjunction with a 450ppmv stabilisation and a cumulative emissions
value of 650GtC), the emissions profile will fall towards the contraction target, before rising
to meet the carbon dioxide concentration target and then falling again under the post-
contraction regime (Equation [2]). The cause of this undulating profile is the separate
treatment of the pre- and post-contraction year emissions; the contraction target emission level
is set by the user, whereas the value immediately following this is based on the target carbon
dioxide concentration level (Equation [3]). The model cannot allow such an undulating
profile, as once the contraction target is reached, the model is designed to produce continually
reducing global carbon emissions, in accordance with the Hadley Centre profiles (Hadley,
2002).

e There is an upper limit for the contraction target for each individual experiment. If the target
chosen is considered to be unrealistically high, then the emissions profile will dip prior to the
contraction date to ensure that value of cumulative carbon emissions (equivalent to the area
under the curve) is not exceeded. In this case, the profile is then forced to rise to meet the
contraction target. The model indicates when such a discontinuity occurs.

e The contraction year must lie between 2002 and 2100.
e The user requires some knowledge of the cumulative emissions over the next century.

During the post-contraction period, the contraction equation and therefore the emissions profile are
kept as simple as possible to reduce the need for any long-term and hence inevitably highly suspect
assumptions about the profile of the post-contraction emissions. The choice of a relatively simple
equation (Equation [2]) ensures that the target carbon dioxide concentration level is reached through
a slow, continuous emissions decline. A consequence of this simplicity is that the smoothing
parameter used must take values between, but not including, 0 and 1. The actual value of the
parameter, provided between 0 and 1, has very little impact on the actual form of the concentration
profile.

6.1.2.2 Convergence

In earlier versions of the model, there was an option for the user to choose between either the linear
formula (Equation [3]) or an exponential curve for calculating the convergence profile. However,
the GCI decided that providing a choice of equations, and hence convergence profiles, created
unnecessary argument over the rate of convergence that nations could achieve. In reality,
convergence is likely to take a variety of different paths, and it is doubtful that the path towards
convergence will be steady for each nation. However, given the appeal of the CCOptions model is
its simplicity, the GCI considered providing a linear convergence profile sufficient for those
policymakers likely to use it. Moreover, the flexibility of the model provides the competent Excel
user with an opportunity to modify the convergence equation, if they so wish, to devise alternative
convergence trajectories.

Whilst, the model literature recommends that the convergence year should lie between 2001 and
2100, the model itself gives a choice of convergence year up to 2200. The population cut-off year,
the year after which the population forecast remains constant, can be set at any year between 2000
and 2050. However, the population cut-off year should be before or coincident with the
convergence year, otherwise the equal per-capita values for each nation will not be equal after the
convergence year.

Clearly, it is impossible to specify emissions per capita accurately up until 2050 as population

numbers over the next 45 years may vary in ways not predicted in current forecasts. Therefore, it is
essential that population data is periodically updated so that new and improved targets can be set.
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Furthermore, any carbon reduction target set today will need to be re-examined as new and
improved data is published.

6.1.3 Output data

Experiments carried out with the CCOptions model are limited to carbon dioxide stabilisation levels
of between 350ppmv and 750ppmv. Such levels are widely discussed in relation to avoiding
‘dangerous climate change’. Until recently, the scientific consensus has regarded ‘dangerous
climate change’ to correspond to a global mean surface temperature increase of 2°C and a carbon
dioxide stabilisation level of 550ppmv. However, scientific studies are increasingly suggesting that
450ppmv is a closer correlation with a 2°C rise (Cox, 2005), requiring nations to make even larger
cuts in their carbon emissions than was previously thought necessary

The most important variable used in experiments conducted with the CCOptions model is the
cumulative emissions value, which is the sum of the carbon released in the 1990s, the cumulative
carbon emissions released during the contraction period and the cumulative emissions between the
contraction date and 2100. As the carbon dioxide stabilisation level is highly dependent on the
cumulative amount of carbon emitted up to stabilisation, and only remotely related to the actual
emissions path followed en route (IPCC, 1995), the choice of the contraction emissions target
within CCOptions is not particularly important.

Given the importance, within CCOptions, of choosing an appropriate cumulative emissions value to
achieve a chosen stabilisation concentration level, the model’s accompanying literature provides
substantial guidance. In the original version of the model, a range of cumulative emissions values
for 350, 450, 550, 650 and 750ppmv, taken directly from data published by the IPCC (1995), were
provided. For example, the cumulative emission value for 550ppmv was between 870GtC and
990GtC. The range, as opposed to a single value, arising from the different emissions scenarios
used within the GCMs. This range is subject to a further 15% increase or decrease depending on the
specific carbon-cycle model used in conjunction with the GCM (see below).

6.1.3.1 Including carbon-cycle feedbacks

The atmospheric concentration of carbon dioxide depends not only on the quantity of carbon
dioxide emitted into the atmosphere (natural and anthropogenic), but also on changes in land use
and the strength of carbon sinks within the ocean and biosphere. As the atmospheric concentration
of carbon dioxide increases (at least within reasonable bounds), so there is a net increase in the take-
up of carbon dioxide from the atmosphere by vegetation (carbon fertilisation). Changes in
temperature and rainfall induced by increased carbon dioxide affect the absorptive capacity of
natural sinks and climate change alters the geographical distribution of vegetation and hence its
ability to store carbon dioxide (Hadley, 2002). Indeed an increasing temperature speeds up the rate
of decomposition of carbon and hence decreases storage capacity of the land. The complicated and
interactive nature of these effects leads to uncertainties with regard to the size of carbon-cycle
feedbacks (Cox, 2005; Cramer et al., 2001). For example, dynamic global vegetation models used
to predict the carbon storage potential of soil and vegetation produce results that differ considerably
from model to model, (Cox, 2005, Freidlingstein, 2005). However, all models agree that a global
mean temperature increase will reduce the biosphere’s ability to store human-induced carbon
emissions.

In an attempt to incorporate carbon-cycle feedbacks, the Hadley Centre used a simple climate
carbon-cycle model that included feedbacks from vegetation, soils and the ocean. This model
reproduced the results of the Hadley Centre coupled climate-carbon cycle model and was used to
make new estimates of the emissions required to stabilise carbon dioxide concentrations at
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particular levels. Their results show that the amount of cumulative carbon dioxide emitted into the
atmosphere that is likely to lead to stabilisation at 550ppmv could be nearer to 680GtC, (Jones et al.
2005b; Hadley, 2002) than the range of 870GtC to 990GtC discussed above. They also show that
more carbon than was previously calculated can be released into the atmosphere to meet certain
stabilisation levels if no feedbacks are included. However, research comparing different models
carrying out fully coupled carbon-climate simulations indicates that a similar version of this Hadley
Centre model generates larger carbon-cycle feedbacks than the others with which it is compared
(Zeng et al., 2004, Friedlingstein et al, 2005).

Despite the absence of a clear consensus in relation to the scale of the carbon-cycle feedbacks, the
CCOptions model has been updated to include two calculations of the carbon dioxide concentration
profiles (based on some of the Hadley carbon-cycle work), one with and one without carbon-cycle
feedbacks, (Equations [4] and [5]). In addition, within the new CCOptions model, emphasis has
been taken away from recommending a particular cumulative carbon value, and redirected towards
the two concentration curves. This allows the user to determine suitable cumulative carbon values
based on their stabilisation level and whether or not they wish to include feedbacks. The resulting
difference between the 110-year cumulative emissions value required for the feedback and non-
feedback concentration profiles is significant. For example, a target stabilisation concentration of
550ppmv requires the cumulative emission value to be 640GtC when allowing for carbon-cycle
feedbacks, but nearer to 1000GtC for the non-feedback concentration curve. Evidently, this has a
dramatic effect on any calculations carried out using CCOptions regarding the percentage cuts that
individual nations have to make to reach chosen stabilisation levels.

A suggested improvement to CCOptions with regard to the cumulative emissions value is to enable
it to provide a cumulative carbon emissions value for the user based on the stabilisation level
required. This may ease the iteration process in finding the desired cumulative carbon emissions
value for a particular contraction and convergence date. However, this may be limited by the fact
that cumulative emissions values generated by climate models are not available for the full range of
contraction and convergence dates that the model can produce.

One obvious limitation to the CCOptions model is the inclusion of a particular Hadley Centre
model output, thereby ignoring other climate model outputs. Although a substantial body of
research does predict that future climate change will cause the land carbon sink to cease at some
point in the future and become a source (Cox et al., 2000; Friedlingstein, 2001; Jones, 2003; Zeng et
al., 2004; White et al, 1999; Lenton, 2000, Cox 2005) there exists at least one study that suggests a
persistent carbon sink (Cramer et al, 2001). However, all models show a weakening of the carbon
sink compared with the ‘no climate change’ case. However, the issue of whether or not the sink
becomes a source remains uncertain (Berthelot et al, 2005).

If dynamic global vegetation models are embedded within global climate models, uncertainties
associated with the effect of carbon dioxide fertilization on photosynthesis, the temperature
sensitivities of photosynthesis and plant and soil respiration feedback mechanisms become added
complications, (Lenton and Huntingford, 2003). Nevertheless, there is a clear consensus emerging
that calculations for carbon dioxide stabilisation levels should be revised to include the dynamic
evolution of vegetation and its influence on global carbon and water cycles (Cramer et al, 2001).

Prior to the contraction date, the CCOptions equations relate a parabolic emissions profile with the
atmospheric concentration curve. Post-contraction, the emissions curve is much simpler (almost
linear) and so CCOptions uses a simpler equation to relate emissions to concentration. Within the
latest CCOptions model, carbon-cycle feedback results are also taken into account during this post-
contraction period. Equation [2] is used to calculate the carbon emissions from the contraction date
onwards, and to do so, the target carbon dioxide concentration value is converted into an equivalent
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emission value for each year — each value being a fraction of this 2200 figure. Until the latest
version of the CCOptions model was released (i.e. excluding the carbon-cycle feedback data), these
figures were taken directly from the IPCC (IPCC, 1995). According to the IPCC, the concentration
value of 550ppmv is likely to have resulted from a total global carbon emissions value of 2.8GtC in
2200 — a value replicated in the old CCOptions model. However, this data does not correspond to
the new carbon-cycle feedback model results reproduced by the latest version of CCOptions.
Consequently, the GCI suggest new values for each stabilisation level. Once stabilisation is reached,
the emissions must exactly balance the natural climate system sinks. The revised estimates of total
global carbon emissions are therefore derived from carbon-cycle experiments. Table 1 illustrates
selected old and new figures:

Target carbon dioxide Old model version New model version
concentration level
350ppmv 0.2GtC 0.2GtC
450ppmv 1.5GtC 0.8GtC
550ppmv 2.8GtC 1.4GtC

6.1.3.2 Regression formulae

The process of developing equations for the CCOptions model that match with the Hadley and
IPCC results was very much a trial and error approach and, as the relationship between carbon
dioxide emission and concentration data for the different profiles differs in each case (350ppmv to
750ppmv), the use of one regression formula for all emission scenarios is not ideal.

In equation [4], the terms do not specifically relate to all the physical processes involved, but
instead attempt to give the best fit possible to existing data. For example, increases in the carbon
dioxide concentration, Cy depend on the carbon emissions z and the previous year’s carbon dioxide
concentration, which is an appropriate dependence. However, the relationship between the carbon
dioxide concentration and the year y seems strange. It may be representing some sort of evolution of
temperature, but as the carbon dioxide level stabilises, this relationship is likely to weaken (Jones,
2005 personal communication). It might be more appropriate therefore to incorporate the
temperature into this equation. The factor of 0.04 in the equation, in addition to the other constants,
helps to account for the carbon sinks.

Unlike equation [4], equations [5a] and [5b] do not appear to have any scientific basis, yet their
complicated nature implies so. It would therefore preserve the model’s aim to be a simple and
transparent policy tool, and treat this important relationship more scientifically, if a basic carbon-
cycle model equation were included, rather than rely on this rather unnecessarily complicated and
contrived formula. A similar conclusion can be drawn when looking at the temperature equation [6].

To find out how well the CCOptions model reproduces the latest Hadley Centre output, equations
[4] and [5] were applied to non-feedback and feedback results for 450ppmv, 550ppmv and
750ppmv provided by the Met Office (Chris Jones, private communication). Compared with figures
8(b) and (c), figure 8(a) demonstrates that the CCOptions equations most adequately reproduce the
Hadley Centre data for the 450ppmv scenario. For this scenario the largest discrepancy between the
CCOptions feedback carbon dioxide concentration and the Hadley Centre carbon dioxide
concentration occurs in the years prior to 2050 (though for policy purposes the discrepancy is
insignificant).
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Figure 8: Carbon dioxide concentration profiles for (a) 450ppmv, (b) 550ppmv and (c) 750ppmv. The
Hadley profile represents the latest carbon dioxide concentration profile aiming to stabilise at 450ppmv,
550ppmv and 750ppmv respectively. The non-feedback GCI profile is the result of applying the GCI’s
equation [4] to the Hadley Centre’s non-feedback cumulative carbon emission data. The feedback GCI
profile is the result of applying the GCI’s equation [5] to the Hadley Centre’s cumulative carbon emission
data where carbon-cycle feedbacks are incorporated.

For the 550ppmv results, shown in figure 8(b), the non-feedback curve more closely resembles the
Hadley Centre results than the feedback curve, with the feedback curve indicating that less carbon
can be emitted to achieve 550ppmv within CCOptions than suggested by the Hadley Centre data
(again the discrepancies are small in policy terms). Both the non-feedback and feedback curves for
750ppmv do not stabilise at the desired level (Figure 8(c)). Experiments with the CCOptions model
also show that the 110-year cumulative carbon emission values required to reach those stabilisation
levels are similar to the latest Hadley results. Therefore, the CCOptions model equations better
reproduce non-feedback results than the feedback results.

6.1.4 General issues

As a general criticism, the current version of the model only includes one greenhouse gas — carbon
dioxide. It could be argued that as the dominant greenhouse gas, and as CCOptions has been built as
a simple policy tool, it is unnecessary to include other gases from Kyoto’s basket of six. However,
if the model is to be useful globally, and greenhouse gas emission levels are to be correctly
converted into temperature increases, then including the other greenhouse gases will be beneficial
for countries to set targets for all emissions, rather than just for carbon dioxide. Moreover, it may be
wiser to include known contributions to climate change, such as the effects of the other gases, prior
to the inclusion of the uncertain carbon-cycle feedback effects.

Other simplifications within the model include the treatment of deforestation and bunker fuels, both
of which are assumed to be world overheads. In other words, rather than ascribing emissions to
individual nations, an additional amount of carbon is added to the global total each year. Predicted
carbon emission values for deforestation over the 1990 and 2100 period are 50GtC and are expected
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to decline to negligible levels from 2075 onwards. As there is a current paucity of data on
deforestation, this seems a reasonable approximation.

No figures for bunker fuels, which are intended to account for international aviation, have been
included in the current version of the model due to a lack of relevant data. It is hoped that in future,
international transport emissions will be apportioned between nations, and then added into the
model within each nation’s carbon emission budget. The current growth rate of the aviation
industry, particularly within Europe, points to an urgent need to update and improve this aspect of
the model (Bows and Anderson, 2005).

6.2 C&C results

In the following section, results comparing contraction and convergence profiles with aviation
emissions forecasts and scenarios are described. The purpose being to highlight the impact a
growing aviation industry will have on a UK economy attempting to reduce its carbon emissions
year-on-year to contribute towards stabilising global carbon dioxide concentrations at a level that
aims to avoid dangerous climate change.

6.2.1 C&C vs aviation forecasts and scenarios

The climate change implications of the projected on-going growth in global aviation emissions over
the next 50 years are becoming increasingly controversial. This is particularly so in the UK, an
island state with both a major international aviation hub in the form of Heathrow airport, and the
Government’s 60% carbon reduction target. Add to this ministerial prioritisation of climate change
for both the EU and G8 presidencies in 2005, an air transport white paper with the stated aim of
including intra-EU flight emissions in the second phase of the European Emissions Trading System
(i.e. from 2008), and entry into force of the Kyoto Protocol in February 2005, and it is not perhaps
surprising that the climate impact of aviation emissions is an increasing focus of attention.

Through 2003-4, the UK House of Commons Environmental Audit Committee vigorously debated
projected aviation growth and its impacts with the DfT. The Committee’s concern about the impact
of aviation emissions on the UK’s long term carbon dioxide reduction target was echoed by the
House of Lords EU sub-committee on environment and agriculture in November 2004 (House of
Lords, 2004), who recommended incorporating the full climatic forcing effects of intra-EU aviation
emissions into the European Emission trading Scheme at the earliest possible opportunity.

The UK House of Commons Environmental Audit Committee (2004) has questioned whether an
EU or international emissions trading system can accommodate global projected aviation growth
while “delivering carbon reductions of the order needed” and questioned DfT as to whether and
what modelling had been undertaken on this matter. DfT replied that they had not modelled this for
the EU emissions trading scheme but would need to.?° More significant, perhaps, was DfT’s
response to Q.343 on what modelling had been undertaken: DfT makes it clear that in its view the
60% target relates to “‘domestic’ emissions only and that if the UK was to be held responsible for its
international aviation emissions on the basis, for example, of a 50:50 split between origin and
destination countries, then the 60% target would need to be re-examined.

Clearly, aviation emissions are increasingly a high-stakes issue, raising serious technical and policy
concerns. For example, the question of properly dealing with high altitude effects alongside ground
level greenhouse gas emissions in an emissions trading system (Lee and Sausen, 2000; Cames et al,

19 See: www.number10.gov.uk/output/page6260.asp
20 Mr. G. Pendlebury’s response to Q.349, uncorrected transcript of oral evidence to be published as HC 233-iv.
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2004), leading to debates centring on scientific uncertainties, location- and region-specific effects
and the need to avoid perverse signals to manufacturers and airlines®. More than any other industry
sector, aviation emissions threaten the integrity of the UK long-term climate change target. The UK
Government response to this challenge will likely influence the reaction of other European states.
As Europe’s position is in turn important in terms of international progress on a post-Kyoto
agreement, examining the implications of aviation growth under conditions of an international
550ppmv, 450ppmv or other stabilisation commitment is becoming an increasingly pressing issue.

6.2.1.1 C&C vs DfT aviation forecasts

As a first step to assessing the implications of projected growth within the aviation industry, the
DfT’s aviation forecasts are compared with output from CCOptions. Figure 9 illustrates the results
for a profile that stabilises carbon dioxide concentrations at 550ppmv using the version of the
CCOptions model that is consistent with the UK Government’s 60% target. Similarly, the figure
illustrates a profile that stabilises carbon dioxide concentrations at 450ppmv. Both the profiles set a
convergence date of 2050, as assumed in the UK’s 60% target. The DfT’s ‘worst’, ‘central’ and
‘best” case forecasts for carbon emissions generated by the UK’s domestic and international
aviation industry are also plotted.

C&C vs DfT aviation emission forecasts
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Figure 9: DfT aviation forecasts in terms of carbon emissions for the UK in relation to contraction and
convergence profiles for 450ppmv and 550ppmv, each with a convergence date of 2050. The contraction and
convergence profiles were generated using a version of CCOptions consistent with the UK Government’s
60% carbon reduction target.

2! For example, applying a multiplier to carbon dioxide to represent radiative forcing, without a flanking instrument
such as a tighter NO, standard for aero-engines, could lead manufacturers to raise engine efficiency at the expense of
higher NO, emissions, so increasing the formation of ozone, a greenhouse gas. On location specificity: contrails form in
a vertically narrow zone of the atmosphere and under particular conditions; regionally, ozone formation varies by
latitude in response to temperature and ambient pollution.
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The contraction profiles for 550ppmv in figure 9 again show where the UK’s 60% target is derived
from: between 2000 and 2050, carbon emissions reduce from around 150MtC to around 65MtC —
around 60% lower than current levels. To stabilise carbon dioxide concentrations at 450ppmv,
emissions would need to further reduce to around 80% lower than current figures by 2050.

Turning to the aviation forecasts illustrated within figure 5 in section 4 and again here in figure 9,
the results show that under the DfT’s ‘worst’ case forecast, carbon emissions from the aviation
industry are close to 100% of the total carbon budget for the 450ppmv profiles by 2050. This is
particularly worrying as recent scientific research (Elzen and Meinshausen, 2005) indicates that
stabilising carbon dioxide concentrations at levels closer to 450ppmv rather than 550ppmv will be
necessary to avoid so-called dangerous climate change. Furthermore, even under the DfT’s best
case forecast, 50% of the UK’s contracting carbon budget under the 450ppmv regime will be taken
up by the aviation industry by 2050. Allocating such a huge proportion to one sector will inevitably
have significant consequences for all other carbon-emitting sectors of the economy. It should also
be stated that the data within the CCOptions model does not include international aviation. If such
data was included, then the cuts necessary to achieve the desired stabilisation level would in fact be
larger, therefore the results here are likely to be an underestimate of the true scale of the problem.

Looking at the 550ppmv profiles, even the DfT ‘best’ case forecast is taking up 24% of the
contracting carbon budget by 2050. The aviation industry currently accounts for around 5% of the
UK’s carbon budget. The shift to this much higher proportion would indicate that other sectors need
to substantially decarbonise to compensate for air travel, either through reductions in demand or a
move towards a low-carbon energy supply.

6.2.1.2 C&C vs UK aviation scenarios

C&C vs UK aviation scenarios
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Figure 10: Tyndall aviation scenarios in terms of carbon emissions for the UK in relation to contraction and
convergence profiles for 450ppmv and 550ppmv, each with a convergence date of 2050. The contraction and
convergence profiles were generated using a version of CCOptions consistent with the UK Government’s
60% carbon reduction target.
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In a similar analysis, the Tyndall aviation scenarios as described in section 5.3.2 are compared with
the same contraction and convergence profiles as those used to investigate the impact of aviation
growing at rates predicted by the DfT previously.

Clearly, despite starting from a relatively low base in 2003, a fact often stressed by the aviation
industry (see section 6.3.4), the rate of growth of the industry combined with the fuel efficiency
improvements used in these scenarios lead to a rapid increase in the proportion of the UK’s total
carbon budget being emitted by this one industry. By 2020, the range of carbon emissions being
generated by the aviation industry is between 14.5MtC and 17.3MtC. This compares with the range
of 13.4MtC and 16.5MtC predicted by the DfT’s forecasts as shown in figure 9.

Under the 550ppmv contraction and convergence profile, the scenario range is therefore
contributing between 10 and 12% of the total carbon budget in 2020. Whereas, if the 450ppmv
profile is to be aimed for, already by 2020, the aviation industry is taking up between 13 and 15%.
Similarly for 2030, the figures range between 14% and 18% for the 550ppmv profile and 21% and
30%. What is also particularly interesting to note is that the quantities of emissions being generated
by 2030 are already close to the 2050 target. This will mean that the aviation industry will have to
work extremely hard to stabilise emissions at least from this date onwards, to avoid exceeding the
target altogether, leaving little or no leeway for other sectors of the economy. Furthermore, by
2050, only Scenario 2 does not exceed the 450ppmv target, but even this scenario is contributing to
77% of the total carbon budget. Under the 550ppmv profile, the range taken up by the aviation
scenarios is between 38% and 50% of the total.

The results presented here present a stark picture. If, as is now commonly thought (Hadley, 2005),
the UK needs to put itself on a path towards reducing emissions by 80% by 2050, rather than 60%,
corresponding with the 450ppmv profile, then the aviation industry can not continue to grow at
current rates, or those rates forecasted over the coming 20 years, without significant step changes in
aviation technology or management to reduce fuel burn.

6.3 Stakeholder opinions

As described in the methodology section of this report, a number of stakeholders were interviewed
to investigate the opinions of aviation industry stakeholders in relation to aviation growth and
climate change. The questions are listed in section 5.4.2 and the responses are summarised under
the headings below.

6.3.1 Aviation growth

When asking questions relating to current aviation growth, the majority of the respondents
immediately quoted future growth figures rather than those being seen today within the UK.
Whether or not this was a deliberate attempt to ignore the current very high levels of growth being
seen, or simply because the culture is always towards looking to the future is unclear. Specific
responses to the question of current growth are highlighted in this section.
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6.3.1.1 Current aviation growth

There was a huge variation in the readily available knowledge of interviewees on current levels of
growth for either the UK or Europe ranging from no declared knowledge at all from airline, airport
operators and government interviewees, to specific regional and national figures up to a maximum
quoted figure of 12% per year, in terms of passenger numbers for the UK, according to a consultant.
Those interviewees whose companies produced their own forecasts had the best knowledge of
current growth rates. The most commonly referred to figure for growth in the UK was between 4-
5% per year in terms of passenger numbers, similar to the average growth rate for the rest of
Europe. Specific figures of interest quoted by interviewees were a 7% per year global growth figure
in terms of passenger-kms and a comment from one of the airline manufacturers that the aviation
industry is currently seeing remarkable growth, particularly in terms of freight.

When the stakeholders were asked about the published current rate of growth of 8% per year in
terms of passenger numbers for the UK’s aviation industry (CAA, 2004; DfT, 2005), most were
unaware of this figure, or felt that it may unfairly take into account transit passengers. One airline
manufacturer who said that UK growth was currently about 4.5% in terms of passenger-kilometres,
suggested that the difference between these figures could be accounted for by; a) higher growth in
low-cost carriers than traditional airlines b) their correspondingly higher load factors and c) the fact
that these carriers do not fly as far. However, the latest figures released in October 2005 from the
DfT show a 7% increase in passenger-kilometres between 2003 and 2004 (DfT, 2005). There was
also some feeling that growth rates had bounced back from the blip between 2001 and 2002, and
may therefore be higher than usual between 2003 and 2004 as the industry recovers.

6.3.1.2 Future aviation growth

The interviewees were generally much more confident in their knowledge of forecasts and
projections of growth than of the current levels of growth being seen within the UK and Europe.
This may be because those interviewed tended either to produce detailed forecasts themselves or
use detailed forecasts produced by others, and appeared to pay less attention to the current figures
available from the Civil Aviation Authority (CAA, 2004), the DfT (DfT, 2005), the UNFCCC
(NEI) and DTI (DUKES, 2005). On the other hand, none of the interviewees were prepared to give
growth figures for longer than 20 year periods. The advantage of more detailed knowledge of
forecasts meant that interviewees were also able to provide some information on the kind of
variation in growth rates that are likely to be seen within the industry. For example, more than one
respondent indicated that higher levels of growth are expected in intra-European short-haul flights
rather than long-haul traffic, despite the recent recovery in transatlantic flights. This growth is likely
to be particularly attributable to robust growth in terms of low-cost European carriers, which are
currently exhibiting the highest levels of growth.

According to the airline manufacturers interviewed, the aviation industry is likely to see sustained,
high growth over the coming 20 years, with the highest growth likely to be seen in China — around
8% per year in terms of passenger numbers, and the lowest in the US where the growth rate is likely
to be around 4% per year. One airline manufacturer stressed however, that this level of growth will
still have a significant impact on the numbers of aircraft that will be required as the base level
within the US is already extremely high. They also commented that the impression the US aviation
industry likes to portray is that of a struggling industry, but business is in fact buoyant and growing
apart from within a small number of airlines. An interviewee from government said that globally,
most of the forecasts that project traffic growth tend to give a figure of the order of 5% per year,
with significant regional variations. As the aviation industry is international, they said that it was
difficult to give a forecast figure specifically for the UK, and prefer therefore to look at Europe as a
whole. Here they predict an annual passenger traffic growth figure of around 4%. However, one
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aircraft manufacturer did point out that there are many constraints to growth in the aviation
industry, particularly the difficulty in getting permission to build new airport infrastructure.

There was a general consensus amongst the stakeholders that the growth rate in terms of passenger
numbers in Europe is likely to be between 4 and 5% per year, with eastern Europe expected to see
somewhat higher rates of growth. Despite the aviation industry being mature within many European
nations, the 5% per year growth of the European aviation industry predicted by airline
manufacturers to continue until 2020 is higher than the US’s growth projection because of the
current relatively low propensity to travel of central and eastern Europeans. For example, growth
within the aviation industry in Poland is currently 20% per year according to Boeing forecasts
(Boeing, 2004). The reason that stakeholders believed this situation to be maintainable is due to the
prospective influence of the low-cost airlines, particularly within these relatively new markets.

The airline and airport operator interviewees were unable to give any specific figures for predicted
growth rates for the UK or Europe, although they did say that they expected the UK to grow at a
similar rate to the rest of Europe.

Only one interviewee referred to predicted growth in cargo, and quoted a figure of 7% per year in
terms of freight-tonne-kilometres.

6.3.1.3 Forecasts used and assumptions made

Those stakeholders whose companies or organisations produced their own forecasts said that they
were based on economics, although two of the airline manufacturers differed considerably in what
they said were the drivers of growth. One said that GDP growth was not nearly as important as may
be expected, with exchange rates and international trade also key drivers. Whereas, another stated
that Europe is likely to follow the same economic model as the US, where the aviation industry is
now mature. They said that historically, the growth rate in the US has been a couple of percent more
than annual GDP growth, with a gradual slow down to a figure that is eventually equal to that of
GDP. However, one could argue that the aviation industry is indeed mature within the US, and yet
growth there is still considerably higher than the GDP growth rate.

With regard to the UK Government forecasts as shown in the Aviation White Paper, some
government interviewees said that the figures are likely to be revisited towards the end of 2006. It
should be noted however that there is a discrepancy between the figures used (DfT, 2004) to
produce the emissions forecasts in the Aviation White Paper and its diagrammatic representation
within the White Paper.?. This discrepancy is at worst a 20% difference in the emissions forecast in
2010.

The DTI also produces its own forecasts for aviation growth which are, according to an interviewee,
based on unconstrained demand forecasts. However, it was stressed that this is often misinterpreted
to mean that there are therefore no constraints whatsoever on the forecasts, and that this is not the
case. There are already many constraints on airports in terms of noise and local pollution
regulations, capacity constraints etc which are all taken into account in these so-called
unconstrained demand forecasts. Unfortunately however, there have not been any updated publicly
available forecasts produced by the DTI since 1996.

22 The orange plot on page 25 of the Aviation White Paper should be shifted five years to the right to be correct.
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6.3.2 Fuel efficiency and fleet turnover

As described in section 3.4, fuel efficiency improvements have an impact on the emissions
produced by the aviation industry, and fleet turnover in turn affects these efficiency gains. The
quicker the fleet is renewed, the higher the fuel efficiency improvements. In the following section,
the aviation industry stakeholders were asked for their knowledge on both fuel efficiency and fleet
turnover.

6.3.2.1 Fuel efficiency

There was a general consensus that historically, fuel efficiency has been improving at about 1-1.5%
per year across the entire fleet, and that this figure is broadly what is being seen today. The ACARE
targets, as described in section 3.4, were mentioned by the interviewees from aircraft manufactures,
airlines and airport operators as being key drivers and attainable in terms of fuel efficiency. Specific
caveats relating to the ACARE targets were pointed out during the interviews however. For
example, an interviewee from an airport operator noted that there is a target of reducing carbon
dioxide emissions by 50% per passenger by 2020 for those aircraft manufactured within the EU.
However, they suggested that any targets being aimed for by European manufacturers are also
likely to influence the design and production of aircraft by competitors outside of the EU. The
operator also noted that although the efficiency targets are important and attainable, the challenge
still remains to ensure that any efficiency gains in terms of absolute emissions are not outstripped
by growth.

It was argued by an NGO interviewee that the current efficiency gains of 1% per year over the
entire fleet could in fact be pushed to 2% per year, if the right kinds of incentives in the form of
taxes, charges and trading were implemented. They stated that until this was the case, new and
innovative ways of further improving fuel efficiency would not come to the fore. There was also
concern expressed about British Airways’ 1.7% per year efficiency gain target over their entire
fleet. It was felt that this was very high considering they already have a relatively young fleet, and
questions were raised over what this figure was being compared with in the past — for example, was
Concorde in the previous calculations? Comparing the current fleet with one that included
supersonic aircraft will naturally have an impact on the efficiency gains seen. This point merits
further investigation. A consultant interviewed highlighted the fact that a step-change in terms of
fuel efficiency is really what the industry is looking for, but as long as it sticks with predominantly
aluminium airframes and a swept wing design, this is unlikely to happen.

According to one of the aircraft manufacturers, a detailed study has been recently carried out
looking at the historical and projected fuel efficiency improvements for the UK’s aviation industry.
The study investigated the seven biggest UK airlines, and compared the aircraft they had in 1990
with those of 2000. Using typical load factors and standard aircraft efficiencies, analysts then
worked out the efficiency gains in terms of fuel per revenue passenger-kilometres. Between 1990
and 2000 these airlines saw a 21% improvement. To project future efficiency gains, forecasts were
used of how the fleets would grow and change. The study predicts that by 2012, there will be a 34%
improvement compared with 1990 levels. This averages at about 1.5% per year in terms of
compound annual change. Although this is higher than the 1% per year figure often quoted by the
UK Government (DfT, 2003b), the UK airlines discussed within this study have some of the newest
planes in Europe, and would therefore be expected to have made better gains than others between
1990 and 2000. In terms of what proportion of this gain is from the different elements effecting
efficiency, around 1% per year is from improvements to the engine design. This translates as an
engine in a new aircraft in 2020 being 20% more efficient than the best one produced in 2000.
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An airline interviewee also had detailed figures on energy efficiency improvement targets. Their
aim to improve fuel efficiency across their entire fleet by 30% between 1990 and 2010 has already
seen improvements of 27%. This gain is apparently reflected by regularly updating the fleet, buying
more efficient, new aircraft, and a focus on cost minimisation. The price of fuel was highlighted as
a key driver towards improving fuel efficiency®®, therefore the airline looks to ways of reducing
aircraft weight, improvements in air traffic management using new technology onboard its aircraft
to produce more direct routings and increasing its load-factor. However, it was stated that any
action taken to reduce fuel consumption must also take into account of the impact of aircraft in
terms of noise, local pollution and other emissions. Therefore, there is often a trade-off that needs to
take place. An airline interviewee stated that fuel price has always been a key driver, and therefore
they have continually been improving their fuel efficiency. However, if the price of fuel was to
continue to increase, they stated that this would not necessarily lead to extra fuel efficiency
improvements on top of those already planned.

The historic improvement trend in terms of fuel efficiency as measured in seat kilometres per kg
fuel consumed has been about 1% improvement per year according to a government stakeholder.
This does not necessarily relate to the number of passengers carried and hence the load factor of the
aircraft. They didn’t think that this figure would be likely to change significantly over the short,
medium or long term, although fortunately it is affected by many different drivers including aircraft
size, engine design, airframes, passenger handling, air traffic management etc. They also stated that
this is a conservative industry, and therefore unlikely to see improvements beyond its current
performance.

One interesting point of view expressed by one of the aircraft manufacturers however, was that they
notice a limited amount of interest and research into how to change the aviation industry. They felt
that most of the research money was still going into squeezing 1% per year efficiency
improvements out of a jet engine. They therefore felt that incentives need to come quickly to help
the industry to make radical changes.

To summarise, it appears then that the aircraft manufacturers and airlines are generally confident in
the efficiency gains they are likely to see in the future, and in meeting their ACARE targets. On the
other hand, interviewees from government, NGOs, airport operators and the consultants felt that not
much more could be done to improve the rate of efficiency gains, and NGO and consultant
interviewees suggested that some of the targets appeared ambitious without new incentives.
Furthermore, the issue is confused by the difference between metrics used to measure fuel
efficiency. For example, the IPCC (IPCC, 1999) and UK Government tend to use a change in seat-
kilometres per kg fuel consumed as the measure, whereas an airline stakeholder and one of the
manufacturers used fuel consumed per revenue passenger km. This second metric is therefore
affected by the aircraft’s load factor. However, it should be noted that if the load factor is increased,
but everything else remains the same, then the efficiency per passenger of the aircraft has improved,
but the fuel efficiency of the aircraft itself has not. In other words, the same amount of carbon
dioxide will be being emitted by the aircraft. This could lead to an emissions reduction if the
passengers used to fill up this aircraft would have flown on a separate flight. If, however, they are
new passengers, then the absolute emissions will be increasing.

6.3.2.2 Fleet turnover

Those interviewees with some knowledge of fleet turnover in Europe were in broad agreement that
the average age of an aircraft is between 6-9 years, with freighters being somewhat older. The UK
is at the top end of this average age. One of the manufacturers stated that improvements in terms of

2% 10% of the overall cost according to an airline stakeholder interviewed
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fuel efficiency of new aircraft give a greater incentive to ditching old aircraft and purchasing new
ones. This should lead to a shortening of aircraft age rather than a lengthening. There was some
disagreement however on whether or not aircraft would be built to last shorter lengths of time in the
future. One manufacturer felt it was certain to be the case with a drive towards cheaper materials
with which to build the aircraft, others were unsure.

6.3.3 Advances envisaged

There was a great deal of variety in terms of the technological and managerial advances envisaged
by the different interviewees, as demonstrated below.

6.3.3.1 Technology

In terms of alternative fuels, there was a general consensus that hydrogen would not be used as an
aircraft fuel for at least 30 years, if at all. The key constraints cited were the implications for a
redesign of the aircraft, the need for a world-wide hydrogen fuel supply and concerns over water
vapour emissions. Furthermore, one manufacturer suggested that only when there has been a world-
wide supply of hydrogen for land-transport for at least 10 years, will the aviation industry consider
hydrogen. Some of the interviewees also indicated that the aviation industry sees itself as
consuming the last drop of oil on the planet whilst everyone else has re-engineered themselves to
reduce their fossil-fuel consumption. Therefore technologies perceived as difficult by the industry
are unlikely to receive much attention over the coming decades.

The possibility of using biofuels in aircraft received a slightly more positive response in terms of
technological feasibility and acceptability. The manufacturers stated that there was no reason why it
could not be used in current aircraft, but that the key barrier was making it economically viable. As
long as it costs more to produce, natural kerosene will be used. An airline interviewee couldn’t see
biofuels breaking through into the aviation industry for at least 30 years, and felt that the likelihood
is that any such alternative fuel would be used in land transport as a cheaper option in the first
instance — a view reiterated by a government interviewee.

Changes in airframe design again appear to be limited, with only radical changes likely to be seen
after at least 30 years according to the respondents. In the short term, manufacturers envisage
changes to the materials used to build the aircraft, such as carbon composites, which will make the
aircraft lighter and cheaper to produce. It is also expected that all aspects of current aircraft design
will be optimised before new designs come onto the market. Such design improvements are already
in the process of coming to fruition. For example, the new aircraft from Boeing — the Dreamliner —
will be 50% carbon composite. Further improvements in engine design and weight are also
expected.

The blended-wing body design or ‘flying wing’ as described in section 3.2.1 was mentioned by a
number of respondents as something they expected to see in the longer term. One government
interviewee said that they would be surprised if there wasn’t a move towards blended wing body
eventually, as it offers a small step-change in terms of fuel efficiency. One of the manufacturers
also added that “flying wings” will permit putting the engine on top of the aircraft, thereby reducing
the noise impacts, and hence giving further fuel efficiency improvements.

Other specific technological advances mentioned by the interviewees included the issue of
supersonic aircraft — one aircraft manufacturer stated that they were not looking to produce any
such aircraft in the foreseeable future, whereas a government interviewee thought that the US was
keenly investigating the possibility of small supersonic jets. For short-haul travel within Europe,
one government interviewee suggested that advanced turbo-props might be brought into the mix

57



due to their fuel-burn benefits. However, the technology with regard to acoustic damage would need
to be addressed prior to their introduction. Air-to-air refuelling was also mentioned as another
measure to improve the energy efficiency of a flight.

6.3.3.2 Management

Although respondents listed a number of technological advances that they could envisage over the
coming decades, the majority expected more to be done in terms of reducing fuel burn through
better air traffic management prior to the technological advances listed above. One of the
manufacturers also indicated that their business was keen to reduce emissions not only within the
aircraft themselves, but also in the production of the aircraft and encouraging their business
partners, suppliers and subcontractors to do the same. An NGO interviewee felt that in the short-
term, most efficiency gains would be operational and focus on eliminating the inefficiencies that
exist such as flying more direct routes, avoiding keeping aircraft in holding patterns and pushing for
higher load factors. They also felt that a closer examination of plane rotations was needed. For
example, at present it sometimes appears to be economical for an airline to fly an empty plane back
to its origin just so it is in the right place at the right time. One airline interviewed felt that all
airlines would be further developing their fuel management systems, and working hard to measure
their own carbon dioxide emissions.

One issue that was mentioned by all respondents and was re-iterated on a number of occasions was
the problem of the trade-off between noise and fuel-burn. In the past, noise has been one of the
biggest issues for manufacturers and airlines. However, noise abatement technology is often heavy
and therefore leads to greater fuel burn. An airline interviewee said that the new Airbus A380 has
been specifically designed to meet certain noise requirements, and it is therefore up to 2% less fuel
efficient than it could have been. Furthermore, one of the aircraft manufacturers stressed the
importance of the noise issue within this debate. They said that noise is still a huge and costly issue,
and any decision on whether or not to build a new airport will be fought on noise terms rather than
climate change terms. They pointed out the apparently ridiculous situation where a small island
nation such as the UK chooses not to build its airports near to the sea and away from built-up areas
where noise is less of a problem.

6.3.3.3 Drivers

When questioning the stakeholders about technological and managerial advances, the conversation
often developed into a discussion of policy drivers. An airport operator interviewee felt that
although there would be impressive improvements in terms of fuel efficiency, they would not be
enough to deal with the climate change issue, hence the importance of emissions trading. They felt
that there was a need to debate emissions trading, since a market mechanism to internalise the costs,
and influence the aviation industry’s impact on climate change, was desirable. They said, “Given
society’s growing demand for air transport, and given the absence of short-term technological
solutions which will allow a breakthrough in reducing carbon dioxide emissions, participation in an
emission trading scheme would allow aviation to purchase the necessary additional allowances from
other sectors to enable the industry to continue to grow and to meet its emissions obligations. If the
price of carbon rises in the future, then this would impose an additional operating cost which would
work its way through to air fares and affect demand. Or alternatively, it would incentivise airlines to
make technological and operational changes. The challenge would then be to find those
technological or operational changes which allow airlines to grow their businesses without growing
their costs”. The operator also recognised that it was unlikely that there would be any technological
breakthroughs within the next 20 years.
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An NGO stakeholder on the other hand felt that emissions trading would be inadequate as
discussions over trading are only ever about regional or partial industry coverage. They felt rather
that any radical technology change is more likely to be driven by a huge rise in the price of fuel, or
by energy security issues.

One of the aircraft manufacturers went on to discuss the issue of having a public license to operate.
They felt that if the aviation industry wasn’t being seen to be acting responsibly to help avoid
climate change, as other industries are likely to be seen to be doing, then the public would turn
against the industry. They felt that those airlines and manufacturers demonstrating a climate
conscience would gain a larger portion of the market from those seen to be acting irresponsibly.
This particular stakeholder also felt that the manufacturing industry was unclear as to where to
focus its efforts in terms of research and technology development, and would therefore like to see
some guidance from governments.

One final and interesting point raised in terms of drivers towards action to improve fuel efficiency,
was the likelihood of low-cost airlines operating on the long-haul market. One of the government
interviewees said that they didn’t see why this shouldn’t happen, and if it did, that this would be
another reason to revisit the existing forecasts for traffic demand.

6.3.4 Awareness of climate targets

There was a general awareness amongst the stakeholders of the UK Government’s 60% carbon
reduction target, and that it excluded international aviation and shipping emissions. However, one
aircraft manufacturer did refer to the target as one that seemed to have been plucked from the air.
They also stressed that the aviation industry currently accounts for just 2% of world emissions, and
the issue should not be blown out of proportion. When asked about the possible exclusion of these
international emissions from the UK’s 60% target, one interviewee from government said that it
could be argued as regrettable that emissions from international aviation were not currently part of
existing control measures — not least because such inequity offers confusing signals to the industry.
However, this situation might be inevitable given the complexities in gaining international
consensus on the means to control greenhouse gas emissions from aviation beyond national borders
and the constraints of binding bilateral agreements that exist to facilitate air travel between
consenting states. The general consensus view amongst the industry stakeholders on the issue was
that as international aviation was not covered under the 60% target at present, the ACARE targets
were those to be aimed for and concentrated on instead. Having a focus on the ACARE targets does
appear logical in the absence of any governmental pressure to do otherwise.

6.3.4.1 Reaching the UK’s target

Discussion as to how the UK can meet its 60% target, post-Kyoto regimes and how the aviation
industry might do its part towards mitigating climate change tended to focus on the EU emissions
trading scheme. Those who broadly supported the scheme included an airline, airport operators and
aircraft manufacturing interviewees. When asked when aviation could be included in any emissions
trading scheme and under what terms, a variety of answers were given. An airline stakeholder said
that aviation could be included as soon as 2008 in terms of intra-EU flights as a first step, although
ultimately a global solution guided by the International Civil Aviation Organisation (ICAO) is
necessary if all international flights are to join emissions trading. The choice of limiting it to intra-
EU flights was based on having something “workable and politically deliverable within a
reasonable timescale, that isn’t going to cause international disputes or distortion”. Problems
envisaged by one airline in terms of including all international emissions are centred around
allocation problems, non-industrialised nations’ own climate targets and an absence of a framework
to address these international emissions through ICAO. An airline stakeholder also felt that if the
emissions trading framework was done properly, it would be an important instrument in accounting
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for the external costs, and growth would in turn be moderated to some extent. Furthermore, they
added that incorporating aviation into a comprehensive global framework to address climate change
is an important goal in ensuring aviation plays its part in managing future emissions growth.

One of the aircraft manufacturers, despite being a supporter of bringing international aviation
emission into the EU’s emissions trading scheme, considered the starting date of 2008 was
premature and more likely to be 2010 for the intra-EU bubble. They said that this would then cover
15% of all global flights, which is not a large enough proportion to drive innovation within the
industry. The EU are, however, apparently discussing including all aircraft departing from EU
airports, which would account for 40%. However, according to this stakeholder, expanding the
remit in this way is likely to cause many more problems in terms of implementation. If, as expected,
only intra-EU flights are incorporated, they suggested that this would have an insignificant effect in
terms of emissions reduction, but a large symbolic impact.

An airport operator interviewee was also supportive of the EU emissions trading scheme and
expected it to be successful as long as a suitable cap is chosen. They added, “The aviation industry
should be mainstreamed as part of the global policy process to achieve the reductions necessary to
avoid dangerous climate change through an international emissions trading scheme”. The operator
also noted that the EU is talking about a 70% reduction in emissions by 2050 which they felt should
include international aviation. This target would then be used to set a reducing cap, which is likely
to increase the price of flights and in turn translate into incentivising supply-side effects within the
industry. They felt that the challenge for the industry was to look at the long-term trajectory and to
do what it can to find supply solutions and bring them on track as quickly as possible. This
stakeholder was also keen to stress that the ultimate goal is an international emissions trading
scheme that includes all flights. However, they also felt that the best starting point would be to use
intra-EU flights in the first instance, with a risk in delaying starting any scheme if the plan is more
ambitious. They expected the start date to be 2008 or soon thereafter, and suggested that discussions
should then focus on allocating international aviation emissions to work towards a global solution
from 2013.

A much more cynical point of view was expressed by an NGO interviewee who claimed that the
aviation industry was keen to engage on the issue of emissions trading because they are aware that
it will not drive passenger numbers down. In their opinion, the aviation industry clearly sees
themselves as different from all the other sectors of the economy. Although their sustainable
aviation strategy (Aviation, 2005) commits the industry to efficiency targets, when it comes to more
overarching climate change targets, they see themselves as part of the system. They feel that the rest
of the system has a lot more opportunities to reduce their climate impact than they do. Therefore,
until there is a successor to Kyoto that includes international shipping and aviation emissions, the
aviation industry will continue to rely on other sectors and will not feel the pressure felt by other
sectors to mitigate their emissions.

6.3.5 Additional climate impacts of aviation

The final part of the stakeholder interview covered the area of the uplift factor often used to account
for the additional climate change impacts of the aviation industry as described in section 2.2. In
terms of the value of this ‘uplift factor’, all the interviewees accepted that there was considerable
uncertainty over the figure itself, will values ranging from just under 2 to 4.

In terms of the existence of an uplift factor, there was a general consensus that although it is crucial
that the additional impacts of aviation are accounted for, simply ‘uplifting’ the carbon dioxide

60



emissions by a radiative forcing factor can be misleading and inadequate. On the other hand, there
was some feeling that the use of this ‘uplift factor’ has helped to raise awareness of the additional
climate change impacts, and is helping the industry to focus new research in these areas. However,
one aircraft manufacturer felt that it is not a good guide to policy measures as it is a “backwards
looking metric” and another two stakeholders expressed concern that the metric risks misleading the
policy focus. The manufacturers, airline and government stakeholders were in agreement that
simply ‘uplifting’ emissions to try and account for additional climate change impacts within an
emissions trading scheme is inappropriate. However, all also agree that these other impacts must be
addressed, but probably by using separate measures, and certainly require further research. An
airport operator interviewee suggested that there could even be air traffic management solutions to
avoid the formation of contrails and cirrus clouds, but that the science would have to be more
certain before aircraft are re-routed.
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7. Discussion and conclusions

The final section of this report discusses the key results and draws together conclusions relating to
the CCOptions model, the UK Government’s aviation forecasts, implications of high aviation
growth for other sectors of the economy and finally some recommendations of practical measures to
reduce the climate impact of the aviation industry.

7.1 CCOptions model —a simple and useful tool for policymakers

The CCOptions model is a simple and useful tool for policymakers. Not only is it written for a
familiar software package, Excel, its results are plainly presented allowing the user to make a quick
evaluation of their experiment without involved data manipulation. Experiments are also very easy
to set up and modify, and a variety of carbon profiles can be produced for the same stabilisation
level to meet a particular nation’s requirements regarding the speed of convergence.

CCOptions adequately reproduces widely accepted Hadley Centre model relationships between
carbon dioxide concentrations and cumulative carbon values for all nations between today and
2200. However, releasing the latest version of CCOptions is arguably premature as it attempts to
reproduce Hadley Centre results that incorporate biogeochemical feedbacks from the carbon-cycle
whilst the magnitude of such feedbacks remains uncertain. This drawback is exacerbated by the
‘with biogeochemical feedback’ regression equation being, relative to the ‘without feedbacks’
equation, both complex and less successful in reproducing the Hadley centre relationship. Arguably,
the latest CCOptions model, in attempting to capture elements of the climate change science still
characterised by considerable uncertainty, jeopardises its credibility as a relatively objective policy
tool. On the other hand, the inclusion of biogeochemical feedbacks could be said to provide a more
realistic carbon-reduction target for given carbon dioxide stabilisation levels, and consequently may
lead to more appropriate mitigation polices. (Hadley, 2002; Cramer et al., 2001).

To conclude, the CCOptions model is a useful policy tool, in which complicated assumptions about
population trends, paths towards convergence and the historical positions of particular nations are
foregone in favour of transparent and inclusive analysis. However, if CCOptions is to remain
relevant to the dynamic climate change debate, it is important it continually updates its underlying
data sets and include all carbon emission sources, particularly international aviation and bunker
fuels. Moreover, in developing CCOptions, the GCI must guard against too rapid inclusion of
scientific advances that have not undergone substantial peer review. Finally, if CCOptions is to
more fully correlate emissions with temperature, the GCI must consider the inclusion of other non-
carbon greenhouse gases.

On balance, permitting analysis of the relationship between stabilisation levels and reduction
targets, with and without biogeochemical feedbacks, is a good compromise, offering both simplicity
and more informed policy involvement. However, for the purposes of this project, it was felt better
to make use of the version of CCOptions that had been used by others and that was in line with the
UK Government’s 60% target.

7.2 Government forecasts require updating as a matter of urgency

Aviation emissions forecasts produced by the UK Government and Tyndall aviation scenarios were
compared with contraction and convergence profiles for 450ppmv and 550ppmv in section 6.
Although the Tyndall aviation scenarios were produced prior to the stakeholder engagement
conducted, subsequent input from the stakeholders supported the idea that the industry within the
UK and Europe is currently growing at very high rates and that despite concerted efforts to improve
fuel efficiency, any relative reduction in emissions will be hidden by a continuation of this high
growth.
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Given that knowledge of current and near-future aviation growth rates is essential to assess the
climate impact of the aviation industry, one of the key concerns with the UK Government forecasts
highlighted within this work is their continued use of the relatively low growth forecasts laid out in
‘Aviation and Global Warming’ (DfT, 2004 and figure 5) and used in the Aviation White Paper
(DfT, 2003b). According to information provided about the Government’s Aviation White Paper®,
these forecasts were generated prior to the events of September 11", which could not have been
envisaged. However, traffic to date has actually been broadly in line with those forecast figures
despite the unusual events that significantly affected the industry. The forecasts are therefore
considered to be close to the mark. If the logic of this argument is followed through however,
without the events of September 11", their forecasts would have fallen well short of their
predictions in terms of passenger numbers and the consequent emissions generated by the aviation
industry. This is illustrated in figure 11; actual carbon emissions values from the UK’s aviation
industry taken from the National Emissions Inventory are plotted for the period from 1993 to 2004%°
(shown in the grey box). It can be seen in the figure that until the unusual events of 2001, emissions
from the aviation industry were increasing rapidly, on average at 7% per year between 1993 and
2000. Whereas, even the ‘worst’ of the UK Government’s aviation forecasts suggests an annual
average increase in emissions from the industry of just 3% per year between 2004 and 2010, despite
there being a 10% increase between 2003 and 2004.

Historical aviation emission plus forecasts and scenarios
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Figure 11: Historical emissions from the aviation industry in the UK compared with UK Government
forecasts and the Tyndall aviation scenario number 3.

24 Private communication

%5 Values from the National Emissions Inventory (NEI) currently exist up to 2003, but are directly related to the energy
consumption figures produced in the Digest of UK Energy Statistics (DUKES, 2005) via the kerosene emission factor.
The latest version of DUKES shows a 10% rise in the kerosene consumed by UK aviation. When the kerosene emission
factor is applied to this value, the 2004 aviation carbon emission value is calculated to be 9.5MtC for 2004.
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Meeting the Government’s ‘worst’ case forecast for emissions would therefore require a decrease in
annual compound emissions growth of 7% between 2004 and 2005. It is difficult to imagine how
this could possibly occur. Such would require a reduction of growth within the industry of 6% in
one year — down to a figure below the annual increase in the UK’s GDP, plus fuel efficiency
improvements of at least 1%.

This project therefore recommends that the UK Government forecasts must be updated as a matter
of urgency.

7.3 C&C vs forecasts and scenarios — stark implications for other sectors

By comparing aviation emission scenarios with contraction and convergence profiles for 450ppmv
and 550ppmv, this project concludes that without measures to curtail growth within the aviation
industry, its carbon emissions alone will be contributing to an ever increasing proportion of the
UK’s carbon budget. Moreover, even if the industry were allowed to continue to grow at half of its
current rate of growth, and without any radical step-change in technology, the resulting emissions
will take up more than the UK’s total carbon budget under a 450ppmv regime. As such, the current
state of the aviation industry, with its dependence on kerosene, long-term lock-in to conventional
airframe designs and higher rates of growth than any other sector, has huge implications for all of
the other sectors of the economy.

Bringing these results to the attention of policy and decision makers is of tremendous importance
whilst solutions to addressing the growing climate problem are still being debated. Furthermore, the
UK Government is currently in the driving seat, (or should that be cockpit?), by holding the
presidencies of both the G8 and the EU. However, whether or not these results can lead to any
modification to the development of the UK’s aviation industry is heavily reliant on the following
key policy issues:

® The choice by the UK Government to include international emission within its carbon
reduction target.

® The choice by the UK Government to maintain, reduce or strengthen its 60% target for 2050
carbon dioxide emissions.

® The level of constraints: economic (national, regional and international), fiscal policy (taxes,
charges) and airport infrastructure supply.

® The effect of strong carbon reduction targets on the development of other sectors both in the
UK and the wider EU.

The choice by the EU of its carbon reduction target.
The state of involving the aviation industry within the EU’s emissions trading scheme.
Whether or not international emissions are allocated to nations in a post-Kyoto regime.

The possibility of trading international aviation emissions within a global emissions trading
scheme.

Many industry stakeholders, as highlighted in section 6.3, believe that incorporating aviation within
the EU’s emissions trading scheme could be the silver bullet for aviation and climate change.
However, given that the most likely option for including such emissions will be an incorporation of
only intra-EU emissions by, at the earliest, 2008 this option will still omit 70% of the emissions
from the EU’s aviation industry. In other words, adding aviation into the EU’s emissions trading
scheme will do little to solve the problem.
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The manufacturing, airline and airport operator interviewees were convinced that with all of the
other economic sectors having much more room to manoeuvre in terms of energy efficiency and
low-carbon supply, the aviation industry could continue with current practice by buying carbon
permits from these sectors within such an EU trading scheme. This view ignores the fact that the
aviation industry is also expanding rapidly throughout Europe, in some countries at much higher
rates than the UK (Bows et al., 2005; ATAG, 2000). Combining this with a contraction limit on the
emissions space available for all the sectors of the economy will result in a requirement for
substantial trade-offs with other sectors within Europe. Furthermore, if the carbon reduction target
for Europe was based on the latest science available, and hence aimed to stabilise carbon dioxide
concentrations at 450ppmv, all of the other sectors of the economy would have to virtually
completely decarbonise by 2050 to allow the aviation industry to grow (Bows et al., 2005).

Using the UK as a closed example®, under the 450ppmv profile, there will be approximately
32MtC left for the whole economy by 2050. If the aviation industry is emitting 32MtC, as it does in
the Tyndall aviation scenarios 1 and 3, and the UK Government’s ‘worst’ case scenario, then this
leaves OMtC for all of the other sectors. This would mean that the household sector for example,
would need to reduce emissions from 40MtC today, to zero, and road transport from 32MtC today,
to zero. Furthermore, household energy consumption is currently growing at just under 1% per year,
similarly energy consumption in private road transport is growing at 2% per year (DUKES, 2005).
Given the Tyndall Centre’s 40% house project views reducing emissions from the household sector
by just 60% by 2050, a “considerable challenge” (Boardman et al., 2005), slashing carbon
emissions to zero appears to be far too great a challenge to overcome. Consequently, the aviation
industry must urgently accept that it can not rely on the other sectors of the economy for it to
continue to grow. Only with the swift implementation of a global emissions trading scheme with an
appropriately contracting cap, could aviation growth be accommodated within a world attempting to
avoid dangerous climate change. However, whilst such analysis is beyond the scope of this study,
the potential for reconciling the predicted 5% per year growth in the aviation industry until 2020
(section 2.2), a global economic growth of over 4% per year and climate change targets at 550ppmv
or below, must be in doubt. Clearly this is a matter that even within a global emissions trading
system would require urgent investigation.

To further compound the problem, the results presented within this project report do not attempt to
include the additional impacts of aviation on the climate in the form of warming caused by
contrails, cirrus clouds and other greenhouse gas emissions. These additional effects are thought to
increase the impact of aviation on the climate by between 2 and 4 times. It can easily be concluded
therefore that growth within the aviation industry needs to be curbed as a matter of urgency to
ensure fuel efficiency gains do not outstrip growth, and to allow the UK Government’s targets to be
reached, and more importantly, to have the desired effect.

7.4 What can be done to reduce emissions?

The discussion above leads to the conclusion that aviation growth must be curbed if no step-change
in technology is to affect the aviation industry in the short to medium term. Although emissions
trading is thought by industry stakeholders to be one way of increasing ticket prices, and hence
reducing the level of growth (section 6.3.3), they also accept that it is unlikely that aviation will be
incorporated into the scheme before 2010, and even then, as discussed, the scheme is unlikely to
include all international flights to and from the EU. In the meantime, governments across Europe
will be looking to increase airport capacity in the same way as the UK Government plans to do

28 Emissions per capita in the UK are in the top 8 of the EU25 according to data taken from the CCOptions model (GCI,
2004), therefore the UK will need to make substantial cuts to its carbon emissions under a comprehensive emissions
trading scheme.
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(DfT, 2003b). Therefore, one way to curb growth in the interim, and avoid an irresolvable situation
in the future, would be to put a freeze on the expansion and construction of new airports and
runways. It is difficult to see how, once a new airport is built, it will be in the government’s or
private developer’s best interests to leave the airport dormant — a foreseeable problem in light of the
urgency to address the climate issue.

An alternative way of preventing the construction of new airport infrastructure and capacity, is to
pay significant attention to increasing load factors on planes. The current average load factor in
Europe is 60%, but it could possibly be pushed closer to 90% by investing in more sophisticated
and integrated ticketing arrangements, encouraging greater flexibility on the side of the passenger
and facilitating a radical shift in the relationships between the companies who bring about these
changes.

The consideration of a slower form of flight offers large fuel efficiency gains due to the relationship
between drag and speed, and could therefore be employed to reduce emissions per passenger. This
is also something that could be implemented without any change to the aircraft’s airframe or
technology. Airships may also offer low-carbon forms of flight, but a great deal of research and
funding will be required to boost the industry enough to encourage the new infrastructure it would
require, and also possibly engender cultural change.

The one fuel that offers a low-carbon alternative future to the aviation industry is Fischer-Tropsch
kerosene produced from biomass or synfuel from coal. However, industry stakeholders generally
rejected its use within the industry as it is assumed that it will be used primarily in road transport.
However, it should be borne in mind that road transport also has the option of using electrically-
powered or hydrogen powered vehicles. One could ask therefore, if such kerosene proved viable for
aviation, would it not be better to use this alternative fuel in the one industry that has no other
alternative low-carbon supply, so that, along with all of the other industries, the aviation industry
begins to play its, arguably obligatory, role towards alleviating climate change?

7.5 Final conclusion

The aviation industry is a successful, well-established and technically-mature sector, contributing
significantly to both the development and culture of the UK specifically and the EU more generally.
However, whilst this relatively competitive industry continually pursues technical and operational
improvements, there is little evidence to suggest that such improvements will offer more than
relatively small incremental reductions in fuel burn. Hydrogen is often mooted as an alterative to
kerosene, but foreseeable problems include enhanced water vapour emissions and the practicalities
of both low-carbon production and storage. Biofuel and biofuel-kerosene blends are possibly more
plausible in the medium term; however the land-take implications, though still characterised by
uncertainty, are likely to be very substantial. Consequently, the aviation industry is in the
unenviable position of seeing the demand for its services grow at unprecedented rates, whilst at the
same time being unable to achieve substantial levels of decarbonisation in the short to medium
term. Indeed the new airbus A-380 continues to use high-pressure, high-bypass jet turbine engines
that contain only incremental improvements over their predecessors." Moreover, a combination of
both long design runs (already 35 years for the Boeing 747) and design lives (typically 30 years),
locks the industry into a kerosene-fuelled future. If the A380 were to follow a similar path to the
747 it will, in gradually modified form, be gracing our skies in 2070. Consequently, decisions we
make now in relation to purchasing new aircraft and providing the infrastructure to facilitate their
operation have highly significant implications for the UK’s and EU’s carbon emissions profile from
now through until 2070.

The Tyndall analysis reveals the enormous disparity between the UK’s position on carbon reduction
and the UK Government’s singular inability to seriously recognise and adequately respond to the
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rapidly escalating emissions from aviation. Indeed, the UK typifies the EU in actively planning and
thereby encouraging continued high levels of growth in aviation, whilst simultaneously asserting
that they are committed to a policy of substantially reducing carbon emissions. The research
conducted within this project not only quantifies the contradictory nature of these twin goals, but
also illustrates how constrained are the responses. Ultimately, the UK and the EU face a stark
choice: to permit high levels of aviation growth whilst continuing with their climate change
rhetoric; or to convert the rhetoric into reality and substantially curtail aviation growth.
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