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The purpose of this working paper is to evaluate possible strategies for airlines 
on aircraft emissions and climate change, including emissions trading. We set 
out in detail the nature of the problem airlines face in this regard, and conclude 
that airlines should seriously consider supporting mandatory participation in an 
emissions offset market as part of a long-term strategy package (including 
technological, operational and management elements) and as a sustainable 
solution to deal with the climate impacts of aviation. This solution does not 
preclude other, complementary measures and has a number of advantages such 
as flexibility. 

We also suggest that, as a step prior to mandatory emissions offsets, airlines 
should introduce offsetting as an airline default – or opt-out – passenger 
emissions offset scheme. This would have the advantage of allowing airlines to 
take action in the immediate future which begins to fairly seamlessly absorb 
demands that they address the climate costs of aviation, and at little cost.  

In our view the airline industry should be moving ahead of governments, and 
should steer the process of change to build a cleaner sky. The strategy package 
proposed here affords airlines an opportunity to get out ahead of governments 
and public opinion, and to adopt a proactive stance towards the risks and 
uncertainties presented by climate change. It also makes economic sense. 

_________________________ 

An executive summary of this paper is provided at pages 4 to 7. 

30 pages of footnotes to this paper begin at page 57. 

An expanded executive summary, together with other supporting material, is 
available from The Hodgkinson Group. Contact details, and information about 
The Hodgkinson Group and the paper’s authors, appear at the end of the paper.  

This paper is part of an ongoing project which examines airline strategies on 
aircraft emissions and climate change in greater detail. The results of that project 
will be published in a subsequent paper.



 2

CONTENTS  
page

Executive Summary                  4 

1. Introduction                 8

2. Climate change, aviation and greenhouse gas emissions          8 

2.1 Climate change                8 

2.2 Aviation and climate change                         12 

 (a) Growth in aviation markets, numbers of passengers and    
numbers of aircraft 

 (b) Climate impacts of aviation 

 (c)  Aviation growth trends and greenhouse gas emissions   
  reductions: “Making room for the aviation industry” 

3. “Difficult challenges:” Possible airline strategies for dealing            27 
with the greenhouse gas emissions problem

4. Assessment and evaluation of possible airline strategies        29 

4.1 Continue with business as normal            29 

4.2 Improve air transport technology and develop alternative jet fuels       33 

 (a) Aircraft technological developments 

 (b) Alternative jet fuels 

 (c) An industry-wide solution? 

4.3 Develop more efficient operational practices and call for more        38
 efficient  air traffic management systems and processes 

4.4 Support an emissions trading scheme or schemes         40 

(a) Emissions trading schemes generally: “The core of any future  
 international agreement to combat climate change”? 

(b) Aviation emissions trading schemes 

 (c) Strategies: Support a cap-and-trade ETS 



3 

 (d) Strategies: Support a cap-and-trade ETS with closed purchase  
  of emissions allowance 

 (e) Strategies: Support a cap-and-trade ETS with open purchase  
  of an industry allowance 

4.5 Support mandatory emissions offsets: The emissions offset market       48 

4.6 As a preliminary step, introduce an airline default – or opt-out –        53 
 passenger emissions offset scheme 

4.7 Introduce taxes and charges            56 

5. Summary: Sustainable, long-term solutions for airlines        57 

Notes and references              57 

Contact details               89 



4 

EXECUTIVE SUMMARY 

1. Climate change  (pages 8 to 12)

Climate change poses an urgent and significant problem for the world. Scientific 
evidence now overwhelmingly shows that carbon dioxide and other greenhouse 
gases from human activities are changing the climate, and that this poses 
serious long term economic and political risks.  

2. Aviation and climate change – aviation growth trends and GHG 
emissions reductions  (pages 12 to 26)

Aviation is one of the fastest-growing sectors of the world economy. Over the 
next 20 years more than 27,000 new aircraft will be delivered; the number of air 
travelers will double to 9 billion over the same period. Against this background of 
significant growth in air travel, and as a result of increasing awareness on the 
part of governments and the public with regard to climate change and its possible 
consequences, pressure is being placed on the aviation industry - and airlines in 
particular - to address the climate impacts of aviation.  

A number of organisations such as the Intergovernmental Panel on Climate 
Change (IPCC), Oxford University, the Massachusetts Institute of Technology 
(MIT) and the Tyndall Centre, for example, have studied the impacts of aviation 
on the global atmosphere. These studies, together with reports from Royal 
Commissions and other inquiries, make the following points clear: 

the climate change impacts of aviation are significantly worse than those 
of its carbon dioxide emissions alone. Further, reference to aviation being 
responsible for 2% of global carbon dioxide emissions is misleading as the 
figure (a) is based on total anthropogenic carbon dioxide emissions in 
1992 (as determined by the IPCC), not 2007; (b) does not take into 
account aviation’s non-CO2 greenhouse gas (GHG) emissions which 
significantly contribute to the climate change impacts of aviation; and (c) 
ignores growth in air travel; 

air travel demand is growing at unprecedented rates, yet substantial 
reductions of aviation GHG emissions are not possible in the short to 
medium term; 

not only are emissions from air travel increasing significantly in absolute 
terms but, against a background of emissions reductions from many other 
sources, their relative rate of increase is even greater. Put another way, “if 
the [recommended] reductions in carbon dioxide emissions from ground-
level activities … are achieved, and the growth in air transport projected 
by the IPCC materialises, then air travel will become one of the major 
sources of anthropogenic climate change by 2050;” 
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development of alternative jet fuels and aircraft technological 
developments, together with the development of more efficient operational 
practices and more efficient air traffic management systems and 
processes, will only partially offset the growth in aviation emissions; 

there is presently no systematic or compulsory incentive to reduce 
international aviation emissions; 

without government action to significantly reduce aviation growth within 
the UK, for example, aviation emissions may be greater than those 
forecast for all other sectors of the economy. As a result, aviation may 
exceed the carbon target for all sectors by 2050; 

as another example, “[i]f the aviation industry is allowed to grow at rates 
even lower than those being experienced today, the EU could see aviation 
accounting for between 39% and 79% of its total carbon budget by 2050, 
depending on the stabilisation level chosen. For the UK, the respective 
figures are between 50% and 100%;”  

the level of any carbon price faced by aviation should reflect the full 
contribution of emissions from aviation to climate change; and 

all other sectors of the economy would have to significantly decarbonise to 
allow the aviation industry to grow and to continue to use kerosene. 

This last point is of particular concern as it raises the very real possibility of 
economic – and, thus, political – conflict between the airline industry and other 
sectors. This has the potential for unpredictable and destabilising outcomes. 

3. Airline responses to the climate change problem so far (pages 25 to 
26 and page 32)

The response of the airline industry to the climate change problem has to some 
extent been anomalous - that is, less proactive and more subdued - compared to 
that of other corporate and industry sector responses (although this is perhaps 
more true for North American airlines than for their European counterparts). The 
most common airline responses have been, broadly, as follows:  

continue - more or less - with business as normal;  

argue that the problem can – to a greater or lesser extent - be dealt with 
by improving air transport technology and infrastructure, by developing 
more efficient operational practices, and by calling for more efficient air 
traffic management systems and processes; and/or  

argue that a global solution should be developed, working through ICAO. 
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4. Possible airline action and adaptation strategies on aircraft 
emissions and climate change  (pages 27 to 28)

Possible airline strategies for dealing with the greenhouse gas emissions 
problem include the following: 

continue with business as normal;  

improve air transport technology and develop alternative jet fuels; 

develop more efficient operational practices and call for more efficient air 
transport management systems and processes; 

support a cap-and-trade emissions trading scheme (ETS); 

support a cap-and-trade ETS with closed purchase of allowances; 

support a cap-and-trade ETS with open purchase of an industry 
allowance; 

support mandatory emissions offsets (support mandatory participation in 
an emissions offset market); 

as a preliminary step to support of mandatory emissions offsets, introduce 
an airline default – or opt-out - passenger emissions offset scheme; and/or 

introduce taxes and charges. 

5. Assessment of possible airline strategies on aircraft emissions and 
climate change  (pages 29 to 56)

A sustainable solution to the aviation GHG emissions problem must involve 
airline action and adaptation. After evaluating possible airline strategies, and 
analysis of the problems associated with inclusion of aviation in cap-and-trade 
emissions trading schemes, we conclude that airlines should seriously consider 
supporting mandatory emissions offsets as part of a forward-looking, long-term 
strategy package and a sustainable solution to deal with the climate impacts of 
aviation. Such action does not preclude other, complementary measures relating 
to technological, operational and management elements, which we suggest 
should also form part of a long-term strategy package. It does not preclude 
participation in an emissions trading scheme. 

Carbon offsets “will only represent a sustainable solution if joined by 
improvements in technology and significant, international political action.” 

We note that this strategy has not, as yet, been considered by airlines.  
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The inclusion of mandatory offsetting for some specified proportion of emissions 
has a number of benefits:  

purchase of offsets provides scope for new airline entrants and creates a 
stable market with comparatively greater long term predictability than 
under an aviation emissions trading scheme;  

such market provides more room for orderly airline expansion compared 
to expansion under an aviation ETS; and 

mandatory airline participation in an emissions offset market(s) is likely to 
promote innovation and technological solutions to the aviation climate 
change problem. As the price of offsets increases with demand, it is 
reasonable to anticipate the development of more sophisticated and 
diverse projects flowing from funds invested as a result of offsets 
purchased. Carbon offsets “do have their place in spurring innovation,” 
and offset firms “have prospered because they are able to produce 
emissions reductions more cheaply, and often more imaginatively, than 
those that are bound up in the red tape of the Kyoto process.” 

Airline participation in an emissions offset market would encourage investment in 
and the development of new technology and new solutions as one part of a 
comprehensive climate strategy. Moreover, the nature of such mandatory 
participation, and the global industry involved, would give additional impetus to 
developments presently underway with regard to technologies which avoid, 
reduce or absorb GHG emissions - all matters of vital importance to the airline 
industry.

In our view the airline industry should (for a range of reasons) be moving ahead 
of – rather than waiting for – governments to take regulatory action, and should 
work on its own strategy package to present to governments. The aviation 
industry, not governments, should steer the process of change to build a cleaner 
sky.

We also suggest that, as a step prior to mandatory emissions offsets, airlines 
should introduce offsetting as an airline default – or opt-out – passenger 
emissions offset scheme. Such actions allows airlines to take action in the 
immediate future, thus absorbing demands that they address the climate costs of 
aviation in a least cost manner. It would also provide airlines with much-needed 
information as to public/ passenger sensibilities concerning the climate impacts 
of aviation and environmental charges (broadly defined) ahead of mandatory 
emissions offsets. 
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1. Introduction 

 Air transportation plays a substantial role in world economic activity, and 
society relies heavily on the benefits associated with aviation … Its 
customers represent every sector of the world’s economy and every 
segment of the world’s population ... [A]viation affects the lives of citizens 
in every country in the world, regardless of whether they fly … 

Human-generated emissions at the Earth’s surface can be carried aloft 
and affect the global atmosphere. The unique property of aircraft is that 
they fly several kilometers above the Earth’s surface. The effects of most 
aircraft emissions depend strongly on the flight altitude and whether 
aircraft fly in the troposphere or stratosphere. The effects on the 
atmosphere can be markedly different from the effects of the same 
emissions at ground level …The rate of growth in aviation CO2 emission is 
faster than the underlying global rate of economic growth, so aviation’s 
contribution … to total emissions resulting from human activities is likely to 
grow in coming years.

- Intergovernmental Panel on Climate Change (IPCC), 
      Aviation and the Global Atmosphere2

Against a background of significant growth in air travel and aviation markets, and 
as a result of government and public focus on climate change and its 
consequences, pressure is being placed on airlines to reduce their greenhouse 
gas emissions. After examining the risks posed by climate change, this paper 
outlines the climate impacts of aviation and the difficult and unique challenges 
faced by airlines in dealing with their greenhouse gas emissions problem. 
Possible airline strategies for dealing with this problem are then assessed, and 
sustainable, long-term solutions for airlines identified. 

2. Climate change, aviation and greenhouse gas emissions 

2.1 Climate change 

Scientific evidence now overwhelmingly shows that carbon dioxide and other 
greenhouse gases from human activities are changing the climate, and that this 
poses serious long term economic and political risks.3 Climate change poses an 
urgent and significant problem for the world.4 Put another way, climate change “is 
one of the greatest challenges of modern times.”5

The Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change (IPCC), “Climate Change 2007: The Physical  Science Basis,” (Working 
Group I) concludes that  

[g]lobal atmospheric concentrations of carbon dioxide, methane and nitrous oxide 
have increased markedly as a result of human activities since 1750 and now far 
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exceed pre-industrial values … The global increases in carbon dioxide 
concentration are due primarily to fossil fuel use and land use change ….6

The IPCC has a “very high confidence”7 that the globally averaged net effect of 
human activities since 1750 has been one of warming.8

Further,  

 [w]arming of the climate system is unequivocal, as is now evident from 
observations of increases in global average air and ocean temperatures, 
widespread melting of snow and ice, and rising global average sea level … At 
continental, regional and ocean basin scales, numerous long-term changes in 
climate have been observed. These include changes in Arctic temperatures and 
ice, widespread changes in precipitation amounts, ocean salinity, wind patterns 
and aspects of extreme weather including droughts, heavy precipitation, heat 
waves and the intensity of tropical cyclones.9

The IPCC finds that “[m]ost of the observed increase in globally averaged 
temperatures since the mid-20th century is very likely10due to the observed 
increase in anthropogenic greenhouse gas concentrations … Discernible human 
influences now extend to other aspects of climate, including ocean warming, 
continental-average temperatures, temperature extremes and wind patterns.”11

Following its summary of the physical science basis of climate change, the IPCC 
in April, 2007 released its assessment “of current scientific understanding of 
impacts of climate change on natural, managed and human systems, the 
capacity of these systems to adapt and their vulnerability:”12  The IPCC 
concluded that “[s]ome large-scale climate events have the potential to cause 
very large impacts”13 and that 

[o]bservational evidence from all continents and most oceans shows that many 
natural systems are being affected by regional climate change, particularly 
temperature increases … Much more evidence has accumulated over the past 
five years to indicate that changes in many physical and biological systems are 
linked to anthropogenic [man-made] warming …14    

The extent of future vulnerability to climate change depends on “development 
pathways” taken.15  More extensive adaptation than is presently taking place is 
needed in order to reduce vulnerability to, and the projected impacts of, future 
climate change. Sustainable development “can reduce vulnerability to climate 
change by enhancing adaptive capacity and increasing resilience.” Over the long 
term, climate change effects will likely exceed the capacity of natural, managed 
and human systems to adapt which 

suggests the value of a portfolio or mix of strategies that includes mitigation,
adaptation, technological development … and research. Such portfolios could 
combine policies with incentive-based approaches, and actions at all levels from 
the individual citizen through to national governments and international 
organizations.16
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The May, 2007 IPCC Working Group III report, “Climate Change 2007: Mitigation 
of Climate Change,”17 finds that global greenhouse gas (GHG) emissions 
increased 70% between 1970 and 200418 and that, with “current climate change 
mitigation policies and related sustainable development practices, global GHG 
emissions will continue to grow over the next few decades.”19 With regard to 
mitigation in the short and medium term,20 the report found “much evidence” from 
both bottom-up and top-down studies that “there is substantial economic 
potential for the mitigation of global GHG emissions over the coming decades, 
that could offset the projected growth of global emissions or reduce emissions 
below current levels.”21

IPCC Working Group III considers key mitigation technologies and practices that 
are (a) currently commercially available; and (b) projected to be commercialised 
before 2030. In the transport sector there are multiple mitigation options, but the 
effect of those options “may be counteracted by growth in the sector.” Such 
mitigation options “are faced with many barriers, such as consumer preferences 
and lack of policy frameworks.”22  In terms of the aviation sector, 

[m]edium term mitigation potential for CO2 emissions … can come from improved 
fuel efficiency, which can be achieved through a variety of means, including 
technology, operations and air traffic management. However, such improvements 
are expected to only partially offset the growth of aviation emissions. Total 
mitigation potential in the sector would also need to account for non-CO2 climate
impacts of aviation emissions.23

For aviation, in terms of key mitigation technologies and practices either currently 
available or projected, the report only refers to projected higher efficiency 
aircraft.24 Further, when the report considers “selected sectoral policies, 
measures and instruments that have shown to be environmentally effective in the 
respective sector in at least a number of national cases,” no aviation examples 
are available or provided.25

With regard to policies, measures and instruments to mitigate climate change, “a 
wide variety of national policies and instruments are available to governments to 
create the incentives for mitigation action” and there are advantages and 
disadvantages for any given instrument. For example, taxes and charges can set 
a price for carbon but cannot guarantee any particular emissions level. Similarly, 
emissions permits establish a carbon price through market mechanisms. 
However, “[t]he volume of allowed emissions determines their environmental 
effectiveness, while the allocation of permits has distributional consequences. 
Fluctuation in the price of carbon makes it difficult to estimate the total cost of 
complying with emission permits.”26

Finally, “policies27 that provide a real or implicit price of carbon could create 
incentives for producers and consumers to significantly invest in low-GHG 
products, technologies and processes.”28 And within each industry sector, “an 
effective carbon price signal could realize significant mitigation potential.”29

      __________________ 
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Climate change, then, “presents very serious global risks.”30 In November, 2006 
Sir Nicholas Stern’s The Economics of Climate Change (the Stern Review) 
concluded in part that “climate change is a serious global threat, and it demands 
an urgent global response.”31 It finds that 

Climate change will affect the basic elements of life for people around the world – 
access to water, food production, health, and the environment. Hundreds of 
millions of people could suffer hunger, water shortages and coastal flooding as 
the world warms … Our actions now and over the coming decades could create 
risks of major disruption to economic and social activity, on a scale similar to 
those associated with the great wars and the economic depression of the first 
half of the 20th century.32

The Stern Review concludes that three policy elements are required for an 
effective global response to global warming and the resulting climate change 
(what the Stern Review refers to as “the greatest market failure the world has 
ever seen”33):  

the pricing of carbon (implemented through tax, trading or regulation);  

policy to support innovation and deployment of low-carbon technologies; 
and

the removal of barriers to energy efficiency and to inform and educate 
individuals about responses to climate change.34

Both the Stern Review and prominent scientists refer to “dangerous” climate 
change. In the Proceedings of the National Academy of Sciences, published just 
before the release of the review, in September, 2006, scientists conclude   

data suggests that … probably the planet as a whole … is approximately as 
warm now as at the Holocene maximum and within ~1C of the maximum 
temperature of the past million years. We conclude that global warming of more 
than ~1C, relative to 2000, will constitute “dangerous” climate change as judged 
from likely effects on sea level and extermination of species ...35

The Tyndall Centre for Climate Change Research has said that avoiding 
dangerous climate change may ultimately require industrialised nations to cut 
emissions by between 80% and 95%.36 And a 2006 report which builds on the 
scientific findings presented at the International Symposium on Stabilisation of 
Greenhouse Gas Concentrations -  a conference attended by more than 200 
scientists and representatives from international organisations and national 
governments, representing some 30 countries – examines “the long-term 
implications of different levels of climate change for different sectors and for the 
world as a whole.”37 The report, Avoiding Dangerous Climate Change,38 finds 
that, since the release of the IPCC’s Third Assessment Report  in 2001, 
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[t]here is greater clarity and reduced uncertainty about the impacts of climate 
change across a wide range of systems, sectors and societies. In many cases 
the risks are more serious than previously thought … Adaptation and alternative 
development pathways need to be taken into account in developing strategies to 
avoid dangerous anthropogenic climate change.39

The IEA World Energy Outlook 2006 states that, on current energy trends, CO2

emissions will increase by 55% between 2004 and 2030.40  As the summary of 
the conference report makes clear, this “means that the world will, in the absence 
of urgent and strenuous mitigation actions in the next 20 years, almost certainly 
be committed to a temperature rise of between about 0.5 C and 2 C relative to 
today by 2050.”41

A dwindling number of governments and corporations still claim that the scientific 
debate is not over and that  action to combat climate change is not necessary, or 
that it is not necessary for the immediate future. These claims are, in mid-2007, 
no longer credible. The Royal Society, the UK’s national academy of science, 
recently accused Exxon of misleading the public into thinking that the role of 
humans in climate change was still open to doubt, and of misrepresenting 
scientific opinion, including that expressed in an IPCC report.42

2.2 Aviation and climate change 

(a) Growth in aviation markets, numbers of passengers and numbers of 
aircraft

[T]he airline industry is poised for an almost unprecedented boom, as a 
new generation of planes is combining with better business models and 
huge volume growth in new markets.43

Air transport “is one of the fastest-growing sectors of the world economy.”44 2006 
and 2007 forecasts by Airbus, Boeing and the Airports Council International (ACI) 
demonstrate that there will be almost unprecedented growth in aviation markets 
and passenger and aircraft over the next 20 years (Boeing and Airbus) and in the 
number of air travellers to 2025 (ACI).  

Boeing’s July, 2006 forecast for 2006-2025 (its most recent45) is for an 
annualised global passenger traffic growth rate of 4.9% and cargo growth rate of 
6.1% against worldwide average economic growth of 3.1%.46  Boeing forecasts 
estimate that just over 27,000 new aircraft will be delivered over the next 20 
years (more than doubling the current worldwide fleet of aircraft) for a total value 
of USD 2.6 trillion.47 Similarly, Airbus’ forecast, released at the end of 2006, 
stated that 22,700 new aircraft will be needed to meet demand through 2025.48

ACI’s 2007 forecast stated that the number of air travellers will double by 2025 to 
more than 9 billion per year; over the same period, air freight will triple.49

Passengers travelling through its airports will grow at an average annual rate of 
4%. The International Air Transport Association (IATA) forecasts international 
passenger traffic growth in the period 2006-2010 of 6.9% (Middle East), 5.7% 
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(Asia Pacific) and 5.1% (Africa). For the same period, in the same regions, 
IATA’s 2007 forecasts for international cargo growth are, respectively, 5.8%, 6% 
and 5%.50

Aviation growth will be most significant in the Asia Pacific region.51  Indeed, for 
ACI, Asian air travel will increase 9% annually.52

It should be noted that, notwithstanding forecast growth in aviation markets and 
passenger and aircraft numbers, and strong 2006 revenues, a weakening of the 
global economy could adversely affect aviation industry performance. Potential 
aircraft overcapacity – record aircraft orders – may be problematic,53 as could oil 
price rises. 

_______________________ 

This is a time, then, of significant actual and forecasted aviation growth in the 
aviation sector. Section 2.2(c) of this paper explores some of the difficulties in 
addressing the climate impacts of aviation at a time of such growth, specifically 
“how to make room for the aviation industry?” 54  In order to address this question, 
close consideration must be given to the actual climate impacts of aviation; this is 
expounded in section 2.2(b). Our analysis of possible strategies for airlines on 
emissions and climate change is then set out in sections 3 and 4.  

(b) Climate impacts of aviation55

A number of reports assessing the impacts of aviation on the global atmosphere, 
beginning with the 1999 IPCC report, are considered below. The footnotes refer 
to additional reports which also consider the climate impacts of aviation.  

IPCC, Aviation and the Global Atmosphere (1999)56

In its 1999 report, the IPCC concluded that in 1992 emissions of carbon dioxide 
by aircraft represented about 2% of total anthropogenic (or man-made) carbon 
dioxide emissions57 about 13% of carbon dioxide emissions from all 
transportation sources.58 However, during flight, in addition to carbon dioxide, 
aircraft engines also emit nitric oxide and nitrogen dioxide (together, NOx, which 
form ozone59 at altitude), as well as oxides of sulphur, water vapour (resulting in 
contrails and cirrus clouds at altitude), hydrocarbons and particles. Uniquely, 
most of these emissions occur far above the earth’s surface:60

[a]ircraft emit gases and particles directly into the upper troposphere and lower 
stratosphere where they have an impact on atmospheric composition. These 
gases and particles alter the concentration of atmospheric greenhouse gases, 
including carbon dioxide (CO2), ozone (O3), and methane (CH4); trigger formation 
of condensation trails (contrails); and may increase cirrus cloudiness - all of 
which contribute to climate change.61
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Aircraft emissions of nitric oxide and nitrogen dioxide “are more effective at 
producing ozone in the upper troposphere than an equivalent amount of emission 
at the surface. Also increases in ozone in the upper troposphere are more 
effective at increasing radiative forcing than increases at lower altitudes.”62

A 2006 Oxford University report by Cairns and Newson states: 

The combined effect of these other emissions is to add significantly to the climate 
change impacts of aviation, over and above those caused by its CO2 emissions 
alone.63 The fact that aviation’s climate impacts are ‘significantly worse’ than 
those caused by its carbon dioxide emissions is scientifically uncontroversial.64

Put another way, as stated in the May, 2007 IPCC Working Group III report, 
“Climate Change 2007: Mitigation of Climate Change,”65 total climate change 
mitigation potential in the aviation sector “would also need to account for non-
CO2 climate impacts of aviation emissions.”66 Importantly, in an aviation context, 
“CO2 is not the only gas”67 that contributes to climate change. 

As summarised in the report of a workshop held at MIT in June, 2006, which 
considered the impacts of aviation on climate change, “[a]ircraft emissions can 
alter the radiative budget of the Earth and contribute to human-induced climate 
change through several different ways.”68

In order “to estimate the relative and absolute importance of various activities 
and emissions on climate,”69 the IPCC uses the climate metric known as 
“radiative forcing,” which is a globally averaged measure of the imbalance in 
radiation caused by the sudden addition of the activity or emission.70 In the 
IPCC’s calculation,  

[t]he Radiative Forcing Index (RFI) - the ratio of total radiative forcing to that from 
CO2 emissions alone - is a measure of the importance of aircraft-induced climate 
change other than that from the release of fossil carbon alone. In 1992, the RFI 
for aircraft is 2.7.71    

As a result, “[t]he best estimate of the radiative forcing in 1992 is … about 3.5% 
of the total radiative forcing by all anthropogenic activities”72 The 2002 Royal 
Commission on Environmental Pollution’s The Environmental Effects of Civil 
Aviation in Flight confirmed this estimate.73

The major, large-scale environmental problem associated with the continuing 
expansion of aviation is the forcing of climate change.74 While the IPCC 
calculations set out above refer to 1992, the IPCC also examined a range of 
growth scenarios for aviation to 2050. It concluded as follows:  

Over the period from 1992 to 2050, the overall radiative forcing by aircraft 
(excluding that from changes in cirrus clouds) for all scenarios in this report is a 
factor of 2 to 4 larger than the forcing by aircraft carbon dioxide alone. The 
overall radiative forcing for the sum of all human activities is estimated to be at 
most a factor of 1.5 larger than that of carbon dioxide alone.75
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The 2002 Royal Commission on Environmental Pollution considered the IPCC’s 
calculations to be conservative: 

In summary, we consider that the IPCC reference value for the climate impact of 
aviation is more likely to be an under-estimate rather than over-estimate. We 
conclude that, unless  there is some reduction in the growth in the sector, or 
technology improves considerably more than was assumed by IPCC, by 2050 
aviation will be contributing at least 6% of the total radiative forcing consistent 
with the necessary stabilisation of climate. A safer working hypothesis is that it 
will be in the range 6% - 10%.76

As the report of the workshop held at MIT (which considered the impacts of 
aviation on climate change) notes, “there has been no comprehensive attempt 
[since the 1999 IPCC aviation report] to update the science and the associated 
uncertainties [of the impacts of aviation on the global atmosphere],” although new 
information has become available.77 That report, Workshop on the Impacts of 
Aviation on Climate Change: A Report of Findings and Recommendations, is 
considered further below.78

United States GAO,79 Aviation and the Environment: Aviation’s Effects on 
the Global Atmosphere Are Potentially Significant and Expected to Grow 
(2000)80

The United States General Accounting Office (GAO) states at the outset of its 
report that aviation “is one of the fastest-growing sectors of the world economy” 
and, thus, “the impact of aircraft emissions on the earth’s atmosphere and 
climate is a concern for transportation planners and policymakers.”81  It concludes 
that aviation emissions “comprise a potentially significant and growing 
percentage of human-generated greenhouse gases and other emissions that are 
thought to contribute to global warming.”82

For the GAO, aircraft emissions are potentially significant because: 

jet aircraft are the main source of human emissions released directly into 
the upper atmosphere; 

emissions (carbon dioxide and other gases and particles emitted by 
aircraft83) could have 2 to 4 times the effect of CO2 alone on the 
atmosphere; and 

the IPCC concluded that “the increase in aviation emissions attributable to 
a growing demand for air travel would not be fully offset by reductions in 
emissions achieved through technological improvements alone.”84

The GAO’s conclusion is based on its assessment of the 1999 IPCC report – like 
other studies and reports considered here - together with “consultations with 
knowledgeable agency officials and other experts.”85  It also notes that while 
aviation, scientific and environmental experts argue that aviation will grow on a 
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global basis and increasingly contribute to human-generated emissions, those 
experts differ “in the rates of growth they project and the effects they 
anticipate.”86

Royal Commission on Environmental Pollution, The Environmental Effects 
of Civil Aviation in Flight (2002)87

This report is considered above in the context of the IPCC assessment. 

Waitz et al, Aviation and the Environment (2004)88

The report by Waitz et al – a report to the United States Congress – states that 
there is “a compelling case for urgent national [US] action to address the 
environmental effects of air transportation” and notes that “environmental 
concerns are strong and growing.”89 It notes that, “[a]s a result of growth in air 
transportation, emissions of many pollutants from aviation activity are increasing 
against a backdrop of reductions from many other sources,”90 and that 

non-US concerns and regulatory action are increasingly setting conditions for the 
world’s airlines and manufacturers. For example, within the European Union the 
climate effects of aviation are identified as the most significant adverse impact of 
aviation … However, there is considerable uncertainty in assessing the climate 
effects of aircraft …91

Further, “[b]ecause of the uncertainty in understanding the impacts of aviation on 
climate, appropriate technological, operational and policy options for mitigation 
are also uncertain.”92  Such uncertainties have, since the 2004 report, been 
reduced, just as “[s]ince the IPCC study, the scientific understanding of some of 
the chemical and physical effects (particularly contrails and the cirrus clouds they 
may induce) has evolved.”93

The report cites the 1999 IPCC report94 and the Royal Commission on 
Environmental Pollution 95 and summarises the challenge of reducing aviation 
environmental impacts as follows: 

Reducing significant aviation environmental impacts in absolute terms is a 
challenging goal, especially when considered in light of the projected growth in 
aviation traffic … [and] these reductions will be difficult to sustain as traffic grows. 
Further, there  are areas (such as NOx emissions) where technological 
improvements and operational procedures combined have not been enough to 
offset the increase in emissions associated  with traffic growth.96   

Sausen et al, Aviation Radiative Forcing in 2000: An Update on IPCC
(1999) (2005)97

In general terms, Sausen et al confirm the IPCC conclusion that the total 
radiative forcing due to aircraft is 2 to 4 times that due to carbon dioxide 
emissions alone.98
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Cairns and Newson, Predict and decide: Aviation, climate change and UK 
policy (Environmental Change Institute, University of Oxford) (2006)99

While this University of Oxford report assesses the implications of aviation 
growth in the UK, it presents at the outset a summary of existing statistics about 
the scale of aviation’s contribution to climate change. One report summarised, 
that of the IPCC, is considered above. Another, a 2004 UK Department for 
Transport (DfT) White Paper, The Future of Transport, states that  

If UK aviation is defined as all domestic services plus all international departures 
from the UK, then the aviation sector currently contributes about 5.5% of the 
UK’s CO2 emissions but, because of radiative forcing, 11 per cent of total UK 
climate change impact. 100

For Cairns and Newson, the authors of the report, 

studies of the emissions from aviation all indicate that its climate impacts are 
considerably worse than the effects of its CO2 emissions alone. Moreover, the 
non-CO2 emissions have a powerful short-term impact on climate. This could be 
particularly important, given the urgent imperative to address climate change in 
the short-term to avoid runaway climate change.101

They conclude that 

[b]y 2050, the most conservative estimate102 of aviation’s future significance … 
suggests that, between 1990 and 2050, the carbon dioxide emissions from 
aviation will approximately quadruple. Other forecasts suggest that the carbon 
dioxide from aviation could grow by more than 10 times over that period … In 
addition to carbon dioxide, aviation emits other substances which have a range 
of additional climate impacts. One estimate suggests that, in a period of 12 
months, the damage caused by CO2 contrails and NOx emissions from aviation 
is 36 times as bad as that caused by CO2 alone … [T]here is no doubt that the 
non-CO2 emissions from aviation add significantly to the climate impacts of 
aviation …103

Tyndall Centre for Climate Change Research, Anderson et al, Growth
Scenarios for EU & UK Aviation: Contradictions with Climate Policy
(Tyndall Centre for Climate Change Research) (2006)104

Both the IPCC report, Aviation and the Global Atmosphere,105 and the Royal 
Commission on Environmental Pollution, The Environmental Effects of Civil 
Aviation in Flight,106 are referenced here. With regard to the IPCC study, it finds 
that the reference scenario used to produce the IPCC’s estimate of radiative 
forcing from aircraft107 in 2050 (versus 1992) – about 14% of the total radiative 
forcing for 1992 – “assumes both lower aviation growth than that seen in the 
period up to 11 September 2001, and large technological advances.”108  It cites 
with approval the Royal Commission on Environmental Pollution’s finding that 
“the IPCC reference value for the climate impact of aviation [is] more likely to be 
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an under-estimate than an over-estimate of aviation’s contribution to radiative 
forcing.”109 And the study takes account of the IPCC’s calculation of the radiative 
forcing caused by aviation emissions as 2.7 times higher than the radiative 
forcing of CO2 emissions alone, but also provides estimates that don’t take 
account of that 2.7 factor.110

The Tyndall Centre’s conclusions with regard to aviation growth scenarios and 
trends as set out in this study, together with the conclusions of other studies, are 
outlined at section 2.2(c) below. 

Next Generation Air Transportation System/Joint Planning and 
Development Office (NGATS/JPDO) Environmental Integrated Product 
Team and Partnership for AiR Transportation Noise and Emissions 
Reduction (PARTNER), Workshop on the Impacts of Aviation on Climate 
Change: A Report of Findings and Recommendations (2006)111

The penultimate report examined here, one of the findings and recommendations 
of the June, 2006 MIT workshop on the impacts of aviation on climate change, 
has been referred to above in footnotes qualifying and expanding on some of the 
earlier reports considered in this working paper, and is referred to again below in 
the context of aircraft technological developments. The report also deals with a 
number of reports and studies which have been considered in this paper.  

The report makes findings in three areas: 

emissions in the upper troposphere and lower stratosphere (UT/LS) and 
resulting chemistry effects;  

contrails and cirrus; and  

climate impacts and climate metrics.  

With regard to emissions in the UT/LS, the report notes that, since the 1999 
IPCC report, substantial improvements have been made “in the chemistry-
transport modeling tools used to evaluate the impacts of aviation NOx emissions 
on O3 and CH4.”112 Nonetheless, it identifies uncertainties and gaps in evaluating 
aviation effects on climate, including:  

aircraft emissions of gases and particles;  

the fundamental NOX and HOX chemistry of the upper troposphere;  

lightning NOX;

plume processing of aircraft NOX in the first 24 hours;  

coupling and feedbacks of tropospheric CH4-CO-OH-O3;

climate change;  
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“scavenging;” and

transport and “mixing.”113

With regard to contrails and cirrus,  

Aircraft-induced contrail-cirrus add significantly to the natural high cloud cover 
and have the potential, albeit with large uncertainties, for a relatively large 
positive radiative forcing (direct effect). Line-shaped contrails are only a portion 
of the total climate impact of aviation on the cloudiness. Recent correlation 
analyses between real-time regional-scale air traffic movements and the 
occurrence of contrail structures detectable with satellites, suggest the global 
coverage of persistent, spreading contrails (contrail-cirrus) and inferred radiative 
forcing might be underestimated by an order of magnitude or more, but large 
uncertainties remain.114

In terms of those uncertainties – and gaps – in contrail-cirrus and other aircraft-
induced effects on cirrus clouds, they include plume particle processing; optical 
properties of contrails, contrail-cirrus and cirrus; detection and prediction of ice 
super-saturation; in-situ measurements of aerosol chemistry and small ice 
crystals; properties of heterogeneous ice nuclei from natural and anthropogenic 
sources; interactions between heterogeneous ice nuclei and cirrus clouds; 
incorporation of effects of aviation-induced 
particles and cirrus into global models; representation of aerosols and contrails in 
global atmospheric models; and long-term trends in contrail-cirrus and cirrus.115

The third part of the report deals with climate impacts and climate metrics.116

Uncertainties and gaps identified include optical properties of contrails, contrail-
cirrus, and cirrus, as well as defining metrics for trade-offs. Further,  

There remain significant uncertainties on almost all aspects of aircraft 
environmental effects on climate, with the exception of the radiative forcing from 
the CO2 emissions. The ozone and methane RFs from NOx emissions are 
opposite in sign, so the extent to which they offset each other is an important 
uncertainty. Estimates for contrails and cirrus are particularly highly uncertain … 
The overall conclusion from … analyses is that significant uncertainties still 
remain in quantifying the impacts of aviation emissions on  climate.117

Stern, The Economics of Climate Change (the Stern Review) (2006)118

The Stern Review was considered above in the context of climate change 
generally. One conclusion of the review is that it will become increasingly 
important to extend the coverage of carbon pricing and other measures to 
international aviation, and that “there is currently no incentive to reduce 
international aviation emissions.”119

In terms of the climate impacts of aviation, the Stern Review finds that “CO2

emissions from aviation are expected to grow over three-fold in the period to 
2050, making it among the fastest growing sectors”120 and that, between 2005 
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and 2050, “emissions are expected to grow fastest from aviation (tripling over the 
period, compared to a doubling of road transport emissions).”121 It also finds that 
international aviation emissions are almost twice as great as domestic emissions 
and, most importantly for present purposes, that aviation’s impact on climate 
change is higher than simply the impact of its CO2 emissions122 (in this the review 
reflects similar findings in other studies referred to above), stating that 

the impact of aviation on climate change is greater than … figures suggest 
because of other gases released by aircraft and their effects at high altitude. For 
example, water vapour emitted at high altitude often triggers the formation of 
condensation trails, which tend to warm the earth’s surface. There is also a 
highly uncertain global warming effect from cirrus clouds (clouds of ice crystals) 
that can be created by aircraft.123

The review cites the IPCC figures concerning the radiative forcing of aviation as 
2 to 4 times greater than the effect of CO2 emissions alone.124

On the non-CO2 effects of aviation, Stern notes that “there is no internationally 
agreed methodology for presenting  the warming effects of emissions from 
aviation as CO2e so it is excluded from emission estimates.”125 The lack of an 
agreed international methodology gives rise to one of the key issues flowing from 
any study of the climate impacts of aviation: How to take account of the full 
contribution of aviation to climate change, not simply the impact of CO2

emissions alone?126

Stern puts forward a number of possible solutions to this issue, among them 
setting high carbon taxes on aviation127 and either inclusion of aviation in an 
existing emissions trading scheme or a closed aviation scheme: 

To account for the complete impacts of aviation within an ETS, some form of 
 discounting could be used, analogous to the global warming potential factors that 
 are used to convert GHG emissions to CO2 equivalent emissions. Alternatively, 
 combining emissions trading with a tax could provide extra revenue.128

Put another way, 

[t]he level of the carbon price faced by aviation should reflect the full contribution 
of emissions from aviation to climate change … [T]he impact of aviation is two to 
four times higher than the impact of the CO2 emissions alone. This should be 
taken into account, either through the design of a tax or trading scheme,129

through both in tandem, or by using additional complementary measures.130

The question as to how to reconcile aviation growth trends with effective, long-
term climate policy is dealt with in section 4, the core part of the paper, which 
examines in detail possible airline strategies for dealing with the climate impacts 
of aviation. 



12 

(c)  Aviation growth trends and greenhouse gas emissions reductions: “Making 
           room for the aviation industry” 131

If the reductions in carbon dioxide emissions from ground-level activities 
recommended in the Commission’s Twenty-Second Report132 are 
achieved, and the growth in air transport projected by IPCC materialises, 
then air travel will become one of the major sources of anthropogenic 
climate change by 2050.

   
- Royal Commission on Environmental Pollution,  

The Environmental Effects of Civil Aircraft in Flight133

In section 2.2(a), Airbus, Boeing, IATA and ACI forecasts with regard to growth in 
aviation markets, numbers of passengers and numbers of aircraft made were 
outlined. In section 2.2(b), a number of reports assessing aviation’s contribution 
to climate change were considered. This section, ahead of an analysis of 
possible strategies for airlines on greenhouse gas emissions and climate change, 
briefly examines difficulties - or dilemmas - in addressing the climate impacts of 
aviation at a time of significant aviation growth, both actual and forecast. For this 
purpose, the UK and the EU are used as examples. As this paper is part of an 
ongoing project which examines airline strategies on climate change in greater 
detail, a subsequent report which sets out the results of such examination will 
look at jurisdictions additional to the UK and the EU. 

Cairns and Newson, Predict and decide: Aviation, climate change and UK 
policy  (Environmental Change Institute, University of Oxford) (2006)134

The Cairns and Newson report considered earlier at section 2.2(b) summarises a 
number of UK reports135 and makes findings with regard to aviation CO2

emissions and how they relate to UK emissions targets. From those reports it is 
clear that aviation emissions doubled between 1990 and 2000136 and that, without 
the application of what Cairns and Newson term “economic instruments,” aviation 
emissions

are forecast to at least double again between 2000 and 2050, meaning that they 
will quadruple during a period in which overall UK emissions are aiming to reduce 
by 60% … By 2050, other sectors would have to reduce their emissions by even 
more than forecast – specifically, by about 71% - in order to compensate for the 
growth in aviation.137

A summary of data from studies in 2003 and 2004,138 2005139 and 2006140

produces the conclusion that, by 2050, aviation CO2 emissions would have 
increased by between 4 and 10 times compared to 1990 levels and, hence, 
“aviation could account for between 27% and 67% of all UK target emissions by 
that point, requiring other sectors to cut their emissions by between about 71% 
and 87% of 1990 levels.”141

The non-CO2 climate effects of aviation were outlined at section 2.2 (b).
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Cairns and Newson state as follows: 

[T]he carbon dioxide emissions from aviation are forecast to reach between 17.4 
million  and 44.4 million tonnes of carbon, at a time when the UK is attempting to 
limit the carbon emissions of all its activities to only 65 million tonnes of carbon. 
In addition, the impacts of aviation will be significantly worse than those of its 
carbon dioxide emissions alone. Hence, the implication is that a significant 
reduction in the projected growth of  aviation is required and it will be impossible 
to reduce the UK’s climate change impacts  to the extent needed to meet 
international aspirations unless action is taken to curb aviation growth.142

Thus, the study concludes that there is an urgent need to introduce a policy of 
“demand restraint.”143

Tyndall Centre for Climate Change Research, Decarbonising the UK: 
Energy for a Climate Conscious Future (Tyndall Centre for Climate 
Change Research) (2005)144

The Tyndall Centre study produces a number of “decarbonising the UK” 
scenarios with the aim of providing “a whole system understanding” of how the 
UK government can achieve a “true” 60% CO2 reduction target by 2050.145 With 
regard to aviation, its research “clearly demonstrates” that, absent government 
action to significantly reduce aviation growth, emissions from aviation will outstrip 
carbon reductions envisaged for all other economy sectors146 - what it calls (with 
reference to both the UK and the EU) “a looming problem in the skies.”147

In terms of its UK aviation scenario, the study states current aviation industry 
growth of about 8% per annum. Contrasting emission reduction profiles for both 
550 and 450 ppmv atmospheric concentration of CO2 with increasing aviation 
emissions,148 it concludes that there are “severe” implications of allowing even 
“moderate” growth in aviation for the UK’s carbon reduction obligation; 50% of 
the 550ppmv emissions is subsumed by aviation, and as against a 450ppmv 
stabilisation level, aviation “will exceed the carbon target for all sectors by 
2050.149 For more than any other industry sector, aviation “with its continued 
reliance on kerosene and its high growth rate, threatens the integrity of the UK 
long-term climate change target.”150 Moreover, it concludes that 

The [2003 UK Government’s Aviation] White Paper supports continued aviation 
growth, with plans for new runways at Birmingham, Edinburgh, Stansted and 
Heathrow airports,151 along with new terminals and runway extensions throughout 
the UK.152 Within the earlier 2003 Energy White Paper, the UK Government 
outlined its plans to reduce carbon emissions by 60% by 2050. However, given 
the absence of an international agreement on how to apportion aviation 
emissions between nations, only domestic aviation emissions were included 
within this 60% target. Omitting the fastest growing emissions sector from the 
target cannot be reconciled with the Government’s  claim that the target relates 
to stabilizing carbon dioxide concentrations at 550ppmv. In other words, 
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international aviation must be included if the UK Government is to make its ‘fair’ 
contribution towards the 550ppmv target.”153

In terms of its EU aviation scenario, the study states current aviation industry 
growth at mean of 7.7% per annum. Contrasting emission reduction profiles for 
both 550 and 450 ppmv atmospheric concentration of CO2 with increasing 
aviation emissions, it concludes that the EU 25’s aviation sector takes up almost 
40% of the total permissible emissions for all sectors in 2050 (the 550ppmv 
regime) and as much as 80% (the 450ppmv regime).154 The projections “highlight 
… the conflict between a contracting carbon target and the EU’s expanding 
aviation industry.”155

After finding that technical and operational improvements will only offer small 
reductions in fuel burn, the Tyndall study further finds that 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.”156  Moreover, the Tyndall 
Centre views as revealing 

the enormous disparity between both the UK and EU positions on carbon 
reductions and their singular inability to seriously recognise and adequately 
respond to the 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 the responses are. Given that it may be many 
years before … a comprehensive international emissions trading system tied to 
an adequate emissions cap [is operational], 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.157

Anderson et al, Growth Scenarios for EU & UK Aviation: Contradictions 
with Climate Policy (Tyndall Centre for Climate Change Research) (2006)
158

This report develops aircraft emissions scenarios for the period 2002-2050 for 
each EU state159 and compares those scenarios with national carbon “contraction 
and convergence” profiles160 for 450 ppmv and 550 ppmv161 CO2 concentration 
stabilisation levels for EU member States.162 The results  

show that a significant portion of annual emissions budget will be attributable to 
the aviation industry for the aggregated EU 125 nations, as is also the case when 
separated into the original EU 15 nations, the 10 new accession states and 
looking at the UK alone. If the aviation industry is allowed to grow at rates even 
lower than those being experienced today, the EU could see aviation accounting 
for between 39% and 79% of its total carbon budget by 2050, depending on the 
stabilisation level chosen. For the UK, the respective figures are between 50% 
and 100%.163
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The study also finds that if the EU commits to “substantial long-term cuts” in CO2

emissions, implemented on a contraction and conversion basis,164 “it is unlikely 
that the level of UK aviation growth projected by DfT in the aviation White Paper 
will be accommodated within a European ETS alone.”165

Moreover, applying the IPCC 2.7 uplift factor, the aviation industry’s proportion of 
human-induced climate change significantly increases. 

Uplifted EU aviation emissions alone would exceed the 550ppmv contraction and 
convergence target for the EU by 2050, leaving no emissions space for any other 
sectors. Even by 2030, application of the 2.7 uplift factor shows aircraft taking 
34% of the EU carbon allowance under the 550ppmv regime and 50% for the 
450ppmv regime. As it appears unlikely that any alternative to kerosene as an 
aviation fuel will be in widespread use by 2030, permitting these emissions would 
require either major changes to EU energy supply and consumption or a 
commensurate purchase of emissions credits from elsewhere in the world.166

For Anderson et al, reconciling aviation emissions growth, economic growth on a 
global basis of more than 4% annually, and climate change targets at the level of 
550ppmv or less “must be in doubt” and is a matter which “requires urgent 
investigation,” even within any global emissions trading system.167

On the analysis as presented in this report, “all of the other sectors of the 
economy must significantly decarbonise to allow the aviation industry to grow 
and to continue to use kerosene up to 2050.”168

Bows and Anderson, “Policy Clash: Can Projected Aviation Growth be 
Reconciled with the UK Government’s 60% Carbon-Reduction 
Target,”Transport Policy (2007)169    

Although not a detailed study or report,170 this paper is included because it both 
updates 2005 and 2006 studies from the Tyndall Centre and deals with the 
impact of aviation growth from today to 2050 for both the UK and the EU, as well 
as with the implications for aviation and its inclusion in the EU ETS. 

The paper’s main points (in the order in which they are made) are as follows: 

CO2 emissions from the EU’s aviation industries are growing rapidly, and 
the UK’s aviation industry is the fastest growing source of CO2 emissions 
of any sector of the UK economy;171

aviation industry emissions between now and 2040 are expected to grow 
rapidly, and such emissions growth “will have a profound effect on the UK 
as it attempts to significantly reduce its emissions from the economy as a 
whole;”172

the UK government endorses a target of reducing UK CO2 emissions by 
60% by 2050.  Inclusion of aviation in that target “has dramatic 
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consequences for other key sectors of the economy, many of which also 
have increasing emissions;” 173

“explicitly facilitating growth in aviation, where no short- to medium-term 
alternatives to using kerosene or step changes in fuel efficiency 
improvements are envisaged, will undoubtedly seriously constrain the 
emission space available in other sectors. Furthermore … [indications are] 
that under the 450ppmv stabilisation profile, all other sectors of the 
economy will need to significantly, possibly completely, decarbonise by 
2050 if the respective carbon-reduction target is not to be exceeded;”174

and

emissions from international aviation are excluded from Kyoto and all 
other national and international climate change targets; “effective climate 
change targets must include, urgently, emissions from aviation … In the 
absence of explicit policies to curb aviation growth, global emissions from 
this sector will continue to grow rapidly as passenger demand outstrips 
substantially improvements in both fuel efficiency and carbon intensity … 
[T]he current very high emissions growth rates will result in the aviation 
industry being increasingly responsible for a large proportion of the EU’s 
total carbon budget.”175

European Federation for Transport and Environment and Climate Action 
Network Europe, Clearing the Air: The Myth and Reality of Aviation and 
Climate Change (2006)176

This July, 2006 report summarises the findings of a number of recent studies, 
some of which have been considered above. It examines 12 questions about the 
climate impacts of aviation in two parts - (a) the impact of aviation on climate 
change;177 and (b) climate policy measures for aviation presently under 
consideration178 - and is concerned with  separating the “myth from the reality” in 
these areas.  

On the climate impacts of aviation, the study concludes as follows: 

[I]n 2000, aviation was responsible for 4 to 9 per cent of the climate change 
impact of global human activity – the range reflecting uncertainty surrounding the 
effect of cirrus clouds … aviation has by far the greatest climate impact of any 
transport mode, whether measured per passenger kilometre, per tonne kilometre, 

economy and employment is far less than its importance for climate change.179

___________________________ 

With regard to the climate impacts of aviation the most common airline 
responses have been, broadly, as follows (although there has been some 
difference in terms of response between European and North American airlines): 
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continue - more or less - with business as normal. In this regard, 
compared with other industry and corporate responses to the problem, the 
airline industry response has been less proactive and more subdued;180

argue that the problem can – to a greater or lesser extent - be dealt with 
by improving air transport technology and infrastructure, by developing 
more efficient operational practices, and by calling for more efficient air 
traffic management systems and processes; and/or 

argue that a global solution should be developed, working through the 
International Civil Aviation Organisation (ICAO) (IATA “urges” States “not 
to jump the gun on emissions trading but to wait for the ICAO Assembly’s 
recommendations in September, 2007”181).

Possible strategies for airlines on climate change and aircraft GHG emissions are 
set out below, together with assessment of them. 
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3. “Difficult challenges:” Possible airline strategies for dealing with the 
 greenhouse gas emissions problem 

Aviation faces some difficult challenges. Whilst there is potential for 
incremental improvements in efficiency to continue, more radical options 
for emissions cuts are very limited. The international nature of aviation 
also makes the choice of carbon pricing instrument complex … and … 
[i]nternationally coordinated taxes are difficult to implement … the choice 
of tax, trading or other instruments is likely to be driven as much by 
political viability as by the economics … 

- Sir Nicholas Stern,  
The Economics of Climate Change (2006)182

Possible airline strategies for dealing with the greenhouse gas emissions 
problem are as follows:  

continue with business as normal;

improve air transport technology and develop alternative jet fuels;

develop more efficient operational practices and call for more efficient air 
transport management systems and processes;

support a cap-and-trade ETS: airlines would be allocated allowances 
according to a baseline, and would be able to either sell their unused 
portion or would have to buy credits to ensure that their emissions are 
covered.  Such schemes might either be closed or open. In a closed 
scheme, purchases have to be made from the same industry; in an open 
scheme, purchases can be made on an open market. The EC proposes to 
include aviation in the EU ETS in two phases, from 2011 and 2012; 

support a cap-and-trade ETS with closed purchase of allowances: aviation 
operators would be required to purchase the initial allowance, with the 
amount purchased determined by a baseline; 

support a cap-and-trade ETS with open purchase of an industry 
allowance: the industry would be allocated an allowance; individual 
airlines, however, would have to bid for their share; 

support mandatory emissions offsets (support mandatory participation in 
an emissions offset market); 
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as a preliminary step to support of mandatory emissions offsets , introduce 
an airline default – or opt-out - passenger emissions offset scheme; and 

introduce taxes and charges.

These strategies are outlined and evaluated below. 
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4. Assessment and evaluation of possible airline strategies

The only way we are going to prevent having an amount of CO2 that is far 
 beyond the dangerous level is by putting a price on emissions.

- James Hansen (2007),  
Director of the NASA Goddard Institute for Space Studies and Adjunct 

Professor of Earth and Environmental Sciences, Earth Institute, 
Columbia University183

4.1 Continue with business as normal 

Companies are taking action now because doing nothing is a strategy that 
is running out of steam. Like it or not … industry is beginning to accept 
that the issue of climate change is not going away. 

Abrahm Lustgarten, “For Sale: Pollution,” Fortune (2006)184

Any airline strategy for dealing with the climate impacts of aviation - the aviation 
emissions problem - which involves, more or less, continuing with business as 
normal is, in our view, based on an inappropriate attitude to risk185 and to climate 
change. At the very least airlines should do what should be done whenever faced 
with the probability of a serious loss - take precautionary action, such action 
including, amongst other things, engagement with governments. Avoidance of 
unanticipated shocks is one of a number of advantages such action offers. The 
most likely source of shocks is public opinion.  

Demands are now placed on corporations to deal with their exposure to climate 
change risks. Put another way, businesses are affected by climate change. Lash 
and Wellington, writing in March, 2007 in the Harvard Business Review, state 
that: 

[i]nvestors already are discounting share prices of companies poorly positioned 
to compete in a warming world. Many businesses face higher … energy costs as 
governments around the globe increasingly enact policies placing a cost on 
emissions. Consumers are taking into account a company’s environmental 
record when making purchasing decisions … Even in the United States … the 
debate is rapidly shifting from whether climate change legislation should be 
enacted to when and in what form .186

Further, “in the court of public opinion,” companies “can be found guilty of selling 
or using products, processes, or practices that have a negative impact on the 
climate.”187 A study by the Carbon Trust concluded that airlines were particularly 
vulnerable in this regard188 - up to 50% of brand value was at potential risk from 
climate change189 (presenting, of course, opportunity for airline differentiation 
against competitors).  
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Corporations are increasingly: 

(a)  subject to standards, frameworks and “protocols” for dealing with climate 
change (ie other forms of demand); and 

(b) the subject of reports which outline the business opportunities and risks 
associated with climate change.  

With regard to (a), for example, the October, 2006 Global Framework for Climate 
Risk Disclosure190 is a voluntary set of corporate social responsibility guidelines 
that makes climate change a measurable disclosure topic in shareholder reports. 
These guidelines are put together by leading institutional investors and 
environmental and other organisations. Four elements of disclosure are provided 
for in the framework:  

total historical, current and projected greenhouse gas emissions;  

strategic analysis of climate risk and emissions management;  

assessment of physical risks of climate change; and  

analysis of risk related to the regulation of greenhouse gas emissions.191

Similarly, the Greenhouse Gas Protocol: A Corporate Accounting and Reporting 
Standard, as revised, is the result of a partnership of businesses, NGOs and 
governments which provides a guide for corporations in quantifying and reporting 
their greenhouse gas emissions.192 The Global Roundtable on Climate Change’s 
statement, The Path to Climate Sustainability,193 endorsed by “[l]eaders from key 
economic sectors and regions of the world,”194 sets out a self-styled global 
framework for action on the part of governments and corporations to reduce 
climate change.195 Further, the World Economic Forum announced in early 2007 
an international partnership of seven organisations to establish a framework for 
climate risk-related reporting by corporations.196

With regard to (b) – reports which outline the business opportunities and risks 
associated with climate change – such reports include (in 2006) the Carbon 
Trust’s Climate Change and Shareholder Value;197 A Three-Pronged Approach 
to Corporate Climate Strategy by the Business for Social Responsibility;198

Citigroup’s Investing in Solutions to Climate Change;199 Business and 
Ecosystems by the Earthwatch Institute et al;200 and, in 2007, Making Sense of 
the Carbon Economy by Npower Business and Forum for the Future201 and 
Citigroup’s Climatic Consequences: Investment Implications of a Changing 
Climate.202 In March, 2007, business leaders, financial services firms, asset 
managers, foundation endowments, pension funds, government officials and 
labor, in a project organized by Ceres and the Investor Network on Climate Risk, 
released a “Climate Call to Action,” stating that businesses, investors and 
governments must act, and that such action must be taken “on a large scale over 
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a long period of time … much more [must be done] to mitigate climate risks and 
seize opportunities, but government action … is essential.”203

For Npower and the Forum for the Future, “the changing requirements of 
politicians, investors, and customers are all too real. Smart companies, no matter 
what size or sector, are therefore already preparing for the transition to the low 
carbon economy;”204 self-interest is a powerful motivator for change. Citigroup 
believes that, “as a direct result of pressure from consumers, litigants, and 
investors, there will, in the next few years, be a “tipping point”205 in corporate 
behaviour with regard to climate change issues,206 and that, from a corporate 
perspective, policies that are climate-friendly have a number of distinct 
advantages.207

If airlines resist demands to deal with their exposure to climate change risks 
(demands such as those outlined above), public pressure will likely build and 
result in an abrupt change in the business environment – one of the shocks 
referred to earlier. Even if pressure grows predictably, policy and regulatory 
changes may well be discontinuous.  

Apart from avoiding shocks one advantage of a pro-active stance towards the 
risks and uncertainties presented by climate change is that it clearly makes 
economic sense. Writing in the March, 2007 edition of Harvard Business Review,
authors from the World Resources Institute concluded that  

[c]ompanies that manage and mitigate their exposure to climate change risks 
while seeking new opportunities for profit will generate a competitive advantage
over rivals in a carbon-constrained world.208

And Ceres and the World Resources Institute have concluded that “companies 
that take positive and proactive measures to mitigate climate risk may create a 
competitive advantage for themselves relative to the rest of their sector,” such 
measures including corporate strategy to respond to regulatory action.209

Competitive advantage may be gained by addressing likely or anticipated 
regulatory proposals such as emissions trading schemes (ETS), for example, 
before possibly being required by government to participate in such schemes.210

Corporations “with a head start … have the credibility to participate in, or even 
shape, the debate over how to further reduce emissions”211 and combat climate 
change.  

Another payoff for taking action - for example, becoming actively engaged with 
government - before being forced to do so is predictability and an input into 
steering the process of change. If the aviation industry is involved in the policy 
development and decision-making process (design of any ETS, for example), it is 
in a position to have early input into formulating policies that are likely to be less 
damaging and gain the advantage of lead time to allow adjustment to the 
resulting changes. Such action would as a result produce certainty, important 
because, as McKinsey says, 
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uncertainty about future regulations is the biggest risk in the carbon equation: 
executives need long-term assurances on credits and emission levels to factor 
them into plans for expensive capital investments.212

A further advantage is that of focus. A proactive policy is more likely to focus the 
managerial capacity of the aviation industry on constructive policy initiatives. 
Another advantage is enhanced profitability. The Earthwatch Institute, the World 
Conservation Union, the World Business Council for Sustainable Development 
and the World Resources Institute together put the matter this way in late 2006: 

Businesses are affected by climate change, but the distribution of the impacts will 
vary. Those businesses that have implemented effective risk management 
strategies or have competitively positioned themselves will be more adaptable 
and could stand to benefit from climate change. Those that fail to recognize the 
risks and potential opportunities213 may suffer decreased operational efficiencies 
and profit margins.214

In our view it is essential that, going forward, airlines move ahead of – or push – 
governments in order to speed up the process of regulatory change.215

_____________________________ 

Climate change is, of course, underway. Contrasted with other corporate and 
industry sector responses to the climate change problem, those of the airline 
industry have to some extent been anomalous - that is, less proactive and more 
limited – although perhaps more true for North American airlines216 than for their 
European counterparts.217 Aviation Week noted in March, 2007 that “the reaction 
by the aviation industry to the climate change issue so far has been subdued”218

(although it also noted that the industry’s tone - IATA’s tone – “has become more 
strident”219). In mid-May, 2007, however, the Star Alliance 

endeavoured to take some control over the increasingly volatile discussion 
concerning commercial aviation's impact on the environment, announcing a 
transport and marketing partnership with leading conservation organizations 
while acknowledging that more forceful and unified communication is needed to 
defend the [airline] industry's  position.220

Marion C Blakey, the FAA Administrator, has acknowledged “[t]here’s a 
perception that somehow aviation doesn’t care about the environment … Aviation 
must effectively manage its environmental impacts. There’s nothing murky about 
that.”221 And in a different speech she stated that “[t]he fact of the matter in 
Europe is more and more often environmentalists are calling aviation a ‘rogue 
industry,’ lumped together alongside Big Tobacco …It’s presumptuous to assume 
it won’t happen here [in the US].” For Ms Blakey, together with congested 
airspace, “aircraft emissions may be the most serious barrier to aviation growth, 
at least in the long term.”222 In the view of the Chairman and CEO of US Airways, 
“[w]e have to get out in front and educate the consumer.”223
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The questions for airlines are action and adaptation.224 The remainder of this 
section 4 sets out possible airline action and adaptation strategies on aircraft 
GHG emissions and climate change, and our assessment of them. 

4.2 Improve air transport technology and develop alternative jet fuels 

Another response of the aviation industry to pressure to reduce its GHG 
emissions is to devote resources to improving air transport technology and 
infrastructure, and to develop alternative jet fuels – that is, to invest in research 
and development.225

(a) Aircraft technological developments

Airbus’ A380 is the largest passenger airplane built to date, and will carry more 
passengers further than any airplane before it. It will have “around 13% lower fuel 
burn than its closest competitor” 226 and, Airbus says, is “the sole aircraft 
employing [composites] in the centre wing box and rear fuselage … with 
increased use of carbon fibre reinforced plastic, and the first application of glass 
fibre-aluminium laminate on a civil airliner.”227

However, the A380 has also been described as “a plane that stretches World 
War II-era design, with metal wings bolted onto a metal fuselage, to its absolute 
limit,”228 and as “the last dinosaur of the aluminium age.”229 Moreover, the Tyndall 
Centre states that the A380 “continues to use high-pressure, high-bypass jet 
turbine engines that contain only incremental improvements over their 
predecessors.”230 And more generally, in relation to propulsion, as Bows and 
Anderson have noted, 

jet engines are a mature technology, and consequently the efficiency of the 
current fleet is not set to change substantially within the foreseeable future. 
Exacerbating this absence of a step-change in fuel efficiency is the long design 
life of aircraft, effectively locking society into current technology for at least the 
next 30-50 years.231

   
As for Boeing, its 787 “Dreamliner,” designed from scratch,232 is the first large 
commercial jetliner with a composite fuselage; almost the entire airframe is made 
of composites – carbon-fibre reinforced plastic233 - and, as composites “weigh 
half as much as aluminium, but are stronger so that wings and other parts can be 
made slimmer and more aerodynamic,”234 its lightweight design does make it far 
more fuel efficient than other jets.235 Indeed, the 787 “promises to burn 20% less 
fuel than conventional planes.”236

The 787 has been described as Boeing’s “wise bet on a green future,” with its 
development of “the first all-plastic plane:”  

Plastic planes are lighter, stronger and more energy-efficient. The Dreamliner’s 
fuel costs are [US]$3 million less per year than those of similar aluminium planes 
– let alone the massive A380.237
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Research being prioritised by Boeing in 2006 also focuses on low-cost aircraft 
and aircraft that use less fuel and are environmentally friendly (for example, an 
aircraft with main wings swept forward, not back, and miniature wings on the 
front), with work already commenced with engine companies on propulsion 
options.238 In terms of reducing aircraft emissions, Boeing is working on replacing 
auxiliary power units with fuel cells, although commercial aircraft application is 
more than a decade away.239 Airbus also plans to begin flight testing fuel cell 
technology this year – 2007 - and reports suggest that Boeing and Airbus may 
cooperate on this and other technological and environmentally-friendly 
initiatives.240

With regard to reducing aircraft emissions other aircraft technological research 
includes flying wing designs, lightweight materials, water injection in engines and 
hybrid laminar flow control.241 Research by engine manufacturers also focuses on 
technology that reduces nitrogen oxides emissions, including emissions 
combustor technology, the commercial application of which may likely be seen in 
the next generation of narrow body Airbus and Boeing passenger aircraft.242

The most ambitious research is perhaps that being conducted by the newly 
formed DELcraFTworks, a Delft University of Technology (TU Delft) advanced 
aerospace technologies research centre. Its aim is to deliver by 2011 a concept 
for a post-2025 “ultra-green airliner,”243 with goals for the airliner that include a 
50% reduction of carbon emissions and an 80% reduction of nitrogen oxide 
emissions. TU Delft’s business manager states that its “environmental goals are 
so ambitious that they will not be achievable without technological 
breakthroughs. What is needed are radical changes in technology that require a 
substantial amount of research.”244

DELcraFTworks’ project adviser states: 

The sustainability of air transport increasingly is becoming an issue. To prevent a 
situation where air travel is no longer environmentally and socially acceptable, a 
drastic departure is needed. Even the latest of airliners, such as the Airbus A350 
and A380 or Boeing 787, continue to be based on the classic Boeing 707 design 
of the 1950s. If we want to fly substantially improved aircraft by 2025, we need to 
start looking for seriously different concepts today.245

Other “green aircraft” research includes the Silent Aircraft Initiative (SAI) led by 
the Cambridge-MIT Institute, and including companies such as Rolls-Royce; its
aim is to create an airliner that is inaudible outside a typical airport, with a blended 
wing and body, by 2030.246 The aircraft would be made from composites; it would 
have no slots of flaps. And while its goal is aircraft noise reduction, SAI 
researchers state that it would use 25% less fuel than current aircraft.247 Indeed, 
“airliners that are cheaper to run and contribute less to climate change may be 
more attractive than silent ones. That is why a slightly noisier alternative design 
by the same researchers that is even more fuel-efficient shows most promise.”248

Notwithstanding such research aimed at “greener” flying, technology 
development  efforts being undertaken by Boeing and Airbus “to address 
greening demands”249 are not 
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headline-making initiatives that either is particularly eager to discuss. With 
billions invested in current aircraft technology design, there’s little appetite to 
trumpet early research into unorthodox approaches that often are radically 
different from current configurations.250

Moreover, as the Tyndall Centre concludes, and as reinforced by Bows and 
Anderson,251

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.252 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 until 2070.

(b) Alternative jet fuels

There would not appear to be any practical alternatives to kerosene-based 
fuels for commercial jet aircraft for the next several decades. 

- IPCC, Aviation and the Global Atmosphere253

Concerns regarding aircraft emissions, significant increases in oil prices and the 
price of jet fuel are driving increased research interest in alternative jet fuels. 
And, as noted in an October, 2006 report, Alternative Fuels and Their Potential 
Impact on Aviation, from researchers at Boeing, NASA and MTU Aero Engines,  

demand for air travel continues to grow, so much so that the industry’s rate of 
growth is anticipated to outstrip aviation’s fuel-efficiency gains. Underlying this 
growth projection is an assumption that the industry will not be constrained by 
fuel availability or undue price escalations. Future crude oil production may not 
be able to keep pace with world demand … thereby forcing the transition to using 
alternative fuels.254

As IATA states, “there are no realistic low-carbon fuel technologies on the 
horizon for air travel.”255 Options for powering commercial jet engines with 
alternative jet fuels, such as biodiesel (made from soybeans, corn and other 
products), hydrogen (a long-considered alternative)256 and synthetics (made by 
turning coal, oil shale or natural gas into a liquid that can act like traditional jet 
fuel), are being examined by government and industry.257 Particular focus is on 
coal-to-liquid and gas-to-liquid, and also biomass-to-liquid, technology. Ethanol258

is another option, but an “ethanol” aircraft “would have to be 35% heavier, be 
fitted with a larger engine, and result in an aircraft that uses 15% more energy on 
a 500-nautical mile mission.”259

Difficulties associated with one or more of these alternatives include production, 
transportation, and their viability under harsh weather conditions. Further, at 
present, such alternative fuels are far more expensive that traditional fuels. And 
there are real questions as to whether viable options to kerosene actually exist.260
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The report from researchers at Boeing, NASA and MTU Aero Engines, referred 
to above, concluded that  

 the only current known drop-in alternative jet fuel was found to be a synthetic 
manufactured fuel. Alternative aviation fuels synthesized by using a Fischer-
Tropsch-type process, are ideally suited to supplement, and even replace, 
conventional kerosene fuels … [However,] this fuel, and its manufacturing 
process, does not help address global warming issues …261

It further found that 

Another possible alternative, biofuel, could be blended in small quantities … with 
current jet fuel. This bio-jet-fuel blend can be derived from sustainable plant 
products, which makes it attractive as a step toward a “carbon neutral” fuel that 
will help address global warming issues. However, because of aviation’s high-
performance fuel specification needs, direct biofuels would need to go through an 
additional, possibly costly, fuel processing step.262

Other alternative fuels – liquid hydrogen and ethanol, for example, “result in 
airplane performance penalties.”263

While the focus at present is clearly on making aircraft more efficient rather than 
producing alternative jet fuels, “[a]ny incremental fuel supply, especially if both 
environmentally friendly and economically viable, is something worth pursuing,” 
as the Air Transport Association notes.264 Further, as Boeing’s director of 
environmental performance states, “[w]e are interested in alternative fuels 
because we want to make sure that there’s fuel available for the future.”265

Nonetheless, while, as US Transportation Secretary Mary Peters noted in May, 
2007, “the future lies in exploring alternative fuels,”266 it does “take a long time to 
develop and validate alternate fuel sources … [and u]biquity of the alternative 
fuel source is also critical,”267 all views with which the authors of the Boeing, 
NASA and MTU Aero Engines study would agree: 

For biofuels to be viable in the commercial aviation industry, significant technical 
and logistical hurdles need to be overcome. However, the task is not 
insurmountable, and no single issue makes biofuel unfit for aviation use. Aircraft 
equipment manufacturers and regulatory agencies will require a great deal of 
testing before biofuels can be approved. With adequate development, biofuels 
could play some role in commercial aviation fuel supplies.268

And, importantly, 

research and development in aviation biofuel needs to continue. If it is able to 
demonstrate additional benefits, such as exhaust pollutant and CO2 reduction, 
the fuel would become more attractive to aviation, especially in the case of 
carbon trading.269

Virgin Atlantic reportedly plans to make a 747 test flight in 2008 with one of the 
aircraft’s four engines filled with a mixture of 60% kerosene and 40% from 
“alternative biofuels, ” and with Virgin’s long-term aim of running its fleet “at least 
in part on alternative fuel.”270 The report also notes the challenges in operating an 
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environmentally friendly airline, as well as problems associated with alternative 
fuels (such problems outlined above).271 Another report notes that this and other 
developments taking place, especially in Europe,  

have emerged in recent months as increasingly important for the aviation 
industry … In  Britain, airplane emissions have become part of a public debate 
over whether flying is  sinful. Airlines have also been looking for competitive 
advantages, especially in the crowded skies over the Atlantic Ocean …”272

(c) An industry-wide solution?

With regard to improving air transport technology, Virgin Atlantic Chairman Sir 
Richard Branson announced in late 2006, at the second annual Clinton Global 
Initiative, an investment of USD 3 billion in technologies to help combat global 
warming. He said that his companies “were already engaged in developing an 
aviation fuel not derived from oil, along with better processes for making bio-fuels 
from grasses and other crops.”273  IATA states that “technology is key” and points 
to fuel efficient engines, lighter materials and aerodynamic airframes.274

While we support this research, of course, we do not believe the probability that 
new technology will provide an industry-wide solution in the near term is 
sufficiently high that it alone can be relied on to solve the emissions problem in 
the foreseeable future; our overview of aircraft technological developments 
presented above confirms this. Unfortunately, as the report of the UK Royal 
Commission on Environmental Pollution points out, the basic gas turbine  

has been the dominant form of aircraft engine for some 50 years and there is no 
 serious suggestion that this will change in the foreseeable future.275

Our assessment is shared by, amongst others, the House of Lords’ European 
Union Committee. In its 2006 report, Including the Aviation Sector in the 
European Union Emissions Trading Scheme, the Committee considered 
research and development in air transport technology as an inadequate option to 
achieving the policy objective of reducing carbon emissions, but nevertheless 
worth pursuing (together with other options such as “raising awareness of air 
transport users”).276 Expressing its support for the conclusions of the European 
Commission, the Committee stated that:  

[i]n its impact assessment, the [European] Commission details the significant 
sums of money that have been devoted to the research and development of new 
technological and operational solutions to reduce aircraft emissions. Any 
resulting advances are likely to have a long lead time and thus the Commission 
judges this option as worth pursuing but unlikely to produce sufficiently urgent 
results for it to be the primary instrument for dealing with the climate impact of 
aviation.277

It is also clear that alternative jet fuels - while also worth pursuing - will not 
provide an industry-wide solution to the carbon emissions problem, for the 
reasons as outlined at section 4.2(b) above. Even if existing “significant technical 
and logistical hurdles”278 can be overcome, biofuels can only in the foreseeable 
future “play some role in commercial aviation supplies.”279
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4.3 Develop more efficient operational practices and call for more 
efficient air traffic management systems and processes 

An additional airline strategy to reduce emissions is to develop more efficient air 
transport operational practices.280 Sir Richard Branson at the 2006 Clinton Global 
Initiative called for more efficient aircraft movements at airports, including the 
creation of “starting grids” for all aircraft departures, widespread adoption of 
“continuous descent” approaches by air traffic control authorities, and a reduction 
in aircraft weight.281 Sir Richard stated that such measures would save over 150 
million tones of carbon emissions a year. If airlines, airports, air traffic controllers 
and governments “seize these initiatives and ensure they’re all implemented 
within two years … up to 25% of the world’s aviation emissions can be cut.”282

IATA, too, has called for optimised air traffic control (ATC) procedures, stating 
that “infrastructure and operations must be part of the [emissions] solution.”283 Its 
“industry-wide strategy to address climate change” calls upon “governments, 
airports and air navigation service providers to put their full weight behind further 
infrastructure improvements which could yield fuel efficiency benefits of up to 
12% worldwide.”284 In a speech to a Civil Air Navigation Services Organisation 
conference, in February, 2007, IATA’s Director-General and CEO said that 

You will all be aware that our industry is taking a beating in the environmental 
debate. Our critics may have lost perspective. Exaggerating our role in climate 
change … The UN’s Intergovernmental Panel on Climate Change (IPCC) 
estimates  that there is 12% inefficiency in Air Traffic Management globally. That 
12% translates into up to 73 million tones of CO2 emissions and nearly US$13.5 
billion in unnecessary fuel costs. Every minute of flying time that we can save. 
Reduces fuel consumption by about 62 litres. And CO2 emissions by 160 
kilograms.285

In 2007, another airline trade association, the Air Transport Association of 
America, also called for new air traffic management systems as a way to achieve 
improvement in environmental performance.286 The May, 2007 Eurocontrol 
Performance Review Commission calls for more efficiency from air traffic 
management by 2010, and fewer carbon emissions; “[a]ircraft flying in European 
airspace last year poured thousands of tonnes of global warming carbon dioxide 
into the sky unnecessarily just because of air traffic management inefficiency.”287

In terms of government initiatives, the 21 APEC economies in March, 2007 
agreed to work cooperatively on operational air traffic management systems and 
processes to reduce aviation GHG emissions.288

While we support such operational practices -  and support improving air 
transport technology and infrastructure – they cannot be relied on, by 
themselves, to solve the emissions problem in the foreseeable future, to provide 
a complete, industry-wide solution (despite IATA’s CEO stating that, “[b]y 
optimising approach and departure procedures we have a solution”289). For 
example, the IPCC estimated that  
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improvements in air traffic management (ATM) and other operational procedures 
could reduce aviation fuel burn by between 8 and 18%. The large majority (6 to 
12%) of these reductions comes from ATM improvements which it is anticipated 
will be fully implemented in the next 20 years … The rate of introduction of 
improved ATM will depend on the implementation of the essential institutional 
arrangements at an international level.290

As a means of reducing carbon emissions, the House of Lords considers 
improving air traffic management and operations research and development as 
having the same utility as improving air transport technology and infrastructure.291

Most recently, researchers have concluded that 

[i]mplications of … [airport and passenger] growth for carbon dioxide emissions 
and climate change are far reaching. Technological improvements in engine 
performance,  airframe design and air traffic management are unlikely to offer 
reductions in emissions per seat kilometer flown for the global fleet of more than 
1.4% per annum292 … However, even with very conservative [UK] Government 
and industry projections of aviation growth,293 such improvements still leave a 
1.2-2.8% increase in emissions from the aviation industry each year.294

_____________________________ 

With regard to improvements in air transport technology, alternative jet fuels, 
development of more efficient operational practices and air traffic management 
systems and processes, our conclusions reflect those of the IPCC in May, 2007: 

Medium term mitigation potential for CO2 emissions from the aviation sector can 
come from improved fuel efficiency, which can be achieved through a variety of 
means, including technology, operations and air traffic management. However, 
such improvements are expected to only partially offset the growth of aviation 
emissions. Total mitigation potential in the sector would also need to account for 
non-CO2 climate impacts of aviation emissions.295

In our view, development of alternative jet fuels and aircraft technological 
developments, together with the development of more efficient operational 
practices and more efficient air traffic management systems and processes, 
should form part of a sustainable industry solution to dealing with the climate 
impacts of aviation. We set out in detail below what that sustainable solution 
could look like. 
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4.4 Support an emissions trading scheme or schemes 

(a) Emissions trading schemes generally: “The core of any future international 
 agreement to combat climate change?”296

 Although improvements in aircraft and engine technology and in the 
efficiency of the air traffic system will bring environmental benefits, these 
will not fully offset the effects of the increased emissions resulting from the 
projected growth in aviation. Policy options to reduce emissions further 
include more stringent aircraft engine emissions regulations, removal of 
subsidies and incentives that have negative environmental consequences, 
market-based options such as environmental levies (charges and taxes) 
and emissions trading … 

- IPCC, Aviation and the Global Atmosphere297

(i)  Emissions trading schemes - an overview

For an international agreement to combat climate change to be sustainable in the 
long term it must: 

deliver greenhouse gas reductions successfully and efficiently;  

be compatible with different countries’ varying political landscapes; and 

be economically sound in order to survive the vicissitudes of the global 
economic market. 

Any policy response to climate change must therefore take these factors into 
account. Emissions trading is one such response which has been adopted by a 
number of countries around the world in the fight to reduce emissions.298 Other 
policy responses, such as taxes, are generally seen as less flexible with higher 
compliance costs than emissions trading.299 The primary advantages of 
emissions trading over other policy options are “dependability and the [market-
based system’s] potential to minimise the costs of achieving a given level of 
greenhouse gas abatement.”300

(ii) Emissions trading – what is it?

Generally, emission trading schemes involve the use of emission permits or 
credits, issued by governments, which can be traded amongst participants and 
acquitted to cover emissions. Emissions trading utilises broad-based market 
mechanisms, through supply and demand, to create a price for emissions. By 
placing a price signal on emissions, emitters are incentivised to take action to 
reduce their emissions either by purchasing emissions units from other 
participants under the scheme or investing in abatement activities such as 
carbon sequestration or low emissions technologies. Trading schemes also allow 
for the development of financial instruments to manage risk, thereby creating 
more certainty in the market.301
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Cap-and-trade emissions trading schemes are commonly used as they assure 
environmental outcomes by setting a total cap on the absolute quantity of 
emissions over a defined period. Participants in a cap-and-trade scheme must 
obtain sufficient tradeable units to compensate for their emissions. Under this 
type of scheme the regulatory authority allocates a certain number of tradable 
units to each participant based on their capacity output or some other 
quantitative measure. Participants with difficulty in remaining below their 
allocated emission limit then have a choice between taking measures to reduce 
their emissions (such as investing in more efficient technology or using less 
carbon-intensive energy sources) or buying extra allowances, whichever is most 
cost-effective for the participant.302 Participants can therefore make independent 
economic decisions regarding lowest-cost abatement opportunities which are 
suitable to their business needs. It is very likely that the core of any future 
international agreement to combat climate change will exist in the form of a 
global emissions trading scheme. 

(iii) The European Union Emissions Trading Scheme

The Kyoto Protocol303 to the United Nations Framework Convention on Climate 
Change (UNFCCC)304 (adopted in December, 1997) addresses global climate 
change by placing quantifiable obligations upon sovereign States to decrease 
their levels of greenhouse gas emissions.305 The Kyoto Protocol (Kyoto) also 
forms the basis of the world’s first and largest multi-country, multi-sector 
Greenhouse Gas emissions trading program - the European Union Emissions 
Trading Scheme (EU ETS). The EU ETS began operation on 1 January, 2005 
and has paved the way for the development of trading schemes around the 
world. It should be noted, however, that the EU ETS operates independently of 
Kyoto’s entry into force. Kyoto was negotiated between governments imposing 
emissions targets on countries; the EU ETS is a scheme aimed at targeted 
installations (mandatory participants under the scheme), based on the EU 
Directive and national legislation.306 Kyoto provides a basic legal and operational 
framework for participating countries to integrate compatible domestic emission 
trading schemes with each other to create a larger market.  

The main feature of the EU ETS is the development of a broad-based market for 
the trading of carbon emissions and the use of market forces to create a price for 
carbon based on supply and demand. Implementation of the EU ETS constitutes 
effective policy, based on economic rationality and sound business, in order to 
achieve the EU’s commitment to reduce emissions under multilateral agreements 
such as Kyoto. 

The EU ETS covers six key industrial sectors and imposes caps on emissions of 
carbon dioxide (CO2) from installations.307 These include energy activities, 
production and processing of ferrous metals, mineral industry production and 
other activities. While aviation activities are not presently captured by the EU 
ETS, the EC proposes to include aviation in the EU ETS in two phases from 
2011 and 2012 (see section 4.4(b) below).  
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At the heart of the EU ETS is the common trading “currency” of emission 
allowances (EUAs). One EUA equals the right to emit “one tonne of carbon 
dioxide equivalent during the specified period.”308 This transferable allowance 
facilitates the trading element of emission trading. The EU ETS consists of a 
“warm-up” phase from 2005-2007 and then successive 5-year periods, with the 
second phase from 2008-2012 coinciding with the Kyoto Protocol 
commencement period. 

Under the scheme a fixed amount of EUAs are allocated by the National 
Allocation Plans (NAPs). These allowance allocations provide the legal right to 
emit. The total of all allowances allocated under the NAPs represent the total cap 
on emissions and is therefore a cap-and-trade scheme. Scarcity, being the “cap” 
or “limit” on the total number of allowances, creates the limited supply needed for 
a market to emerge309.

Under Kyoto, Joint Implementation (JI) enables EU ETS installations to invest in 
emission reduction projects (for the benefit of the environment) and credit this 
saving towards their own emission targets310 (JI projects yield credits known as 
“emission reduction units” or ERUs). Clean Development Mechanisms (CDMs) 
operate in the same way as JI; here, projects in countries without an emission 
target under the Protocol are covered311 (CDM credits are called “certified 
emission reductions” or CERs). The EU scheme is the first in the world that 
recognises these credits as equivalent to EU ETS emission allowances (1 EUA = 
1 CER = 1 ERU) and allows them to be traded under the scheme. 

The EU ETS was specifically designed to be compatible with emissions trading 
as envisaged under Article 17 of Kyoto. This compatibility allows participating 
entities in domestic emissions trading programmes under the Directive to use 
credits generated by the other compatible emission mechanisms to offset 
reduction obligations under the EU ETS.  

__________________________ 

Compatibility with Kyoto mechanisms and the generation of linkages between 
domestic and international trading schemes not only increases the range of 
options available for participants in schemes to meet emission targets but also 
improves the liquidity and depth of the market (thus reducing compliance costs) 
in the rapidly emerging global market for emissions trading.  

(b) Aviation emissions trading schemes

A number of regulatory mechanisms are available to governments to deal with 
the climate impacts of international aviation – for example, taxes, charges and 
emissions trading (emissions trading schemes were described above).312 A 
number of difficulties attend the imposition of taxes and charges,313 thus - in part 
– the recent focus of attention on aviation emissions trading. Such focus has 
been given impetus by the European Commission’s (EC) proposed legislation to 
include aviation in the EU ETS. The EC’s December, 2006 proposal314 is briefly 
outlined below, together with ICAO guidance on and support for aviation 
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emissions trading in general. Such examination, together with other material, 
also reveals some of the difficulties that exist with aviation emissions trading 
schemes – whether “closed” or “open,” regional or global. 

As previously stated, the EU ETS,315 a cap-and-trade system, commenced 
operation in January, 2005. It is the world’s largest multi-country, multi-sector 
ETS, and the first international trading system for CO2 emissions in the world,316

covering all 25 EU Member States.317 The aim of the EU ETS is to assist EU 
Member States achieve compliance with their commitments under the Kyoto 
Protocol. It comprises “over 11.500 energy-intensive installations across the EU, 
which represent close to half of Europe’s emissions of CO2.”318

Aviation will be included in two phases under the EC’s legislative proposal:319

From 2011, emissions from flights within the EU will be covered (flights which 
depart from and arrive at an EU airport) and, from 2012, all international flights 
that arrive at or depart from EU airports. Thus, from 2012, the second year of 
operation, both EU and non-EU (ie foreign) aircraft operators are captured. The 
European Parliament’s response to the EC’s legislative proposal has been to call 
for the legislation to go further.320

Like taxes and charges, there are also problems associated with emissions 
trading schemes, specifically aviation ones;321 Hardeman322 notes in particular 
“the delineation of State jurisdiction with regard to the application of trading rules 
and emissions reductions obligations.”323 After looking at the nature of obligations 
under emissions trading, the point at which the emissions reduction obligation is 
applied, and jurisdiction over emissions sources and aircraft operators,324 he 
determines – relevantly with regard to any inclusion of aviation in the EU ETS – 
that: 

including international aviation in the EU ETS could interfere with the 
sovereignty of other States or with ICAO’s jurisdiction over the high seas; 

doubts exists as to whether the EU could include emissions from 
international aviation in the EU ETS without the mutual agreement of third
States with regard to emissions occurring or originating outside the territory
of parties to the EU ETS; 325

“it would seem legally possible for the EU to include in the EU ETS the 
emissions occurring within the combined airspace of EU Member States 
from all flights, regardless of the nationality of the operator;”326 and 

including emissions occurring in the airspace of third States linked to 
flights departing from within the EU in the EU ETS would require the 
agreement of those States.327

Disagreement on aviation emissions trading exists between States - just as it 
does between airlines328 - and particularly between the EU and the US329 (EU-US 
disagreement also has existed on a range of other international aviation issues 
such as liberalisation of international air services agreements or “open skies” – 



 44

which also has implications for inclusion of aviation in the EU ETS and airline 
emissions generally330). The EU proposal is opposed by the United States; the 
US government and US airlines 

have protested more vehemently than any other region against Europe’s trading 
plan. They … would prefer what is a global problem to be tackled at the world 
level through ICAO,331 and are threatening legal action [on the basis that a 
regional scheme with  purported application to non-regional airlines may violate 
the Chicago Convention]332 if  the EC tries to impose carbon trading on US 
carriers.333

For John Byerly, inclusion of aviation in the EU ETS “is the antithesis of a global 
solution to what is a global problem. Europe can do what it wants with its own 
carriers [but the wider plan] is permissible only on the basis of mutual consent of 
the relevant foreign governments.”334

With regard to such a “global solution,” Article 2.2 of the Kyoto Protocol provides 
that Annex I parties “shall pursue limitation or reduction of emissions of 
greenhouse gases … from aviation … working through the International Civil 
Aviation Organization [ICAO] …;”335 ICAO has been considering aviation 
emissions post-Kyoto. An article in the ICAO Journal in 1999 concluded that 
emissions trading appeared to be an effective policy tool for solving air pollution 
problems,336 and in a 2004 article in the journal, reporting results of a study 
carried out for ICAO, emissions trading was characterized as “an effective means 
of reaching environmental objectives while minimizing the financial burdens on 
the participants.”337

At its last regular session in 2004, the ICAO Assembly endorsed338 “the further 
development of an open emissions trading system for international civil aviation 
and requested the Council of ICAO to provide further guidance to States for its 
implementation.”339  This resolution followed a similar 2001 resolution calling for 
continuing work on guidelines for an open emissions trading scheme for 
international aviation. Progress overall has clearly been slow.340 Indeed for the 
EU and others – as evidenced by the EU’s December, 2006 legislative proposal 
– the ICAO process is moving too slowly and causes “frustration and tension.”341

ICAO’s Committee on Aviation Environmental Protection (CAEP) met in 
February, 2007 and provided the following guidance to ICAO’s 189 Member 
States, “for incorporating international aviation emissions into their emissions 
trading schemes, consistent with the United Nations Framework Convention on 
Climate Change process,”342 to be considered at the ICAO Assembly meeting in 
September, 2007:343

aircraft operators should be the accountable international aviation entity 
for purposes of emissions trading; 

obligations should be based upon total aggregated emissions from all 
covered flights performed by each aircraft operator included in the 
emissions trading scheme; 



54 

in applying an inclusion threshold, States should consider aggregate air 
transport activity344 and/or aircraft weight as the basis for inclusion; 

States should start with an emissions trading scheme that includes CO2

alone;

the IPCC definition of international and domestic emissions should be 
applied by States for the purpose of accounting for greenhouse gas 
emissions as applied to civil aviation; 

States will need to put in place an accounting arrangement that ensures 
that emissions from international aviation are counted separately and not 
against the specific reduction targets that States may have under the 
Kyoto Protocol; and 

with regard to trading units, States will need to consider economic 
efficiency, environmental integrity and equity and competitiveness when 
making a choice. 345

No guidance or comment was provided by CAEP on the geographic scope of any 
future aviation-inclusive ETS (see discussion of the proposed EU aviation-
inclusive ETS above).346 IATA welcomed the ICAO guidance.347

(c) Strategies: Support a cap-and-trade ETS

The EC proposes to include aviation in the EU ETS in two phases, from 2011 
and 2012, as set out above,348 thus creating the first aviation-inclusive ETS. In 
considering the financial impact of extending the EU ETS to aviation, IATA 
estimates that an open cap-and-trade scheme would increase average fares for 
intra-EU flights by 1.2 to 2.6%,349  and would increase average fares for extra-EU 
flights by 2.2 to 4.6%350 351  The 
effect of this on the demand for air travel depends on price elasticity. Although 
there are estimates of elasticity of demand in the region of – 1. 5 - 0.7 it is difficult 
to attach much weight to these figures in a situation where there may be 
significant changes in wealth, income and leisure over the next few decades.352

IATA estimates a reduction in passenger return trips of between 1.8% - 3.9% in 
2012 from what they would have been without an ETS;353 the European 
Commission provides similar figures, and states that “the associated costs per 
ticket are likely to be modest.”354 Both IATA and the EC agree that the effect on 
the growth of passenger numbers and profitability would be small.  

Neither study addresses the question of the effects of competition and the 
potential detrimental consequences for the consumer or the issues of equity that 
arise from any distribution of allowances free of charge.355

The advantages of cap-and-trade ETS are well known. A market encourages the 
most efficient reduction of carbon emissions across the economy by giving those 
with the lowest cost reductions an incentive to produce the cuts and sell these on 
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to any firm with a higher cost of reduction – thus, cuts are only made by those 
with the lowest cost of reduction.     

The problem with an ETS is that, with more than 27,000 new aircraft being 
delivered over the next 20 years, with the number of air travelers doubling over 
the same period to 9 billion,356 and with a concomitant increase in emissions,357 it 
may not have the capacity to solve the emissions problem. Some idea of the 
dimension and seriousness of this problem is provided with reference to just two 
indicative reports considered earlier in this paper. These reports found358 - 
relevantly, and in summary – as follows: 

absent action to significantly reduce aviation growth, emissions from 
aviation will outstrip carbon reductions envisaged for all other economy 
sectors359 - thus, with reference to both the UK and the EU, there is “a 
looming problem in the skies;”360

the EU 25’s aviation sector takes up almost 40% of the total permissible 
emissions for all sectors in 2050 (the 550ppmv regime) and as much as 
80% (the 450ppmv regime).361 The projections “highlight … the conflict 
between a contracting carbon target and the EU’s expanding aviation 
industry;”362

“[research results] show that a significant portion of annual emissions 
budget will be attributable to the aviation industry for the aggregated EU 
125 nations, as is also the case when separated into the original EU 15 
nations, the 10 new accession states and looking at the UK alone. If the 
aviation industry is allowed to grow at rates even lower than those being 
experienced today, the EU could see aviation accounting for between 39% 
and 79% of its total carbon budget by 2050, depending on the stabilisation 
level chosen. For the UK, the respective figures are between 50% and 
100%;363 and 

“[u]plifted EU aviation emissions alone would exceed the 550ppmv 
contraction and convergence target for the EU by 2050, leaving no 
emissions space for any other sectors. Even by 2030, application of the 
2.7 uplift factor shows aircraft taking 34% of the EU carbon allowance 
under the 550ppmv regime and 50% for the 450 ppmv regime. As it 
appears unlikely that any alternative to kerosene as an aviation fuel will be 
in widespread use by 2030, permitting these emissions would require 
either major changes to EU energy supply and consumption or a 
commensurate purchase of emissions credits from elsewhere in the world 
... [On the analysis presented here] all of the other sectors of the economy 
must significantly decarbonise to allow the aviation industry to grow and to 
continue to use kerosene up to 2050.”364

This suggests that IATA and the EC  may have understated the problems facing 
the airline industry. If an ETS was industry specific it would not work. If it were 
part of a larger scheme it would result in massive crowding out of allowances for 
other industries.365 The only possible consequence of this would be for the price 
of carbon to rise until an equilibrium was reached with the amount of air traffic 
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significantly lower than the growth projections, and perhaps significantly lower 
than current levels.  This again depends on such things as wealth distribution 
and demand elasticities. 

This may not be a tenable situation. It would create a position where the aviation 
industry was significantly increasing the costs to producers of non-aviation goods 
such as power, food and other forms of transport. 

If it is assumed that a new entrant to the industry will not be entitled to an 
allowance, this creates a second problem, Essentially, the carbon emission 
entitlement is a free gift of a good that belongs to the public to an incumbent set 
of aircraft operators, and indirectly to the relatively small portion of the world’s 
population that uses air transport. This has a number of unattractive 
consequences. One is that it discourages competitors entering the transport field, 
even with better technology, because of the start up costs of having to buy 
carbon credits from existing participants. Another is that it raises genuine ethical 
issues about the distribution of resources. Apart from any moral issues there is a 
political issue. Even if the discussion is restricted to rich countries, it is difficult to 
see, for example, how the less wealthy, other industries and those that do not 
use air travel can be persuaded that it is acceptable for them to have to pay more 
for heating or foodstuffs so that the wealthy can continue to “consume” air 
transport.   

A third problem with cap-and-trade is that it is likely to produce jump 
discontinuities at the threshold which creates problems for financial planning. If, 
as might be expected, the cap forces down carbon emissions, and there is a 
price differential between the allowance under the cap and purchases outside the 
cap, airlines would be faced with an upward spike in price per unit. This price 
may well prove to be difficult to predict.  It will also place disproportionate weight 
on decisions at the margin which may lead to a suboptimal use of fixed 
resources.366   

(d) Strategies: Support a cap-and-trade ETS with closed purchase of 
emissions allowance

Under a closed system, aircraft operators would be required to purchase the 
initial allowance, with the amount purchased determined by a baseline. This 
overcomes problems of equity but leaves the baseline problem and the problem 
of new entrants unsolved (as discussed above in section 4.4 (c)). 

(e) Strategies: Support a cap-and-trade ETS with open purchase of an 
industry allowance

Under an open scheme, the aviation industry would be given an allowance; 
individual aircraft operators, however, would have to bid for their share. This 
would provide some scope for new entrants. However, under this type of scheme 
new entrants would be competing for shares of a fixed quantity, possibly resulting 
in bidding wars and price spikes. In addition, it is possible that an aircraft 
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operator with sufficient resources could gain control of a large share of the 
available credits.  This could result in strategic interaction and instability: for 
example, one operator may attempt to buy sufficient credits to force other 
operators to reduce their activities with the result that others may attempt to take 
actions to protect their position.  One result could be that the market price 
fluctuates wildly and independently of transport need. 

No matter the form or design of any ETS, it is clear to us that any scheme will 
have the effect of forcing prices to rise.367

4.5 Support mandatory emissions offsets: The emissions offset market  

[B]uying carbon offsets isn’t an exercise in guilt. It’s smart economics … 
That offsets are smart economics may be central to slowing carbon 
accumulation in the  atmosphere. 

- Gregg Easterbrook, The New York Times (2007)368

Offsets designate the emission reductions from project-based activities that can 
be used to meet the objectives of corporations369 with regard to greenhouse gas 
mitigation;370 a corporation avoids or reduces GHG emissions in one place so as 
to offset such emissions occurring in another place. Offsets may also be 
considered an indirect form of emissions trading; an offset may be indirect and 
part of an activity not associated with the original core activity of the offsetting 
industry.

GHG emissions, unlike “conventional pollutants” 

mix well in the atmosphere and can travel around the planet quickly. As a result,  
 it doesn’t really matter from the standpoint of global warming mitigation where a 
 reduction takes place … Offsets are intended to take advantage of the radically 
 different costs and practicalities of achieving GHG emission reductions by sector 
 and geography.371

Offsets are generated from projects that avoid, reduce or absorb GHGs. 
Kollmuss and Bowell categorise most (carbon) offset projects in which 
corporations invest as broadly falling into three main categories - renewable 
energy, energy efficiency and sequestration projects372 - and they also identify 
examples of projects not falling easily into those categories such as flaring of 
landfill gas and the reduction of emissions from industrial processes (projects 
that reduce non-CO2 emissions).373 Technologies that can be used in offset 
projects include renewable energy, energy efficiency, gas recovery or destruction 
and fuel switching – technologies which avoid GHGs – and technologies which 
sequester374 or absorb GHGs (for example, carbon dioxide) such as biological 
sinks.375 Late last year Ecosystem Marketplace and Business for Social 
Responsibility in their Offsetting Emissions listed 11 types of common GHG 
emissions offset projects in the US and globally.376
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Offsetting is a basic principle of Kyoto.377 As set out earlier in this paper,378 Kyoto 
requires that Annex 1 countries379 that have ratified the protocol to reduce their 
“carbon” emissions, as measured in six GHGs,380 by an average of 5.2% in the 
period 2008-2012 as against 1990 (baseline) emissions.381

Three Kyoto “flexibility mechanisms,” namely the Kyoto Mechanisms, can be 
used by Annex 1 countries (or Annex 1 parties) to fulfill their Kyoto obligations 
through emissions trading.382 These mechanisms are Joint Implementation (JI),383

Clean Development Mechanism (CDM)384 and trading of Assigned Amount Units 
(AAUs). These mechanisms provide for either (a) project-based (CDM and JI); or 
(b) allowance-based (AAUs) transactions, and were referred to earlier in section 
4.4(a).  

With regard to project-based transactions, both CDM and JI are based on 
financing of projects by Annex 1 countries which result in net reduction of GHG 
emissions in developing countries (CDM) and Annex 1 countries (JI). Projects 
receive, or produce, emissions credits which can be used by developed countries 
to comply with their Kyoto emissions targets. Such project-based emissions 
reductions must be additional to what would have happened in the absence of 
the project taking place. Put another way, reductions must be additional to those 
that otherwise would occur. “Additionality” is the core concept of offset projects - 
“the integrity of project-based credits relies on the reduction of GHG emissions 
beyond what would have occurred in a business-as-usual scenario”385 - and there 
are a number of difficulties associated with it, including additionality testing (there 
is no single test). 386 The Executive Board of the CDM has issued guidelines so 
that project additionality can be assessed.387

With regard to allowance-based transactions, Kyoto establishes a cap-and-trade 
system under which Annex 1 countries, based on their emissions reduction 
targets, are allocated allowances (AAUs); AAUs are exchanged through 
emissions trading.388

Kyoto, then, sets legally-binding emissions targets on developed nations that 
have ratified the protocol, and the Kyoto flexibility mechanisms389 provide for 
emissions trading, incorporating both project-based and allowance-based 
transactions; offsetting is a Kyoto principle. It is a treaty-based, “compliance” or 
regulatory market. The EU ETS, a cap-and-trade scheme, is a primary 
instrument by which EU Member States can achieve compliance with their Kyoto 
commitments.390 Non-Kyoto markets also exist which establish legally-binding 
emission reduction targets for participants; such markets include the Chicago 
Climate Exchange (CCX)391 (in which participants voluntarily agree to such 
binding targets) and the New South Wales Greenhouse Gas Reduction 
Scheme,392 a mandatory greenhouse gas emissions trading scheme for individual 
electricity retailers and certain other parties who buy or sell electricity in New 
South Wales, Australia. These three are the leading formal carbon markets. 

In addition to Kyoto and legally-binding non-Kyoto markets, a voluntary 
emissions offset market exists. Most offsets are bought in this market.393

Corporations (and individuals) purchase offsets from offset companies; 
“[c]ompanies from HSBC to Google to DuPont are increasingly engaging with 
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carbon offsets.”394  Corporations purchasing offsets in this market choose to do 
so to address their climate impacts, to meet self-imposed reduction targets. 
Offset companies use funds received to implement and then run projects that, as 
noted earlier, avoid, reduce or absorb GHGs. 

This offset market is growing. The Economist puts it as follows: “As anxiety about 
climate change grows, the business of selling emissions offsets is increasing 
along with it.”395 In the past three years, the UK’s main non-compliance offset 
providers have grown more than 60%.396  More dramatically, reports show that 
the voluntary carbon market surged 1000% over the past two years.397 The World 
Bank states that the voluntary market for reductions grew to an estimated USD 
100 million in 2006 and that  

[s]ome of the more optimistic estimates for the size of the voluntary market by 
2010  are as high as 400 MtCO2e (or almost as high as the CDM market is 
today) … Earlier this year, US analyst Trexler398 estimated that US demand alone 
for offsets under the voluntary market could almost double annually from today to 
250 MtCO2e by 2011. While such numbers may be hard to imagine today when 
the voluntary retail segment accounted for only about 20 MtCO2e in 2006, such a 
future is certainly possible.399

Further, 

according to industry figures, this voluntary carbon market has already prevented 
or sequestered hundreds of millions of pounds of carbon dioxide emissions. And 
the field is exploding. Two of the world's largest power companies, General 
Electric and AES Corporation, just announced plans to create 10 million tons of 
greenhouse gas offsets by 2010 to sell to commercial and industrial 
customers.400

The carbon market as a whole in 2006 grew to an estimated value of USD 30 
billion, three times more than in 2005,401 with reports that it could reach USD 2 
trillion by 2012.402

In part as a result of such growth, some problems exist in this offset market. 403

No universal standard exists, for example, to evaluate, monitor and verify404 or 
determine the quality of marketed carbon offsets or emissions offset projects 
(offset companies can, of course, choose to operate within the Kyoto Protocol, in 
which case emissions reductions are verified under a clear regulatory framework; 
a Certified Emission Reduction is a unit of GHG emission reductions issued 
pursuant to Kyoto’s CDM, measured in metric tons of carbon dioxide equivalent, 
or CO2e, and an Emission Reduction Unit is a unit of emission reductions issued 
pursuant to Kyoto’s JI). Rather, there are a number of standards, protocols and 
methods of verification; the Carbon Trust, for example, lists seven main offset 
standards405 and Kollmuss and Bowell, five.406 Ecosystem Marketplace and 
Business for Social Responsibility lists six recommended decision criteria against 
certain categories for evaluating offset projects;407 Clean Air-Cool Planet lists ten 
offset project quality characteristics.408 In a study of voluntary offsets for air-travel 
carbon emissions, the quality of an offset company’s project portfolio is 
demonstrated by additionality, avoidance of double accounting, a realistically 
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calculated baseline and emissions reduction projection, and an accounting for 
leakage. The project must also be permanent.409

It is clear to us that, as a result of recent and emerging developments with regard 
to the emissions offset market, these issues are clearly being dealt with, and that 
corporations410 can examine recent, complementary standards and anticipate 
emerging standards and regulations whilst preparing to participate in such 
market. The GHG Protocol for Project Accounting is a recent accounting tool for 
quantifying the greenhouse gas benefits of climate change mitigation projects. 411

Together with the GHG Protocol Corporate Standard, which sets out standards 
and provides guidance for corporations and other organisations which are 
preparing a GHG emissions inventory,412 they form the GHG Protocol Initiative 
“toward a common standard for business reporting on greenhouse gas 
emissions,”413 the result of collaboration between the World Business Council for 
Sustainable Development and the World Resources Institute.  

The ISO 14064 standard for GHG accounting and verification, launched in 2006, 
provides a global solution  

to the problems posed by the fact that governments, business corporations and 
voluntary initiatives were using a number of approaches to account for 
organization - and project-level GHG emissions and removals with no generally 
accepted validation or verification protocols.414

The standard, in three parts,415 sets out clear and verifiable specifications for 
organisations and proponents of GHG emission reduction projects and has the 
following benefits:  

promotes consistency, transparency and credibility in GHG quantification, 
monitoring, reporting and verification;  

enables organizations to identify and manage GHG-related liabilities, 
assets and risks;  

facilitates the trade of GHG allowances or credits, and  

supports the design, development and implementation of comparable and 
consistent GHG schemes or programmes.416

In outline, it provides requirements for organisations, and individuals, to quantify 
and verify GHG emissions. The ISO 14064 process principles are regime 
neutrality, technical rigour, extensive participation and speed-to-market.417

And the ISO’s 14065 standard, released in April, 2007,418 sets out accreditation 
requirements for organisations that either verify or validate GHG emission claims 
or assertions; the aim of such verification or validation “is to give confidence to 
parties that rely upon a GHG assertion or claim, for example regulators or 
investors, that the bodies providing the declarations are competent to do so, and 
have systems in place to manage impartiality and to provide the required level of 
assurance on a consistent basis.”419
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Taken together, the ISO 14064 and 14065 standards “develop flexible, regime-
neutral tools for use in voluntary or regulatory GHG schemes; promote and 
harmonize best practice; support the environmental integrity of GHG assertions; 
assist organizations to manage GHG-related opportunities and risks, and support 
the development of GHG programmes and markets.”420

Building on the work of the ISO (specifically ISO 14064) are two complementary 
standards - the Voluntary Carbon Standard (VCS) and the Voluntary Gold 
Standard (VGS)421 - the former to be launched in mid-2007422 and the latter 
launched in 2006. The VGS423 follows the Gold Standard424 (the standards of 
which are higher than those of the CDM) and deals with smaller projects not 
CDM registered. The VCS, the work of the International Emissions Trading 
Association (IETA), The Climate Group and the World Economic Forum,  

seeks to provide a credible but simple set of criteria that will provide integrity to 
the voluntary carbon market ... The Voluntary Carbon Standard is a robust 
standard for the measurement and recognition of verified emission reductions 
created for voluntary use by  corporations, organizations and individuals. The 
VCS is designed to be a global benchmark standard for project-based voluntary 
emission reductions that provides a  degree of standardization to the voluntary 
carbon market …425

Finally, from June, 2007 a new standard for verified emissions reductions 
(VERs),426 TUV SUD corporation’s “Blue Registry,” will be available.427 It is a 
transparent certification database which “allows management of climate-change 
projects which are carried out under a simplified procedure outside the Kyoto 
Protocol. It [will] serve … as a contact point for project owners and parties 
purchasing or trading with emission credits.”428

__________________________ 

Notwithstanding the issues outlined above, “carbon offsetting makes sense.”429

Mandatory purchase of offsets for some specified proportion of emissions 
provides scope for new airline entrants and creates a stable market with some 
long term predictability compared to participation in an emissions trading 
scheme. The market for offsets also has the advantage of efficiency claimed for 
trading allowances since it encourages the least cost producers to provide – or, 
in this case, manufacture – the required offset. In some ways it has scope for 
greater flexibilities and overall efficiencies, as mentioned, as it is not constrained 
to be industry specific. Unlike a market for a fixed quantity of emissions, the 
market for offsets provides more room for orderly expansion (again, compared to 
participation in an aviation ETS).  

Further, as the price of offsets increases with demand it is reasonable to 
anticipate development of more sophisticated projects and a mix of such projects 
flowing from funds invested as a result of offsets purchased. It is reasonable to 
expect that mandatory airline participation in an emissions offset market or 
markets would promote innovation and technological solutions to the aviation 
climate change problem; carbon offsets “do have their place in spurring 
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innovation,”430 and offset firms “have prospered because they are able to produce 
emissions reductions more cheaply, and often more imaginatively, than those 
that are bound up in the red tape of the Kyoto process.”431 Moreover, 

[t]he most promising impact of carbon markets has been its impact on innovation 
as smart capital takes an early, long-term bet on the quickly growing emerging 
market for environmentally-oriented investment. A key indicator of interest in 
aligned and closely related fields is the record US$70.9 billion in clean 
technology investments in 2006,432 with major investments (and announcements) 
from well-known investment banks.433

Airline participation in an emissions offset market would encourage investment in 
and the development of new technology and new solutions as one part of a 
comprehensive climate strategy. Moreover, the nature of such mandatory 
participation, and the global industry involved, would give additional impetus to 
developments presently underway with regard to technologies which avoid, 
reduce or absorb GHG emissions - all matters of vital importance to the airline 
industry.434

The World Bank reports that  

[t]he enormity of the climate challenge … will require a profound transformation, 
including in those sectors that “cap-and-trade” markets cannot easily reach. 
These include  making public and private investments in research and 
development for new technology development and diffusion ...435

The emissions offset market can reach those sectors.  

It is our position that airlines should seriously consider supporting mandatory 
emissions offsets – mandatory participation in an emissions offset market – as 
part of a sustainable solution to dealing with the climate impacts of aviation. This 
solution should also comprise technological, operational and management 
elements which, we suggest, should also form part of a long-term strategy 
package. It does not preclude participation in an emissions trading scheme. 

This strategy has not, as yet, been considered by airlines. 

A sustainable solution to the aviation GHG emissions problem must involve 
airline action and adaptation. As Bill McKibben and Aaron Clark note, carbon 
offsets “will only represent a sustainable solution if joined by improvements in 
technology and significant, international political action.”436

    
4.6 As a preliminary step, introduce an airline default – or opt-out - 

passenger emissions offset scheme 

One way in which airlines could begin to incorporate offsetting into any more 
inclusive strategy would be to introduce it as an airline default – or opt-out – 
passenger emissions offset scheme. This would allow airlines to take action in 
the immediate future, thus absorbing demands that they address the climate 
costs of aviation in a least cost manner. It would also provide airlines with much-
needed information as to public/ passenger sensibilities concerning the climate 



 54

impacts of aviation and environmental charges (broadly defined) ahead of 
mandatory emissions offsets. 

In outline, under this scheme, a distinct and separate surcharge for the full 
carbon cost of the flight would be made or levied in addition to the cost of the 
fare. Each passenger could clearly choose to pay any proportion of this 
surcharge. If no action is taken by the passenger to waive some proportion it 
remains at 100%. The details of the scheme would be completely transparent, 
and would be brought to the attention of the potential passenger at various 
points, or stages, in the booking/ ticket purchasing process; its terms would be 
made clear to those purchasing tickets at a point in time when they can make a 
meaningful decision. Further, formal acknowledgement would be made that a 
prospective purchaser has been informed, understands and accepts the 
surcharge (or a specified portion of it). 

This is different from present schemes under which individuals can seek to buy 
offsets through or from some airlines437 or third parties on a variable or ad hoc 
basis. Part of the difference is psychological.  Studies show that there is a 
significant difference in presentation of options; most people choose the default 
setting. An opt-out carbon offset scheme would demand a conscious decision.  

Such a scheme might also be expected to cause the travelling public to be more 
aware of the potential climate impacts of air travel, although such awareness has 
increased and is increasing dramatically. Why is public awareness a benefit to 
airlines? It appears to us that airlines would be well served with educated 
passengers (in terms of the potential climate impacts of air travel) that are treated 
as partners and that understand the airlines’ position.       

Our proposal – our proposed preliminary step for airlines with regard to 
emissions offsets - has the following properties: 

Flexible: The scheme could start, for example, with the possibility of a 
100% waiver.  As, or if, it became necessary for an airline or airlines to 
increase contributions to the carbon costs of air travel, the existing 
systems would allow a seamless and gradual increase to any desired 
level. It also, of course, precludes neither devotion of resources to improve 
air transport technology and infrastructure nor development of more 
efficient air transport operational practices. Indeed, its flexibility and 
simplicity are such that it is easy to replace.  

It also reinforces the need to deal with the aviation emissions problem 
through several mechanisms. It does not, of course, prevent airlines from 
simultaneously devoting effort to such mechanisms. 

Informative: What airlines presently lack is information on the sensibility of 
the public to offsets. This scheme would provide feedback on this issue 
and also on issues of the environmental price sensitivity of demand. 

Efficient: Not only would the scheme be relatively inexpensive for an 
airline to run, it would build in all the usual gains from efficiency.  An airline 
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that can devise ways to cut its total emissions per passenger will be in a 
position to offer cheaper carbon offsets than its rivals. 

Responsible: It seems clear that airlines will be increasingly held 
responsible for the social costs of their actions.  This initiative gives 
airlines a simple and workable means of accepting this responsibility 
before any decision is forced on them and provides a lead-in or a step 
prior to mandatory emissions offsets. It affords an opportunity for airlines 
to get out ahead. 

Fair: Finally, any scheme for altering air travel should be seen to be fair. 
As things presently stand those who travel least are implicitly subsidising 
those who travel most.  An equitable balance of costs can only be reached 
through some sort of user pays scheme. It might be claimed that an 
increase in costs gives the wealthier members of society privileged 
access. While correct, this concern is misplaced.  It is well established in 
economic thought that problems of inequality should be solved directly, 
and not through indirect transfers. 

Such a scheme as we propose is simple for airlines to implement with minimal 
delays and cost. It would not present any first mover disadvantages; the 
emissions cost is set out separately from the price of the fare. In fact, we believe 
that this proposal may present a first mover airline with distinct advantages and 
opportunities.  Not only would it be doing something positive, it would be seen to 
be doing something positive. This may have the effect of generating more 
support from private and business travelers. 

_________________ 

There are a number of other issues relating to an airline default – or opt-out – 
passenger emissions offset scheme which are not considered in this paper. Such 
issues include implementation strategies, the operation of the scheme, specific 
offset arrangements and ensuring an appropriate means of guaranteeing 
purchasers that the scheme provides full offsets in a cost-effective manner. They 
also include legal and taxation matters as well as the operation of a default offset 
scheme in the context of successive carriage, interlining and code-sharing. 

These issues have been considered in detail but are not included here as they 
fall outside the immediate scope of this paper. They are more fully laid out in a 
forthcoming paper which provides more definitive conclusions than those 
contained here. 
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4.7 Introduce taxes and charges 

The aircraft emissions problem might also be addressed in part by introducing 
taxes, charges438 or duties.439 To be effective these instruments would need to be 
at a rate which, for example, reduces passenger numbers and demand for air 
travel sufficiently to overcome the industry growth problems discussed in this 
paper. It appears that the most efficient method of introducing taxes would be to 
link them directly to emissions by placing the burden on fuel consumed. Such 
fuel taxes would be consistent with offsetting, and they would provide airlines 
with certainty. They would not, however, represent a complete solution. Further, 
a number of problems attend the taxation of fuel for international air services, 
which is exempt under the Chicago Convention440 and the majority of bilateral air 
services agreements. 

Analysis of taxes and charges – given their unique nature and particular 
problems – will be considered in a subsequent paper.  
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5. Summary: Sustainable, long-term solutions for airlines

A broad-based consensus within the scientific community indicates that it 
is time for audacious goals and action. 

- Business for Social Responsibility, 
A Three-Pronged Approach to Corporate Climate Strategy441

This paper has examined the risks posed by climate change, the climate impacts 
of aviation and the unique challenges faced by airlines in dealing with their 
greenhouse gas emissions problem. After an assessment of possible airline 
strategies for dealing with the climate impacts of aviation – including the 
problems of including aviation in emissions trading schemes – we conclude that 
airlines should seriously consider supporting mandatory emissions offsets as part
of a long-term, forward-looking strategy package and a sustainable solution to 
deal with the aviation emissions problem. Further, it is our view that airlines 
should not wait for but should move ahead of governments; airlines should steer 
the process of change to build a cleaner sky. It makes economic sense for 
airlines to adopt a proactive stance towards the risks and uncertainties presented 
by climate change. 
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