
Background
Aircraft engines emit carbon dioxide
(CO2), water vapor (H2O) and nitro-
gen oxides (NOx) as well as soot and
sulfate particles. These gaseous emis-
sions from aviation are believed to
contribute to global warming.
Whereas CO2 and H2O are considered
as greenhouse gases and have a direct
climate impact, aircraft NOx emissi-
ons were found to alter the atmosphe-
re‘s methane and ozone concentrations
and may have an indirect climate
impact. Furthermore, particulate emis-
sions from aircraft engines may trigger
the formation of contrails and cirrus
clouds, which are also believed to con-
tribute to global warming. In the pre-
sent regulatory framework, internatio-
nal aviation is not subject to the green-
house gas limitations of the Kyoto
Protocol. While newly certified
aircraft engines have to comply with
NOx standards set by ICAO CAEP
(the Council’s Committee on Aviation
Environmental Protection), there are
no limits regarding CO2 or NOx emis-
sions of the aviation sector as a whole.
Both NOx standards and NOx-related
airport charges recently introduced at
some European airports are mainly
aimed at improving local air quality,
although it is perceived that these
instruments also have a positive
impact on reducing NOx emissions
during cruise.  

Aviation’s influen-
ce on global war-
ming is likely to
grow as the demand
for air transport ser-
vices is expected to
increase by 5 per-
cent per year in the
short and medium
term. Technological
progress in the
fields of aircraft
and engine techno-
logy may help to
reduce specific fuel
consumption and
emissions, but
these achievements
are likely to be out-
paced by the gro-
wth rates just men-
tioned. The European Commission
fears that emissions from aviation
may compensate reductions of CO2
gained from other sources, with res-
pect to CO2. As a consequence, avia-
tion is meant to be included in the
European emission trading scheme
(EU-ETS), which is currently limited
to stationary sources. The emission
trading scheme on the European level
aims at realizing the Kyoto goal of an
eight percent reduction of greenhouse
gas emissions below 1990 levels, in
addition to reduction activities on the
national level. 

A given number of emission allowan-
ces is allocated to the operators of
power plants and of energy intensive
industries in the existing emission tra-
ding scheme of the European Union.
The allocation is mostly free of charge.
About 11,500 installations are partici-
pating in the current EU emission tra-
ding system. Each allowance entitles
the owner to emit 1,000 kg of CO2 per
year. The total number of allowances
allocated to an operator for a certain
period of time corresponds to the cap
set for the respective installations. A
monitoring of allocated allowances
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and actual emissions for each installa-
tion has to be carried out each year.
The total number of allocated allowan-
ces per installation must not be excee-
ded. However, allowances can be
purchased and freely traded on the
allowances market. At the end of the
day, allowances will be kept by the
owners of those installations where
CO2 reduction will be very costly.
Emissions reduction measures will be
carried out by the owners of those
installations where the reduction
activities will be most cost-effective. 

The European Commission’s
Proposal 
The European Commission’s proposal
for a directive, as it was published in
December 2006, contains the follo-
wing provisions for the inclusion of
aviation into the existing emission tra-
ding scheme: 

Aircraft operators will be obliged to
hold and surrender allowances for CO2
emissions. 

Allowances are required for flights by
aircraft with a maximum take-off mass
above 5,700 kg. Flights performed under
visual flight rules, training and check
flights, flights by state aircraft and res-
cue flights (amongst other exemptions)
are excluded from the scheme.

Regulations for emission monitoring
and reporting will take effect in 2010,
while an emission cap for all aircraft
operators will be introduced in 2011.

The emission trading scheme will
cover intra-European flights from
January 2011. From January 2012,
however, the system will cover all

flights departing from or arriving at EU
airports. Domestic flights will be sub-
ject to the same rules as international
air traffic. 

From 2012, the European emission tra-
ding scheme will not only affect
European airlines, but also airlines
from third countries like the USA or
developing countries. Taking into
account that neither the USA nor the
developing countries ratified the Kyoto
protocol (or any other international
treaty on climate protection), this is
indeed remarkable. The European
Commission justified this approach by
stating that a distortion of competition
in the international airline industry
needs to be avoided to the most possi-
ble extent. If any non-EU country
introduced alternative measures with
similar climate protecting effects, the
geographical scope of the emission tra-
ding scheme could be modified in such
a way that flights arriving from or
departing to this particular country are
excluded from the scheme.

Further rules in the Commission‘s pro-
posal include the following issues:

The total number of allowances alloca-
ted to aircraft operators will be calcula-
ted on the basis of the average total
emissions reported for the years 2004-
2006 by the operators taking part in the
scheme. 

Initially, allowances will be allocated
to aircraft operators mostly free of
charge. The method of allocating allo-
wances will be harmonized within the
European Union, in contrast to the
existing scheme for stationary instal-
lations. In the past, member states

could allocate allo-
wances to operators of
stationary sources,
mostly at their own
discretion. This some-
times led to a generous
supply of allowances,
as governments were
inclined to avoid com-
petitive disadvantages
for their industries.
However, from an eco-
logical perspective, this
regime reduced incenti-
ves to mitigate green-
house gas emissions.

The total number of allowances alloca-
ted to each aircraft operator will be
determined by a benchmark, which is
the average specific emissions of the
operator in the past. The reference of the
benchmark is the operator’s revenue
ton-kilometers that are calculated by
multiplying the mission distance (great-
circle-distance) by the payload transpor-
ted (cargo, mail and passengers). 

Allowances allocated to aircraft opera-
tors will be valid within the aviation
sector only. However, it will be possi-
ble to purchase additional permits from
other sectors or from the project based
Kyoto instruments ’Joint Implemen-
tation’ and ’Clean Development
Mechanism’. 

While the current proposal is dealing
with CO2 emissions only, the
European Commission is currently
looking at additional regulations in
order to limit aviation’s NOx emissions
in the EU in the future. 

Research Methodology
The economic impact of the inclusion
of aviation in the European emissions
trading scheme is an important issue
for both passengers and airlines. In the
following, impacts on ticket prices and
cargo rates will be estimated, and con-
clusions on the potential impact on
competition between airlines and bet-
ween hubs will be drawn taking into
account exemplary missions for short-
and long-haul flights. Our calculations
are based on the assumption that
opportunity costs of allowances alloca-
ted for free and acquisition costs for
additionally needed allowances will be
fully and evenly passed onto cargo and
passenger demand. In reality, however,
the effects will depend to a large extent
on the individual airlines’ cost-shifting
strategies. It is thus reasonable to assu-
me that the full and direct shift of
opportunity costs will not be possible
in several markets due to high intensi-
ty of competition, while a disproportio-
nate shift could be realized in markets
with less intense competition. 
Mission fuel consumption and CO2
emissions were calculated using a DLR-
developed aircraft performance tool
based on the EUROCONTROL Base of
Aircraft Data (BADA). Cruise altitudes
of 30,000 ft for short-haul flights and
37,000 ft for long-haul missions were
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assumed. In case of the Lufthansa mis-
sion from Frankfurt to Singapore, a step
climb from 33,000 ft to 37,000 ft was
performed during the cruise segment.
Furthermore, typical reserve fuel poli-
cies as applied by major airlines were
considered in order to calculate the
actual take-off mass for each mission.
Seat-load factors were derived from the
official German air transport statistics.
A price of € 20 per ton of carbon dioxi-
de was assumed, in order to determine
the value of emission allowances both
allocated for free and required to be
purchased by the airlines.

Impacts on Ticket Prices, Cargo
Rates and the Demand for Air
Travel
Table 1 (see page 5) shows the poten-
tial economic effects for typical short-
haul flights. Exemplarily, a Lufthansa
flight from Frankfurt to London-
Heathrow and a Ryanair flight from
Hahn to London-Stansted were selec-
ted as representative short-haul missi-
ons. The results of our calculations
indicate that the economic impacts
for passengers and shippers of cargo
are relatively moderate, in general.
The financial burden due to the ETS
amounts to about € 1.57 per
passenger and flight segment on
the route from Frankfurt to
London-Heathrow. Shippers of
cargo would be affected by a
cargo rate increase of less than €
0.02 per kg. Ryanair’s ticket
prices may increase by € 1.14 per
passenger and flight segment for the
route from Hahn to London-Stansted.
The comparably lower figure for the
Ryanair flight results (among other
factors) from a higher seat-load factor
and shorter mission distance compa-
red to the Lufthansa flight. All costs
associated with the emissions trading
scheme have to be borne by the pas-
sengers, as Ryanair doesn’t provide
cargo transport.  

For the long-haul flights presented in
table 2 (see page 5), a price increase
of a good € 20 would occur for the
route Frankfurt – Singapore and of
about € 8.20 for the route Frankfurt –
Dubai, both on a per-passenger, per-
segment base. Cargo rates would
increase by 0.14 € for Frankfurt –
Singapore and € 0.06 for Frankfurt –
Dubai, respectively.

For an estimation of the impacts on air
travel demand, economic science
offers the concept of price elasticity of
demand, which points out the relative
change in demand in response to a rela-
tive change in prices. A synoptic study
by Gillen et al. came to the conclusion
that the price elasticity for short-haul
leisure demand is on average -1.52.
This means that demand will be redu-
ced by 1.52 per cent if prices increase
by 1 per cent. The values found by
Gillen et al. for the price elasticity of
short-haul business demand are -0.7,
for long-haul leisure demand -1.04 and
for long-haul business demand -0.265,
respectively. Taking into account the
absolute fare increase from tables 1
and 2 and combining these results with
the average fares paid for air travel and
the percentages of business and leisure
travelers, the resulting demand reduc-
tion can be determined. For our calcu-
lations, the average fares were derived
from the annual reports of the respec-
tive airlines while the percentage of
business and leisure travelers were
obtained from recent air passenger sur-
veys. The total demand reduction for
the short-haul flights analyzed herein
would amount to between 1.28 und

3.41 per cent, while for both long-haul
flights the reduction would be slightly
higher than 2 per cent. However, it
must be noted from real-world experi-
ence, that the fuel surcharges levied by
almost all airlines in recent years did
not keep aviation from growing more
than 5 per cent annually. Other factors
leading to an increase of ticket prices,
such as the UK air passenger duty or
the French development aid levy did
not significantly reduce the growth
rates of air transport in these countries.  

The total economic impact for airlines
depends to a great extent on the amo-
unt of emission allowances distributed
free of charge initially. Estimates by
the authors show that the total value of
allowances may amount to € 400 milli-
on for Lufthansa and € 270 million for
Ryanair in 2012, depending on the
actual growth rates and prices for emis-

sion allowances. However, it can be
expected that the lion’s share of allo-
wances will be allocated for free.
Therefore, we expect that the actual
expenditure for buying required allo-
wances exceeding the free allocation
quota will account only for a fraction
of the presented values. This is in con-
trast to the financial burden placed on
airlines due to the recent fuel price
increases. Lufthansa alone had to
cope with an increase in expenses for
fuel of about € 800 million in 2005,
compared to 2004.

Impacts on Competition between
Airlines and between Airports
The analysis presented in table 2 (see
page 5) allows for conclusions on com-
petition impacts between airlines and
between airports within and outside of
the European Union. The ticket price
for a round trip on non-stop flights bet-
ween Frankfurt and Singapore would
increase by about € 40, provided the
airline is able to shift opportunity and
acquisition costs fully onto the passen-
ger. On a round trip to Singapore via
Dubai, the increase in fares would amo-
unt to slightly more than € 16, much
less than the € 40 calculated for a trip

on direct non-stop flights.
This difference can be
explained by the fact that,
in the second case, only
roughly half of the flight
distance is subject to the
EU-ETS. It can be expec-

ted that such effects could have an
influence on the airline choice of price-
sensitive passengers. Even stronger
price differences are likely to occur for
intercontinental transfer passengers,
traveling, for instance, between the
Americas and Africa or Asia via
European hubs. On a trip, for example,
from the United States to India via a
hub in the European Union, all flight
segments would be subject to the EU-
ETS. This may result in a price increa-
se of up to € 60 due to the ETS, while
the same trip via any non-EU hub
would be free of any ETS-related costs.
At the end of the day, this could lead to
a competitive advantage for carriers on
the Arabian Peninsula, serving cities as
far as New York, Houston, Toronto or
Sao Paulo with non-stop flights and
offering connections via their hubs in
Abu Dhabi or Dubai to a large number
of destinations in Asia and Africa.
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The total economic impact for air-
lines depends to a great extent on
the amount of emission allowances
distributed free of charge initially.



Another unsettled problem may arise
from countries like Switzerland, which
is, on the one hand, not a member of
the European Union and therefore not
participating in the EU-ETS for statio-
nary sources, but, on the other hand,
almost fully integrated into the EU air
transport market with regards to safety
regulations or market access.
Furthermore, its central geographical
position in Europe may result in com-
petitive advantages for Swiss airlines
in case Switzerland will not participate
in the EU-ETS for aviation. This also
applies, to a lesser extent, to Norway.
The examples just mentioned show
that it will be difficult to include avia-
tion into the EU-ETS without causing
any competitive distortions for EU-
based airlines and hubs. Competitive
distortions can only be avoided com-
pletely by introducing a global emissi-
on trading scheme for aviation.
However, given the recent develop-
ments within the International Civil
Aviation Organization ICAO, any
short-term implementation of such a
system must be regarded as unlikely. It
seems to be difficult in aviation, as in
other fields of politics, to find a global
consensus within the framework of the
United Nations.

Conclusion
According to the European Commis-
sion’s political will, international avia-
tion could be subject to climate-protec-
ting political measures for the first
time. Aviation’s contribution to the total
anthropogenic greenhouse gas emissi-
ons may be comparably small at the
moment, but the expected growth rates
of the air transport sector will most

likely lead to an increase of
aviation emissions in the
future. The proposed inclu-
sion in the emissions trading
scheme will very likely not
restrain aviation industry’s
growth, given the possibility
to purchase CO2 allowances
from other sectors, where
emission reduction measu-
res may be more cost-effec-
tive. 

A number of political and
legal questions need to be
resolved, before the
European Commission’s

proposal can be implemented political-
ly. One of the most urgent matters in
this respect is whether the proposal
conforms to international law. The pro-
posed directive may lead to a new dis-
pute with the USA on air transport
policy, from the authors’ perspective.
According to our model-based estima-
tions, additional costs for airlines and
passengers are likely to be moderate, in
general., The implementation of the
proposal would, however, have a nega-
tive impact on the competitiveness of
EU airlines and airports on some rou-
tes. Therefore, additional research
needs to address the impacts on net-
work development in more detail, as
well as effects on competition between
different types of airline business
models (low cost, full service network,
holiday and regional airlines).
Questions regarding compatibility with
international law, besides economic
aspects, offer a broad scope for future
research in the legal domain.
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Photo 3: Jet blast of a ‘burning’ engine in the sun. Photo
by Erwin van Dijck
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Table Section
Table 1: Examples for potential effects of the EU-ETS on short-haul flights

Table 2: Examples for potential effects of the EU-ETS on long-haul flights

Table 3: Potential demand impacts on selected flights
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