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AVIATION IN A 2 DEGREE WORLD

Despite contributing around 3% of global carbon emissions1, the aviation sector has 
managed to escape carbon regulations. It was omitted from the global agreement to 
limit temperature rises to two degrees over preindustrial levels, reached in Paris last 
year, on the expectation that the industry would form an ambitious voluntary plan. 

October 2016 will be crunch time; the industry is expected to put forward its 
commitments, coordinated by the International Civil Aviation Organization (ICAO). 
If those commitments are not ambitious enough, or perceived to lack credible 
governance, national or regional regulators are likely to intervene, forcing faster 
change than most of the industry is prepared for, or financially able to adapt to. 

Over the past few years, ICAO and IATA (International Air Transport Association) have 
been active on the climate change front, and drafted a series of measures in 
response. IATA has outlined a long term goal to achieve “a reduction in net aviation 
CO2 emissions of 50% by 2050, relative to 2005 levels.” Details of how this will be 
achieved are less clear. 

Halving Greenhouse Gas (GHG) emissions against a backdrop of 3–5% annual 
demand growth will be difficult. It implies an approximate 80–90% reduction in 
emissions intensity through 2050. Extending the goals the ICAO targets for 2009–
2020 (delivery of which are now relatively well assured) through 2050 implies fleet 
renewals, operational improvements, infrastructure investments, technology advances 
and biofuel use could collectively contribute around half of the required emissions 
reduction. Extending near term goals in this way is optimistic; several industry and 
technical analyses indicate that the rules of manufacturing, physics and gravity could 
limit potential for efficiency gains before those assumptions are met.

The challenge facing the industry is therefore daunting. Halving emissions will mean 
heavy reliance on offset mechanisms. Although these can optically allow any industry 
to close a gap between reduction targets and tangible steps, they clearly cannot be 
used in every part of the economy and regulatory pressure is likely to push harder on 
practical change instead.

Most players in the sector, from aircraft manufacturers to airliners and airport 
operators, have made pledges to contribute to a steep reduction in emissions. They 
generally favour a global voluntary approach over regional regulatory schemes, such 
as the European Union’s Emissions Trading Scheme. Delivering change on the scale 
implied by global climate commitments will mean a more fundamental rethink of 
business models than the incremental benefits efficiency gains and operational 
optimisation have delivered. Regulatory pressures are likely to intensify if voluntary 
progress is too slow. While more radical changes are likely to be needed in the 
longer term, companies that have started earlier – for instance by investing in more 
efficient fleet, maintaining higher load factors or optimising routes – will be better 
able to maintain financial flexibility as pressures intensify.

1  Figures for the aviation industry’s contribution to global greenhouse gas emissions vary, with most estimates in the 
3–6% range, principally depending whether emissions volumes are considered at face value or whether adjustments 
are made for their warming potential, which is high given emissions at altitude have a greater impact on the 
greenhouse effect.
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A GLOBAL VOLUNTARY 
COMMITMENT

The aviation sector faces a crunch. Demand is growing quickly, yet it is under 
pressure to cut greenhouse gas emissions dramatically. Technical limits to efficiency 
improvements are likely to make those two goals incompatible without a major 
technological breakthrough or significant change in business models. With global 
leaders’ commitment to emissions reductions strengthening, the industry is 
increasingly likely to look very different several decades from now. With shallow 
financial reserves and long development times, those companies that are already 
further along that path will be in stronger positions to adapt. 

The aviation sector did not feature in the global climate change agreement signed in 
Paris last December, to the disappointment of many environmental campaigners. 
Despite significant contribution to global greenhouse gas emissions, the industry 
successfully argued that a voluntary approach developed and overseen by the 
industry – under the stewardship of the International Civil Aviation Organization 
(ICAO) – would be preferable to regional or national regulatory frameworks which 
would introduce significant distortions between operators.

The European Union has already warned that an ICAO failure to reach an agreement 
on carbon emissions reduction at its general assembly meeting in October 2016 
would trigger further regulatory scrutiny and a potential re-inclusion of international 
flights within the Emissions Trading Scheme (ETS). In 2014, through a ‘stop the 
clock’ agreement, the ETS for aviation only covered flights operated within the 
European Economic Area (EEA), thereby giving ICAO a mandate to self-regulate and 
develop an international voluntary response to rising emissions from air travel. 

If a sufficiently ambitious voluntary commitment is not forthcoming in October, we 
think it likely that long-haul flights will be brought back into the EU ETS and that 
regulators in other regions will take steps to include the industry in local initiatives. 
That move would have a significant impact on the industry’s thin profit margins. 
Applying a price of $10/t – the approximate level on major trading schemes – to the 
industry’ carbon emissions represents an increment cost equal to about 10% of 
average net income over the last five years. A more concerted political effort to 
reduce CO2 emissions will likely require a far higher carbon price, and 
commensurately bigger impact on cost structures and profitability. At $70/t – a 
realistic medium term price for carbon if efforts are made to incentivise behavioural 
change – the additional cost burden would equate the global industry’s entire net 
margin. While some of this impact would be offset through price increases, the net 
impact on the industry and the impact on relative profitability of different carriers 
would be significant. 

While the most obvious impacts are on European carriers (or those with a significant 
exposure to routes into Europe) where an emissions trading scheme is already well 
established, moves to create similar schemes in other countries would likely result in 
impacts across the global industry. For instance, in January 2016, China’s National 
Development and Reform Commission (NDRC) published a list of eight sectors to be 
covered by its national carbon market when it launches in 2017, including aviation. 

The pressure is therefore on the aviation industry to demonstrate an ambitious plan 
and pathway to aggressive emissions reductions that reflect the global goal to limit 
temperature rises to two degrees, agreed in Paris last year. 

While those goals are very long term (typically 2050), the next few years represent 
the crunch time for the industry. It needs to demonstrate a credible plan to delivering 
reductions commensurate with two degree temperature rises or face being brought 
under regional and international regulation for the first time, with significant cost and 
competitive advantage implications.
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MAPPING THE  
INDUSTRY’S OPTIONS

Agreeing a credible plan will be difficult; the challenge is significant. Limiting 
temperature rises to two degrees will require an approximate 60% reduction in global 
GHG emissions through 2050. Combined with 3–4% annual passenger growth, 
delivering reductions in line with that global target will mean a fall in the aviation 
industry’s carbon intensity of 80–90% over the next 35 years. 

To date, the industry has outlined some specific targets – which fall well short of the 
required ambition – and some vague ambitions which line up with long term climate goals. 

The industry has set a number of environmental performance goals, in  
declining specificity: 

 – The ICAO has agreed a target to improve global annual average fuel efficiency 
improvement by 2% pa until 2020, with an aspirational intention to maintain that 
2% annual rate from 2021 to 2050 

 – The ICAO has resolved to “to strive to achieve a collective medium term global 
aspirational goal of keeping the global net carbon emissions from international 
aviation from 2020 at the same level…”

 – IATA has adopted a target to reduce net aviation CO2 emissions by 50% through 
2050, relative to 2005 levels.

The last of these approximates to the level of ambition that will likely be required to 
comfort policy makers that the industry can play a proportionate role in reducing 
emissions in line with global climate commitments. Unfortunately, we struggle to see 
how it can be met without very heavy reliance on carbon offsets (buying credits that 
reflect investments to reduce emissions in another area of the economy) which it is 
questionable will be an acceptable solution. 

To put the scale of change implied in context, the chart below compares (i) the 
absolute level of GHG emissions assuming an increase in line with 3% annual 
demand growth (slightly below the long term 4% growth rate IATA forecasts) and (ii) 
the reduction needed to achieve the halving in emissions relative to 2005 levels the 
IATA targets and that would put the industry on a path consistent with the 
commitments made in Paris last year.

Aviation industry’s unabated GHG emissions trajectory vs level implied by IATA goals
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The gulf between the two is significant and meeting the latter will require a dramatic 
change in the recent rising trajectory of industry emissions. 

Examining how that gap can be bridged, the chart below shows the potential 
contributions of actions the industry is hoping to take. We have erred on the side of 
optimism throughout. The efficiency improvements reflect the industry’s stated goal 
to improve fuel efficiency by 2% annually through the period. Biofuel targets are 
based on the UK government’s assessment of the largest amount of biofuel that 
could potentially be available for the industry. Other gains extrapolate the industry’s 
efforts to optimise routes and air traffic control during 2009–20 over the subsequent 
decades, whereas further gains are likely to become incrementally harder in all of 
these areas.

Estimated potential contributions to bridging the gap from likely 2050 business-as-usual 
emissions to targets for that year
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Source: ICAO, Manchester Universe (CATE), UK Government Committee on Climate Change, Schroders estimates, 
as at 31 July 2016.

Around 60% of the reduction needed to meet that goal is unexplained by practical 
changes we’ve identified the industry could make. The industry has proposed closing 
that gap using offset mechanisms (buying credits that represent investments to 
reduce emissions in other areas of the economy). While a potentially useful way for 
individual companies to achieve net reductions, it’s doubtful that the solution would 
be acceptable to policy makers for an entire industry, particularly at this scale. The 
volume of offsets required by this analysis equates to more than twice the global 
volume of offsets currently created annually.

Underscoring the ambition already baked into those goals, 2% annual fuel efficiency 
improvements will require a step change in technology. Over the last five decades, 
fuel efficiency has improved by around 1% annually. ICAO targets imply sustained 
gains at twice that pace, despite the slowing pace of improvement in each of the last 
three decades. Physicists at Manchester University have estimated that the laws of 
gravity may limit fuel efficiencies to 50% from current levels, equating to 2% annual 
reductions over the next 35 years and implying that every ounce of efficiency will be 
wrung out of the industry by 2050. Please see chart below.
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Average fuel burn for new jet aircraft (indexed)
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Source: ICCT, as at 31 July 2016.

It looks likely to us that either the industry will need to persuade policy makers to 
allow a far higher reliance on offsets or prepare for more radical changes in  
its industry. 

The implications for the industry fall in two stages in our view. In the near-medium 
term, regulatory and competitive pressures to reduce emissions will benefit those 
carriers that have moved earlier to improve operational carbon efficiencies, which are 
less exposure to new regulation introduction and which are more exposed to 
emerging regions where regulations are likely to be less onerous, at least initially. 
However, after perhaps a decade in which efficiency improvements and strategic 
repositioning can maintain competitiveness, the industry may face a more existential 
need to rethink its business models and the services it delivers, which there are few 
signs any major carrier has yet begun to seriously contemplate. 
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NEAR-MEDIUM TERM 
ADJUSTMENTS

Over the next decade or so, our analysis suggests airlines will face growing voluntary 
or regulatory pressures to improve carbon efficiencies. How voluntary targets will be 
enforced is unclear, but some penalty for those companies that fall short will be 
needed. If pushed into economy-wide emissions trading schemes, those companies 
will face a clear market-based price on the emissions they generate. 

Either way, the costs of emitting carbon will rise as a result. With margins thin, the 
effects on carriers’ competitive positions will be significant. Most companies have 
taken steps to improve the fuel (and therefore carbon) efficiencies of their fleets  
and operations. 

The most important drivers of fuel and carbon efficiencies are beyond the scope of 
airlines’ operating practices. Strategic questions – including investment in new fleet, 
route choices and support for new technologies – require extensive co-ordination. As 
a result, changes in companies’ emissions intensities are typically slow, requiring fleet 
renewal or strategic shifts in regional focus. 

We have assessed major airlines across six objective dimensions of performance, 
which we believe collectively provide a rounded view of their readiness to adapt to 
emerging climate headwinds. 

Average carbon efficiency of airline fleets (2010–2015)
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Carbon emissions per revenue-passenger-kilometre (rpmk) (or revenue-tonne-
kilometre for cargo operations) measure emissions relative to the most basic unit of 
activity and are commonly used to benchmark airlines’ current carbon intensities and 
progress over time. To a large extent, this measure reflects the efforts airlines have 
made in other dimensions. 

The carbon efficiency data of a sample of large airlines shows an improving trend for 
most companies. 

Low-cost carrier easyJet shows the lowest figure for the past five-year period, 
whereas Cathay Pacific and Japan Airlines are at the other end of the spectrum.

The stocks and sectors mentioned are for illustrative purposes only and are not a recommendation to buy or sell. 
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Exposure to emerging markets provides both a growth tailwind, allowing 
companies to reposition their fleet and routes more easily than mature companies,  
as well as typically less stringent climate legislation in emerging economies   
than developed2.   

Age of fleet & fleet renewal programmes are the most importance determinants 
of fuel efficiency. Fuel costs have represented 25–35% of industry operating costs 
over the last decade, making this a key priority for airlines when selecting new planes 
and aerospace companies when developing them. Airbus expects its latest A320neo 
model to deliver a 20% improvement in fuel efficiency, with Boeing claiming similar 
benefits from its most recent aircraft. While those gains are significant, insofar as it 
can take around a decade to develop a new plane, the annual rate of improvement is 
slower. Being younger and typically faster-growing, low-cost carriers tend to have 
newer and more efficient fleets than flag carriers. 

Load factors determine to extent to which planes are used to their maximum 
available capacity and therefore maximising revenue for a particular level of fuel use 
and carbon emissions. 

Flight portfolio and routes determine the extent to which companies fly in and out 
of ‘regulated’ regions, where they may face a higher cost burdens as penalties for 
carbon emissions are introduced.

The strength of climate change strategies will determine the degree of ambition 
and commitment airlines have to reshape their business towards alternative business 
models and technologies, such as easyJet’s hydrogen power unit or IAG’s waste-to-
fuel pilot projects.

2  This is a source of tension at the international level between developing countries with fast growing aviation sectors 
(like China or India) and countries with a mature aviation market; the former would like to be allowed to emit more 
and continue to grow, but the latter fear competitive disadvantage (Source: http://www.airportwatch.org.uk/eu-
emissions-trading-scheme/eu-ets-news-stories/).
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Overall 
rank

Company 
name

Emerging 
markets 
(% revenue)

Average 
of fleet 
(yrs)

% of 
revenues in 
domestic 
region

Load 
factor

Carbon 
efficiency
gCO2/rpk

Comments

1 easyJet 2% 4 100% 93% 82 easyJet's efficient business 
model means that the airline has 
a continued focus on reducing 
emissions and fuel burn for each 
aircraft. It has a young, efficient 
fleet which features advanced 
technology and is flown efficiently.

2 IAG 34% 11.1 27% 81% 98.2 Several elements of IAG and its 
subsidiaries' long-term strategy 
are influenced by climate change 
considerations.

3 Air France

KLM

13% 10.4 18% 85% 86.7 The climate change issue has 
influenced the AF-KLM strategy 
since the 1990's. The risk 
assessment process, including 
environmental risks, is integrated 
in the Group's strategy. The 
'Climate Action Plan' is the Group's 
environmental strategic plan.

4 American 
Airlines

18% 11.2 65% 80% 119.1 Many critical company decisions, 
including aircraft acquisition, 
aircraft modifications, and other 
investments, are made based 
largely on their impact to fuel use 
and associated GHG emissions.

5 Japan 
Airlines

18% 11.2 39% 72% 138.7 The JAL Group is fully aware 
of its responsibility to the 
global environment. We have 
therefore placed control of 
our environmental impact and 
protection of the environment 
as core themes of our business 
operations.'

6 Lufthansa 9% 12.4 29% 81% 96.5 The Lufthansa Group has set 
itself ambitious goals for climate 
and environmental responsibility. 
A four pillar model for climate 
protection was developed in 
cooperation with other airlines.

7 Cathay 
Pacific

69% 13 6% 86% 148 As part of our ongoing work on 
overall risk management process, 
we have been specifically 
identifying issues and events 
related to climate change that 
could influence our long term 
business strategy.

Source: Company reports and Schroders analysis. Data is most recent available, as at 31 July 2016.

The stocks and sectors mentioned are for illustrative purposes only and are not a recommendation to buy or sell.
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LONGER TERM 
TRANSFORMATIONS

Incremental efficiency improvements and repositioning of exposures should mitigate 
pressures over the next 5–10 years and afford a competitive edge to those 
companies that have moved earlier to invest in fleet renewal, shift business models or 
whose geographic exposures will cushion them from the most stringent regulation. 

Beyond that timeframe, more fundamental changes in business models will be 
needed. At a stretch, efficiency efforts may be enough to hold industry emissions 
close to flat as demand grows but cutting total emissions will be far harder. 

Biofuel technologies – which many aerospace Original Equipment Manufactures 
(OEMs) as well as airlines are exploring – are likely to grow substantially. Investment is 
expensive; it will cost industry players (suppliers, intermediaries and end customers) 
approximately $25 billion to develop a viable alternative to traditional jet fuel. Levels of 
biofuel investments are also dependent on oil prices. For example, IAG stopped a 
joint project to produce jet biofuel from waste on that basis. A study by Booz & 
Company in collaboration with the World Economic Forum predicts that by 2050, 
13.6 million barrels of sustainable second-generation biofuels will be necessary, 
replacing around 90% of kerosene use while reducing net carbon emissions by 90%3. 
Whether that volume of biofuel use is feasible given available land and pressures on 
its use for food product is uncertain and although biofuels have been discussed in the 
industry for many years, take-up has been extremely slow outside localised initiatives. 

The investment in, and optimisation of, aviation infrastructure is equally costly, and 
perhaps more difficult to achieve, since it is typically implemented by regulatory 
authorities. The European Organisation for the Safety of Air Navigation (Eurocontrol) 
has estimated that, within Europe during 2007, the actual flight distance flown per 
aircraft was about 50 kilometres longer than the optimum distance. With the rise in 
traffic and a more congested European sky, this ‘lost’ distance is likely to have 
increased over time. Eurocontrol further estimate that a reduction in 4 kilometres per 
flight would result in cost savings of approximately 200 to 250 million per annum, and 
an annual reduction in CO2 emissions of approximately 120,000 tonnes. The ‘Single 
European Sky’ is a project run by the European Union, whose main objective is to 
optimise air traffic management and reduce the overall economic cost of airspace 
fragmentation, which is estimated at $4 billion per year4. Europe is not the only region 
where the optimisation of air traffic management could reap substantial benefits for 
the aviation industry. Research conducted by Airbus in 2012 shows that the benefits 
of modernising the air traffic system in all major regions are substantial. The estimated 
savings include 5 million hours of excess flight time per year (based on 30 million 
flights per year), $1.5 billion globally per year if every flight was a minute shorter,  
9 million tonnes of fuel per year and 28 million tonnes of CO2 emissions per year. 
Significantly more international coordination between air control organisations will  
be needed. 

The industry’s own projections call for heavy use of carbon offsets (investments in 
projects designed to reduce emissions outside the aviation industry). Using offsets as 
a “plug” to match required targets with achievable changes is unlikely to provide an 
acceptable long term solution, when required emissions reductions will be so 
significant that using offsets to shift burdens from one sector to another will not be 
feasible. Instead, more dramatic changes in business models or technologies will be 
needed, beyond the limits of anything currently envisaged as realistic possibilities by  
most companies. 

3  Other sectors are likely to compete with aviation for biomass feedstock and it is unclear whether sufficient land 
and water will be available for growth of biofuels feedstocks given the need to grow food for a global population 
projected to increase from the current 6.7 billion to around 9.1 billion in 2050. Given these concerns, not prudent to 
plan for high levels of biofuels penetration (Source: CCC, 2009). Biofuels also produce approximately the same  
non-CO2 climate changing effects, such as NOx and contrails, as kerosene.

4  Source: http://ec.europa.eu/transport/modes/air/single_european_sky/index_en.htm; Revolutionising air traffic 
management, 2012, p. 9.
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Almost a decade ago, Air France announced it was in talks with Veolia to merge its air 
routes with train routes, replacing local flights with high speed trains. Since then, little 
has been said about the idea, but merging those two transport modes could provide 
a long term solution, transforming airlines into long distance transport  
service providers. 

More recently the success of Solar Impulse, the experimental solar aircraft, in 
circumnavigating the world may hold longer term promise, though huge steps will be 
needed to take an experimental one man plane to commercial transport mode. 

While potentially fanciful in the eyes of many companies and investors, squaring long 
term emission reductions with the physical limits of airplane technologies will make 
radical changes in business models or technologies necessary if global climate 
commitments are met. 
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WATCHING THE CATALYSTS

The ICAO General Assembly in October 2016 promises to be a key inflection point for 
the industry. Failure to reach a voluntary agreement then is likely to prompt drastic 
regulatory involvement from the European Union and potentially other countries (such 
as China or India), particularly in light of the gentleman’s agreement on stopping the 
clock for the sector, contingent on the industry agreeing a sufficiently ambitious plan. 

Failure to do so will intensify regulatory scrutiny, and jeopardise a global sector-led 
consensual response, with the risk of regional and fragmented carbon trading 
schemes emerging. This would be a worst-case scenario for airlines, which would 
have to incur considerable compliance costs on top of the investments engaged for 
climate optimisation of their operations. 

The company implications will be similar whether the industry follows a voluntary or 
regulated path; more efficient companies further advanced in minimising their carbon 
footprints will be in stronger positions. However, the pace and scale with which 
differences are exposed are likely to be significantly greater under a regulated pathway. 
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