
The aviation industry faces huge challenges if it is to meet its

 

own self-
imposed climate change targets, according to a new

 

UN report.

And even if it does meet all its targets, aviation will still have consumed 12% of the global

carbon budget for 1.5C by 2050, Carbon Brief analysis shows. If it fails to reach this target, its

share of this budget could rise to as much as 27%.

The sector has an aspirational goal to cap its emissions at 2020 levels, so that any growth after

this year is achieved in a “carbon neutral” way.

This will not be easy. Airlines estimate that air travel will grow by an average of just under 5%

per year up to 2034 — and the emissions from these extra air miles will be dif�cult to

decarbonise.

Technology improvements
The International Civil Aviation Authority (ICAO), the UN body for �ying, has set out the

 

dif�culties of cutting emissions in a growing sector in its 2016 Environmental Report, 
which is released

 

every three years.

The UN report forecasts the greenhouse gas emissions of the aviation sector out to 2050, and

looks at how they could be reduced. The following chart shows the extent to which

improvements to the aviation sector itself could help to cut emissions.
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(https://www.carbonbrief.org/wp-content/uploads/2016/08/aviation-1.jpg)

Aircraft CO2 emissions from International Aviation, 2005-2050. Updated to include alternative fuels life cycle emissions
reductions. Dashed line represents effect on net CO2 emissions association with the 100% replacement of jet fuel with alternatives by
2050. 100% replacement of alternative jet fuel would requite a complete shifting in aviation from petroleum re�ning to biofuel
production and a substantial expansion of the agricultural sector, both of which would require substantial policy support. Illustrative
case would require high availability of bioenergy feedstocks, the production of which is signi�cantly incentivised by price or other policy
mechanisms. Source:   ICAO 2016 Environmental Report (http://www.icao.int/environmental-
protection/Documents/ICAO%20Environmental%20Report%202016.pdf)

Under a business-as-usual projection, where the aviation industry grows by 5% per year, but

there are no major changes to technology or infrastructure, total emissions over the period

2015-2050 reach approximately 56bn tonnes of CO2 (area under dark blue line).

The rate of emissions in 2050 has been revised downwards from ICAO’s previous

environmental report (https://www.carbonbrief.org/explainer-aviations-battle-to-limit-rising-

emissions#) three years ago, but it appears that they have also scaled down the potential for

technological improvements to the industry.

Carbon Brief asked Dr Joeri Rogelj (http://www.iiasa.ac.at/staff/staff.php?

type=auto&visibility=visible&search=true&login=rogelj), one of the world’s leading experts on

carbon budgets, to express the latest projections in terms of the internationally agreed
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(https://www.carbonbrief.org/analysis-the-�nal-paris-climate-deal) climate targets adopted in

Paris (https://www.carbonbrief.org/category/policy/paris-2015) last year — to keep global

temperature rise to “well below 2C”, with an additional aspirational target of 1.5C.

His calculations suggest aviation emissions between 2015 to 2050 will consume 27% of the

remaining carbon budget (https://www.carbonbrief.org/analysis-only-�ve-years-left-before-

one-point-�ve-c-budget-is-blown) to have a decent chance of keeping global temperature rise

below 1.5C (https://www.carbonbrief.org/scientists-compare-climate-change-impacts-at-1-5c-

and-2c) above preindustrial levels. The share of the remaining budget for 2C is smaller, at 7%,

but still signi�cant.

(https://www.carbonbrief.org/wp-content/uploads/2016/08/Aviation-emissions-graphic.jpg)

Infographic: Aviation’s share of the 1.5C budget. By Rosamund Pearce for Carbon Brief.

This gives a new perspective to the oft-repeated claim that aviation is responsible for 2% of

global emissions — a claim repeated in the ICAO report and one the sector has been stressing

since the early 1990s. While it is true that aviation may be a small slice of a large pie at the
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moment, as other sectors seek (https://www.carbonbrief.org/paris-2015-tracking-country-

climate-pledges) to reduce their emissions in line with the carbon budgets, aviation will come

to occupy an increasingly large share, if it continues to grow.

It’s worth noting that ICAO’s projections only go as far as 2050. Any emissions after mid-

century will further shrink the remaining carbon budget.

Carbon dioxide is also not the only way aviation affects the climate. Aircraft emit other gases

and aerosols that change the composition of the atmosphere. They also produce “contrails”,

which affect the cloudiness of the sky and how much solar radiation reaches the surface of the

Earth.

The extent to which these extra factors amplify the CO2 effect is still poorly understood and

not captured in ICAO’s estimates of aviation’s impact on the climate. With new studies

emerging in recent years, the report says a new scienti�c assessment of aviation’s impact on

the climate is now needed. The “state of the science” section of the report says:

While CO2 is particularly understood, there are important uncertainties regarding some of the non-
CO2 impacts and the underlying physical processes which require further investigation…Our
understanding and con�dence in aviation climate forcings would be enhanced by a new international
scienti�c assessment.

Even the most optimistic scenario cannot hope to reverse the growth in CO2 from aeroplanes,

ICAO’s data suggests. Dramatic improvements in aircraft technology (light blue shading) in

addition to air traf�c management and infrastructure (yellow shading) will only succeed in

making the steep upwards curve of aviation emissions slightly less steep.

Assuming all these potential improvements materialise, total emissions from aviation by 2050

drop to approximately 41bn tonnes of CO2. Rogelj calculates that this means the industry’s

share of the remaining carbon budget for 1.5C would fall to 20%.  

This means that there would still be a shortfall of 1,039 million tonnes of CO2 (MtCO2) in 2050

between what is technologically feasible and what is required for aviation to hit its emissions

goal of pinning emissions at 2020 levels.

But even this self-imposed goal doesn’t go far enough, says Rogelj:

On the one hand, it is encouraging to see that the sector is thinking about ways to signi�cantly limit
its CO2 emissions. On the other hand, it is worrying to see no mention whatsoever of the idea that
also in this sector net-zero CO2 emissions need to be achieved for stabilising climate change.
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Biofuels

So how can this gap be �lled? The scenario outlined above assumes that each kilogram of jet

fuel burned generates 3.16kg of CO2.

But this can be reduced by adding biofuels into the mix, the report claims. It looks at how much

can feasibly be added, and how far this takes growth of the aviation industry to “carbon

neutrality” after 2020, assuming that technology and other emissions-saving measures have

already advanced to the most optimistic levels.

It does this for both the short term and the long term — 2020 and 2050.

Its 2020 scenario for the volume of biofuel available depends upon the production plans of

producers and states. Its 2050 projections are more speculative. They look at constraints to

biofuel use, including various environmental and socio-economic factors, how much biomass

could actually be produced, and how much fuel can be extracted from this.

Their calculations also take into account the fact that making biofuel is not a carbon-neutral

process, and include all the emissions released during its production.

The graph below suggests that biofuels can, at a pinch, ensure that emissions do not exceed

2020 levels, and could potentially enable them to dip slightly below.

(https://www.carbonbrief.org/wp-content/uploads/2016/08/aviation-2.jpg)
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CO2 emissions trends from International Aviation, 2005 to 2050. Dashed line in technology contribution sliver represents the “Low
Aircraft Technology Scenario”. Note: results were modelled for 2005, 2006, 2010, 2020, 2025, 2030, and 2040, and then extrapolated to
2050. *Actual carbon neutral line is within this range. Source: ICAO 2016 Environmental Report (http://www.icao.int/environmental-
protection/Documents/ICAO%20Environmental%20Report%202016.pdf)

However, there are important caveats to ICAO’s analysis.

First, only the most optimistic end of the range of potential emissions reductions due to

biofuels takes aviation into the realm of carbon neutral growth after 2020. This is in addition to

already optimistic scenarios for technology improvements between now and 2050.

This implies that over the next three decades, both technological advancements and biofuel

production have to go as well as they possibly can in order for aviation to reach its goals

through these measures alone.

Even in this most optimistic vision, where technology and biofuel production advance enough

to allow the aviation industry to meet its self-imposed target, the industry would still consume

12% of the remaining budget for 1.5C by the middle of the century. Rogelj says:

It is clear that low-carbon aviation is still in its infancy. But even the ultimate aspiration of the sector
(carbon-neutral growth) is off the mark and out of tune with what is required to stabilise the climate
system.

The upper end of the range indicates that conventional jet fuel is 100% replaced by biofuels.

This itself has signi�cant implications for policy and other areas that are hoping to reduce their

emissions by switching to biofuels.

The report notes that “100% replacement of alternative jet fuel [biofuel] would require a

complete shift in aviation from petroleum re�ning to biofuel production and a substantial

expansion of the agriculture sector, both of which would require substantial policy support”.

This would be expensive. The report estimates that complete replacement by 2050 would

require around 170 new large biore�neries to be built every year from 2020 to 2050, at a cost of

$15bn to $60bn per year.

But this relies on progress happening straight away and in a linear fashion. If progress is

initially slow, and then picks up after 2035, then 328 large biore�neries would have to be built

each year from then on, at an approximate cost of $29bn to $115bn per year.
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It also emphasises the other dif�culties of this achievement, including the fact that it would

limit the amount of bioenergy available for other uses. The report says:

Achieving this level of emissions reduction would also require the realization of the highest assumed
increases in agricultural productivity, highest availability of land for feedstock cultivation, highest
residue removal rates, highest conversion ef�ciency improvements, largest reductions in the GHG
emissions of utilities, as well as a strong market or policy emphasis on bioenergy in general, and
alternative aviation fuel in particular. This implies that a large share of the globally available
bioenergy resource would be devoted to producing aviation fuel, as opposed to other uses.

The scaling up of biomass is already a controversial topic, due to concerns over land grabs

(https://www.reuters.com/article/us-biomass-iied-idUSTRE77T3L220110830) and food security

(http://thebulletin.org/climate-food-and-biomass-energy), for instance. The new idea of using

bioenergy with carbon capture and storage (BECCS (https://www.carbonbrief.org/tag/beccs)) to

absorb carbon dioxide from the air to bring about “negative emissions” could place further

pressure on the world’s available biomass resources.

The report also adds that carbon-neutral growth purely through the use of alternative fuels is

unlikely to occur by 2021, as their production would need a period in which to be ramped up

before they reach the levels required.

Market-based mechanisms

The report acknowledges that technological progress and biofuels are unlikely to deliver the

scale of improvements necessary. To bolster aviation’s chances of hitting its carbon-neutral

growth target, the sector also hopes to agree on a market-based measure that would see them

paying to offset their emissions.

The industry would need to offset between 443m and 596m tonnes of CO2 in 2035, and this

only includes international �ights, which currently account for only 65% of aviation emissions.

This would cost between $5.3bn and $23.9bn in 2035, depending on the assumed carbon price.

The higher �gure would diminish total revenues from international aviation by only 1.4% in

2035.

A separate paper (http://www.bettertransport.org.uk/new-runway-would-add-hundreds-

pounds-holidays-extra-carbon-costs-say-campaigners), released today by the Campaign for

Better Transport, suggests that the best way to reduce aviation emissions is simply to curtail

growth, and that this could be done by adding a surcharge linked to the �ight’s total emissions.

Leo Murray, co-author of the report, told Carbon Brief:
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The ICAO biofuels scenarios are clearly fanciful at best, while the proposed market-based mechanism
is so weak as to bear almost no relationship to a 2C target, let alone 1.5C…Fundamentally, what all
these industry-led analyses refuse to acknowledge or countenance is the very evident truth that the
only reliable means by which to control aviation emissions is to manage — ie curtail — demand
growth. That’s the point of our frequent �yer levy proposal; it’s an equitable method of doing that.

It is worth noting that only 5% of the world’s population have ever travelled in an aeroplane,

according to transport campaigners Atmosfair

(https://www.atmosfair.de/en/klimagerechtigkeit).

The ICAO Council is expected to make a recommendation for how a market-based scheme

could work in October, during the body’s 39th Assembly, which countries can then decide

whether to adopt.

This decision will come to represent the of�cial level of ambition of the aviation sector when it

comes to climate change, since its emissions were not covered in the UN Paris Agreement

(https://www.carbonbrief.org/interactive-the-paris-agreement-on-climate-change). However,

there have recently been reports (https://uk.reuters.com/article/uk-climatechange-aviation-

exclusive-idUKKCN10D22F) that the aviation deal agreed could initially be voluntary for

certain countries.

*Projections of international aviation emissions based on graphs from ICAO Environmental report

2016. Carbon Brief has requested the underlying data from ICAO, but has yet to receive this.

Main image: Aircraft fuselage. Photo: Flightlevel80/E+/Getty Images.
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