UK Jet Zero: Flying Aviation Workers into Danger
This is Safe Landing’s response to the UK Jet Zero Consultation.
Pilots and safety critical aviation workers are trained to always have a plan B. If we find ourselves
with an uncertain outcome and we don’t have a credible back-up plan, we have failed to manage
the risk - we’ve failed to do our job. That is precisely what the UK Jet Zero scenarios propose. If we
go down this path with huge uncertainty and it fails, then we have no back-up. The jet fuel has
been burned, the temperature has risen, there is no going back. There will be no Safe Landing.
The Jet Zero consultation proposes 4 scenarios, all of which involve close to unconstrained growth
of aviation: from 273m passengers in 2018, to around 460m in 2050. Despite using the words
‘uncertain/uncertainty’ 18 times in their own Evidence & Analysis paper, all scenarios rely entirely
on successful development and adoption of unproven technology to achieve net-zero emissions.
What if the promised developments don’t happen? We believe in the precautionary principle. We
should act now to reduce aviation emissions, while simultaneously developing the technology to
help us meet our obligations. Should technological developments prove to be successful, they can
be added into the picture. If not, we’ve still met our obligation.
As aviation workers within this technically-minded sector, we’ve assessed the options relied on by
the Jet Zero scenarios, and believe they are overly-optimistic and improbable. In some cases, they
are dangerous to the environment, the economy, society and our own industry.
We can see clearly that curtailment of air traffic is necessary. We can also see that realistic pricing
of emissions, in line with our obligations under the Paris Agreement, is inevitable and will have an
impact on demand. This fact needs to be recognised and planned for by the government, the
regulators and industry. If we fail to recognise this and return to ‘business-as-usual’ growth based
on improbable technological developments, we risk having the rug pulled from under us, and will
face a cliff-edge of sudden demand reduction. We would like to avoid an industry crash by seeing
such policies applied through early design, rather than late disaster. If there is to be any security
for those of us in the industry, we recognise that a credible path to net zero for aviation is
essential. Jet Zero is not that path.

There are six key areas within the consultation. Our concerns with each are as follows:
1. Clear Goal, Multiple Solutions
Jet Zero disregards the recommendations of the IMF, OECD, IEA, IPCC and its own Climate Change
Committee who stress the urgent need to curtail demand for flying.
As price is the overriding consideration for the consumer, demand must be managed by internalising
the true cost of GHG emissions within the price of the flight. The carbon price modelled does not
result in significant change in demand. Therefore, either the price starts too low and rises too slowly,
or this demonstrates that carbon prices don’t effectively constrain demand – in which case other
policy measures should also be considered. There is no modelling of a frequent flyer levy or
airport/airline capacity constraints of any sort, so it is impossible for us to compare outcomes.
There is also no clear goal on reducing non-CO2 emissions, which make up around two thirds of the
global heating effect of aviation emissions. This makes it difficult for both airlines and manufacturers
to select operational and technological strategies – how, for example, can we be expected to back
the development of hydrogen aircraft, if future market requirements are undefined and it is unclear
how CO2 will be weighted vs. other non-CO2 emissions (NOx, water vapour, contrails, etc.)?
2. System Efficiencies
Jet Zero assumes a higher rate of annual efficiency gain than is supported by any evidence. It also
claims that “improving the efficiency of our current aviation system offers the best opportunities for
short- to medium-term reductions in CO2 emissions.” This is not correct: measures to limit the
growth of flying would be much more effective and a definite way to achieve short- to medium-term
emissions reductions. We need to cut aviation emissions now to allow time for efficiency measures
to be developed and tested; and to learn the extent to which they can be deployed commercially
and within what timescale.
Without regulation or cost imperatives, any efficiency gains that are achieved are likely to result in
cheaper flying, a rebound effect and further growth in air traffic - as evidenced over the past three
decades. The historical precedent shows that, far from reducing aviation emissions, this is likely to
result in significant increases.
3. Sustainable Aviation Fuels (SAF)
We are concerned by the modelling assumption that all alternative jet fuel use will result in a 100%
emissions reduction. This is false and misleading.
Alternative jet fuels are not necessarily sustainable, or scalable, to current levels of aviation fuel
consumption. In the case of biofuels, they would likely lead to a variety of environmental and social
impacts: increased land-use change emissions, deforestation, biodiversity loss, rising food prices,
water shortages and land conflicts. In the case of synthetic e-fuels and hydrogen there won’t be
enough green electricity to meet all our other needs whilst also producing enough for an
unconstrained increase in flying. Early ramp-up could prolong non-renewable electricity generation.
In addition, hydrogen requires long timescales to develop, test and deploy: to make infrastructure
changes at airports; to redesign aircraft to use and store hydrogen; and to upgrade airlines’ fleets.
This means that it will not credibly support significant decarbonisation of aviation within the
timescales needed.

4. Zero Emission Flight
It is clear to us that any battery-electric and hydrogen-electric aircraft are limited in scope, due to
severely limited range and payload capability vs. jet engine powered aircraft. If such aircraft are
indeed deployed at scale, then this will significantly alter both airline operations and airport
infrastructure. We need to evaluate UK aviation expansion decisions on this basis. Clear top-down
planning from the government is necessary and currently lacking.
5. Markets and Removals
We are concerned by the technological uncertainty and the lack of thorough cost modelling within
the Jet Zero scenarios. The UK Department for Transport references in detail the incredibly high
costs of emissions reduction measures such as alternative fuels, and emissions removal technology.
However, by their own admission, these costs are not actually modelled within the Jet Zero
scenarios, and it is instead assumed that all costs will be covered by a modelled ‘carbon price’.
However, this price is far lower than each of the proposed measures.
As per Jet Zero’s stated commitment to the ‘polluter pays’ principle: those producing the emissions
now should pay for removal, rather than passing that debt on to future generations. As aviation
workers, we can see that these costs are inevitable. We need to be realistic about that and prepare
for it incrementally, rather than be hit with a sudden step change at a future point – leading to a
rapid and immediate contraction within our sector, with associated loss of livelihood.
Furthermore, existing policies (the UK ETS and international CORSIA schemes) have even lower
carbon prices than those modelled and don’t apply to most emissions. It is clear to us that these
policies must be significantly altered to become effective. We appeal to the UK Government to
provide a clear plan on domestic pricing and to make a timeline for stronger international emissions
pricing a priority at COP26, future UN ICAO meetings and bilateral summits.
6. Influencing Consumers
Jet Zero makes no attempt to constrain demand or capacity within the modelled scenarios. All four
scenarios involve close to unconstrained growth of aviation, from 273m passengers in 2018 to
around 460m in 2050. In the modelling, capacity limits are assumed to increase, and (as described
above) the carbon price modelled has a negligible impact on demand.
We view the topic of “consumer choice” as the government ducking responsibility for necessary
regulations by choosing to gaslight consumers with the blame for rising emissions. Individual
awareness and behaviour change is important, but we require system change to enable this. We
can’t for instance blame low-income groups for using air travel over rail travel to visit relatives: if
aircraft are heavily subsidised, aviation fuel is tax free, and train fares are prohibitively higher.
The consultation suggests demand may be affected by increased costs associated with adoption of
new technology – assuming businesses will choose to adopt the technology at increased cost. This is
muddled thinking. We know that airlines with high volume, low margin business models and highly
price sensitive consumers will not behave in this way. They will continue to choose the cheaper and
more polluting path unless compelled by regulation or cost. We urge the government to provide
advance-warning of these regulations, rather than continue the false pretence that we can fly on
without them.

Questions:
1. Do you agree or disagree that UK domestic aviation should be net zero by 2040? How do
you propose this could be implemented?
We disagree, as we believe this target should be brought forward far earlier than 2040. UK domestic
aviation (4% of UK aviation emissions) is far easier to decarbonise than UK international aviation
(96% of UK aviation emissions). If the UK moves faster than other countries in this area then it may
develop a competitive advantage for UK industry, generate jobs, and create a thriving export market
for technology and capability e.g., zero-emissions airport design and airline optimisation.
This can be achieved in a number of ways, but for domestic travel it is important that we have a
domestic transport system that is integrated and prioritises ground-based public transport (e.g.
electrified trains or coaches) over air transport, where ground infrastructure allows e.g. unless
servicing remote islands. This is due to the lower energy- and emissions-intensity of electric road and
rail vehicles vs. electric aircraft.
It is likely that to get to zero-emissions as quickly as possible: hydrogen- or battery- electric aircraft
will be required and it is well established that these are only viable for relatively small and shortrange aircraft, carrying relatively low numbers of passengers. We therefore need to design our
transport system from the top-down, accounting for the differences in capability possible with these
aircraft and ensuring airports and airlines are configured appropriately to operate with them. We
propose that current airport expansion plans be paused, unless they can demonstrate that
infrastructure plans align with these requirements. Otherwise, we’ll lock ourselves into an
incoherent transport network requiring expensive future re-configuration.
As a group representing aviation industry workers, we would like to see plans for this transition
detailed as early as possible, in order to support workers through it. This would allow forward
planning for changes to workers' roles and necessary training and skill-sets within engineering,
design, manufacturing, airline operations, flight crew, ground crew, airport operations, air traffic
control, etc.
We also disagree with the target of “net zero” rather than aiming for “absolute zero”.
We advocate that the target should only be net zero if the use of carbon offsets to achieve this
target is ruled out. We view carbon offset schemes as highly problematic due to the likelihood of
issues such as verification, additionality and permanence. Greenhouse gas removal (GGR)
technology is therefore far more likely to be required over carbon offset schemes. Resource (land,
water, food, energy etc.) scarcity means that GGR must also be minimised and is likely to remain
very high cost. As workers in the sector, we are concerned that leaders will bank on the use of
cheap, ineffective offsets over the next two decades to “achieve” this 2040 target - when it appears
highly likely that the use of such schemes will soon be discontinued. If they are relied on, then
removed, the sector would be faced with unexpected high GGR costs that may cause a severe
industry crash and loss of employment that could have been avoided through more robust forward
planning.

2. Do you agree or disagree with the range of illustrative scenarios that we have set out as
possible trajectories to net zero in 2050?
We disagree with the range of illustrative scenarios set out as possible trajectories to net zero in
2050. As these scenarios:
•

Do not include non-CO2 emissions, therefore they do not represent the total climate impact
of the aviation sector.

•

Do not adequately model the inevitable high costs associated with emissions reduction
measures and emissions removal technologies

•

Do not adequately model the emissions reductions likely with alternative jet fuel or “SAF”, as
such fuels are highly unlikely to deliver the 100% emissions reduction assumed in the
models

•

Include overly optimistic and improbable technological improvements

•

Do not include any scenarios where demand curtailment measures are applied (e.g. air
traffic limits, airport capacity constraints, or more progressive emissions pricing schemes
such as a ‘frequent flyer levy’) for comparison. Such measures would provide the best
possible chance of achieving both CO2 and non-CO2 emissions reductions

Paragraph 4.1 in the ‘Evidence and Analysis’ paper states:
“The scenarios show that significant in-sector abatement could be possible if we make
substantial progress with new technologies. However, making the required technological
progress will be very challenging and there are many barriers that will need to be overcome,
especially for the final two scenarios.”
Paragraph 4.3 in the ‘Evidence and Analysis’ paper states:
“There is significant uncertainty surrounding the abatement potential, uptake and costs of
the measures described in this document and therefore these scenarios should be seen as
illustrative pathways rather than forecasts.”
These statements confirm that the Government has not produced any scenarios that show how
aviation can reach net zero by 2050 without “significant uncertainty”. As there is significant
uncertainty associated with the ‘high ambition’ scenarios 2, 3 and 4: they are unsuitable for
assessment. Until new policies are developed and put in place to address this uncertainty, the
‘Continuation of current trends’ scenario in the Jet Zero consultation reflects the most likely pathway
for UK aviation emissions. This scenario estimates that residual aviation emissions in 2050 will be 36
MtCO2. This is 15 MtCO2 higher than the DfT’s proposed benchmark for net zero aviation and would
require unsustainably high levels of greenhouse gas removals.
As aviation workers, we don’t want our leaders to set out a plan which relies on optimistic and
improbable technological improvements. If this plan fails, as we expect it would: then it will be
necessary to revert to demand curtailment policies. However, the curtailment then necessary would
likely need to be far more severe than if it had been gradually phased in from an earlier date. We’d
like to avoid an industry crash by seeing such policies applied through early design, rather than late
disaster.

a) Are there any alternative evidence-based scenarios we should be considering?
Place a cap on the growth of flying, stop airports from expanding, introduce meaningful emissions
pricing and tax aviation fossil fuels. These are the key solutions recommended by the government’s
own Climate Change Committee (CCC). The CCC has repeatedly told the government that for UK
aviation to have any chance of reaching net zero by 2050, the forecast growth in the number of
flights and passengers (and therefore emissions) must be limited immediately, alongside the
development of system efficiencies, new technologies and alternative fuels for the longer term.
The CCC warns that technological innovations are highly unlikely to be sufficient on their own and
cannot cut aviation emissions in the crucial next 10 years. In September 2019, the CCC stated clearly:
“Zero-carbon aviation is highly unlikely to be feasible by 2050.” As Jet Zero itself accepts: “many of
the technologies we need are in their infancy and will take time to develop.” The IPCC’s recent ‘code
red’ warning is clear - we do not have the luxury of time.
Para 3.35 of Jet Zero states:
“By pricing CO2 emissions, market-based measures can drive cost-effective and technologyagnostic emissions reductions, making system efficiencies, SAF and zero emission flight more
economically attractive, and influencing the travel choices of consumers. They also
implement the ‘polluter pays’ principle – that those who engage in activity that has an
environmental impact should bear the cost of that impact.”
But Jet Zero makes no proposals to introduce a realistic level of emissions pricing nor any taxes on
aviation fuel. This is a major oversight – particularly given the latest UK guidance on carbon values.

3. Do you agree or disagree that we should set a CO2 emissions reduction trajectory to 2050?
We agree that we should set a CO2 emissions reduction trajectory to 2050. However, we would like
to see this emissions reduction trajectory include non-CO2 emissions and feature more granular
mid-way objectives for 2025, 2030, 2035, 2040, 2045. In particular we expect to see aviation
emissions reducing over this next decade to 2030, in line with IPCC requirements to limit global
warming to 1.5°C.
a) Should the trajectory be set on an in-sector CO2 emissions basis (without offsets and
removals) or a net CO2 emissions basis (including offsets and removals)?
As per the Sixth Carbon Budget advice outlined by the CCC (below) the trajectory should be set on an
in-sector basis, without offsets:
“The ICAO’s current carbon policy, the Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA), aims to ensure that most emissions increases above a
baseline year (now 2019) are balanced by offsets up to 2035. The Sixth Carbon Budget advice
set out our position on credits under CORSIA, which is the same as for other credits: they
should not be used to meet UK carbon budgets. While CORSIA could develop to a point
where its offsets are of sufficient quality and additionality to be an acceptable contribution
to UK carbon budgets, that is currently not the case.”
The EU and UK Emissions Trading Schemes (ETS) have also failed to demonstrate significant in-sector
emissions reduction and the offset credits have had issues of verification, additionality and
permanence.

If removals are included, then the economic, environmental and social costs of greenhouse gas
removal technologies need to be properly treated and detailed. Both BECCS and DACCS are very
expensive. BECCS costs are projected to be lower, although the quantities of global sustainable
biomass are severely limited and scale-up is expected to have a negative climate impact. DACCS
costs are projected to be higher and scarcity of renewable energy and water is likely to keep costs
high. It is worth noting that on a net CO2 emissions basis, net zero is reached at some point (e.g.,
2050 or ideally far earlier) and negative emissions are required after that point at continued cost.
These costs need to be paid for by those who produce the emissions earlier on, for example in the
2020s-2030s, in order to meet the government objective of applying the “polluter pays” principle
(consultation para 3.35).
b) Do you agree or disagree with the possible trajectories we have set out, based on our
high ambition scenario, which have in-sector CO2 emissions of 39 Mt in 2030, and 31 Mt in
2040 and 21 Mt in 2050, or net CO2 emissions of 23-32 Mt in 2030, 12-19 Mt in 2040 and 0
Mt in 2050?
As stated in para 4.3 in the Evidence and Analysis:
“There is significant uncertainty surrounding the abatement potential, uptake and costs of
the measures described in this document and therefore these scenarios should be seen as
illustrative pathways rather than forecasts.”
It is not possible to disagree with an “illustrative pathway”. However, we do not agree that we
should only consider the illustrative pathways listed in this consultation. They are highly uncertain
and therefore contain significant risk for aviation workers in the event they do not occur.
It is in the interests of aviation workers for there to be a credible pathway to net zero by 2050. Using
scenarios that are not credible as the basis for industry growth means that demand curtailment
measures are much more likely, and will have to be far steeper, in the future. This puts jobs and
terms of employment at significant risk in the medium-term, as operations expand to meet a
demand that may not materialise.

4. Do you agree or disagree that we should review progress every five years and adapt our
strategy in response to progress?
We disagree. We believe that progress should be reviewed and the strategy adapted in response to
progress, however we believe that the review period should be much shorter than 5 years. With
such uncertainty of technological development, and such a short time horizon to make necessary
emissions reductions, the government should carry out an annual review of the extent to which
aviation emissions are reducing.
Due to the level of uncertainty around technological progress, the precautionary principle should be
applied. It is likely that air traffic will need to be constrained and the environmental cost of
emissions internalised by applying realistic levels of pricing to aviation as soon as possible. Reviews
could then be used to adjust the demand curtailment measures dependent on the success of
technological advancements.
As workers in the industry, we recognise that short term growth founded on un-sustainable
environmental policies will result in steeper demand curtailment in the medium- to long-term. Any
growth is highly insecure and is not in our interests.

5. Do you agree or disagree with the overall approach to improve the efficiency of our
existing aviation system?
Disagree. Jet Zero assumes a higher rate of annual efficiency gain (1.5-2%/year) than is supported by
evidence. It also claims that “improving the efficiency of our current aviation system offers the best
opportunities for short- to medium-term reductions in CO2 emissions.” This is not correct: measures
to limit the growth of air traffic would be far more effective at ensuring short- to medium-term
emissions reductions are achieved. We need to cut aviation emissions now to allow time for more
efficient technology and measures to be developed and tested; and to learn the extent to which they
can be deployed commercially and within what timescale.
Para 2.3 of Jet Zero’s ‘Evidence and Analysis’ paper suggests:
“efficiency improvements such as these could reduce the fuel burn of aircraft coming into
service in the mid-2040s by 40-50% compared to types entering service in the early 2000s.”
However, aircraft entering service in 2045 will only account for a very low proportion of airlines’
fleets in 2050. Fleets will predominantly be composed of aircraft entering service in the 2020s and
early 2030s, which will be aircraft designed in the 2010s.
Research published in 2020 for the United Nations Environment Programme (UNEP) states that
(Section 5.3.2):
“In general, there are likely to be improvements in aircraft airframes and engines in the next
20 or so years, which will improve the burn-fuel metric by around 1.2% per year. However,
the crucial conclusion is that the sum of the potential improvements does not come near to
matching the projected growth in aviation, let alone to reducing emissions from the
current level”.
In short, efficiency improvements assumed in the modelling are unrealistic. They appear to be
based on an expectation that the rate of historic efficiency gains will continue or accelerate in the
future. This is misplaced, as it can be seen that the rate of efficiency improvement is slowing with
time (see figure below). Furthermore, those efficiency gains may result in cheaper flying, which is
likely to lead to a rebound effect and further growth in air traffic – as evidenced over the past three
decades. Far from reducing aviation emissions, this is likely to result in significant increases.

Figure 1: Long-haul aircraft fuel efficiency and global aviation emissions, historic and projected. From
Peeters, P et al. (2016). Note: efficiency improvements are slowing and emissions are accelerating.
Klöwer et al (2021), state:
“Planning on fuel efficiency improvements does not significantly reduce aviation’s
contribution to warming, as past progress in efficiency was overcompensated by air traffic
growth….”
ICAO (2010) themselves agree that even:
“the aspirational goal of 2 per cent annual fuel efficiency improvement is unlikely to deliver
the level of reduction necessary to stabilize and then reduce aviation’s absolute emissions
contribution to climate change”
Despite claiming (in Annex A.9) that the “modelling also includes the positive rebound impact on
demand due to efficiency improvements lowering the costs of flying” - this doesn’t appear to be the
case, as Scenario 1 and 2 feature different efficiency assumptions, and identical carbon pricing
(which represents the cost of abatement measures), however, total passenger numbers and
emissions (prior to abatement) remain unchanged. This appears likely to underestimate emissions.
We have contacted the Department for Transport
For these reasons, we disagree with the overall approach to rely on improving the efficiency of our
existing system as a means to reach net zero by 2050. We also believe there are issues with the way
emissions reductions due to efficiency improvements have been modelled within the scenarios.

6. What more or differently could be done to ensure we maximise efficiency within the
current aviation system?
The most effective way to maximise efficiency (i.e., reduce energy- and emissions-intensity) is to
constrain air traffic growth. This would have a number of benefits as it would ensure:
•

Newer, more fuel-efficient aircraft would cause early retirement of older, more fuelinefficient aircraft – rather than simply growing the fleet with older aircraft continuing to fly
for many decades.

•

If air traffic is constrained below the demand for air travel, then ticket prices can rise and
this can help to raise revenue for more expensive alternative fuels and greenhouse gas
removals

•

Airlines would be incentivised to improve the seating density on board the aircraft and
flights would more likely be completely full of passengers – which would improve the “load
factor” and therefore reduce emissions per passenger-km for a given aircraft type.

•

Methods to reduce non-CO2 emissions also become easier to employ. Less aircraft in the sky
makes it easier to optimise flight paths in order to avoid areas of high contrail formation.
Less aircraft being refuelled makes it easier to achieve a higher % of alternative fuels (which
can partially reduce non-CO2 emissions) with the limited quantity of such fuels available.

Another effective way to ensure efficiency improvements accelerate and aviation emissions reduce
is to increase the price of aviation fossil fuel by introducing an appropriate level of fuel tax or an
emissions price. An emissions price could factor in both CO2 and non-CO2 emissions and could also
apply to alternative jet fuels (biofuels and e-fuels) which only partially reduce CO2 and non-CO2
emissions. This would send a price signal that incentivises manufacturers to accelerate technology
development and consumers to alter their behaviour – as was demonstrated by high oil prices
during the OPEC oil crisis in the 1970-80s when ‘Openrotor’/’Propfan’ concepts were flight-tested
(then shelved when the oil price reduced again and are yet to re-emerge). Jet Zero appears only to
use carbon pricing as a means to fund carbon offset schemes in the near-term and greenhouse gas
removal technology in the long-term. This is inadequate to deal with the urgent need to cut
emissions in the next 10 years. As the UK is no longer a member of the EU, the government is free to
introduce an aviation fuel tax on domestic flights and flights to the EU immediately.

7. Do you agree or disagree with the overall approach for the development and uptake of
SAF in the UK?
Disagree.
In the Evidence and Analysis paper, Scenario 3 assumes 75% SAF uptake by 2050. Scenarios 2 and 4
assume a 30% uptake. In the ‘Continuation of current trends’ scenario it will only reach 5% by 2050.
Para 2.5 of the Evidence & Analysis paper accepts that:
“current SAF use in UK aviation is negligible and there is significant uncertainty around the
availability and cost of SAF in the future.”
In the ‘Letter on International Aviation and Shipping and Net Zero’ (p. 9) from Lord Deben of the
Climate Change Committee to the UK Government (2019), he states that:

“Our scenario has a 10% uptake of sustainable fuels in 2050. It is not appropriate to plan for
higher levels of uptake at this stage, given the range of competing potential uses for biomass
across the economy… and uncertainty over which use will be most cost-effective.”
Potentially the largest issue facing ‘SAF’ is that no pathway has been commercialised that can
produce fuel in significant quantities. The only pathway currently proven commercially is ‘HEFA’
produced from waste oils – however, the global supply of waste oil is severely limited and could, at
best, only be scaled to supply a very limited % of current aviation fuel consumption. We therefore
view it as a distraction.
In addition to volume constraints, there is competition with other sectors and waste oils are already
utilised to produce e.g. animal feed and road transport biofuels. The UK Government acknowledges
within the SAF Consultation (Para 4.8) that:
“Relying on this fuel could also divert used cooking oil (the feedstock primarily used to
produce HEFA) away from the renewable diesel (HVO) production process. When plants
increase the product slate of HEFA over HVO, their overall fuel yield decreases and
production costs increase. This means pivoting this feedstock away from use in road
transport at this stage will make economy-wide decarbonisation more expensive”.
Therefore, this demonstrates that limited waste oil feedstocks are better utilised in the road
transport sector on both an environmental and economic basis. Scaling aviation ‘HEFA’ would only
result in shifting of emissions savings from one sector to another, whilst reducing total emissions
saved, increasing government spending and increasing tax payer costs.
We also recognise that policies favouring the diversion of waste oil feedstocks to air transport, are
likely to make road and marine transport decarbonisation more difficult and expensive – which
would increase costs for a wider section of society e.g., staple foods in supermarkets and is unlikely
to be politically popular and sustainable.
As the SAF Consultation (Para 1.7) remarks, ‘SAF’ use:
“gives a route for existing oil refineries to transition towards more sustainable products,
strengthening existing supply chains, building new ones and retaining the UK industry’s
expertise and skills.”
For these reasons, we are concerned that the Jet Zero scenarios rely on HEFA scale-up, particularly in
the near-term. Current and future cost projections for HEFA distract from the real costs and
timescales of more scalable pathways. It appears that government support may be directed towards
prolonging fossil fuel industry assets or new facilities which may become stranded-assets once the
reality of their sustainability credentials become more obvious. As workers in the industry – we
would prefer to see any government incentives directed towards other fuel pathways (where
scalability and sustainability criteria can be better met – such as ‘e-fuels’) and R&D support directed
towards more efficient, radical aircraft designs that will be required given the higher fuel costs
associated with these pathways.
Alternative fuels may contribute to reducing aviation emissions to some degree in the future but we
need to cut aviation emissions now to allow time to assess the extent to which, and the timescale
within which, they can be deployed commercially without damaging the rest of our economy.

Furthermore, there is no meaningful definition of what counts as ‘sustainable’ for SAF. The current
definition used by the international CORSIA scheme is not credible. For example, ‘CORSIA eligible
fuels’ can simply claim a 10% emissions reduction vs. fossil fuel (p.4). This needs to be fully
addressed in the government’s policy on SAF mandates by ensuring more stringent criteria for what
counts as ‘sustainable’.
There are three main types of ‘Sustainable’ aviation fuel: biofuel, synthetic fuel and green hydrogen.
We will address the issues with each in turn:
a. Biofuel
Global economies will need to use biomass for feeding a growing human population while also
decarbonising the grid, domestic heating and ground transport. Aviation biofuels are not a
sustainable or scalable solution without directly or in-directly causing increased energy-crop
agriculture which leads to increased global food prices, water shortages, deforestation, drainage of
peatland, loss of biodiversity and emissions from land-use changes which can be worse than fossil
fuel. In other words, we need to use land for many other, critical purposes. There’s not enough land
for everything and we need to prioritise use. The future available quantity of sustainable biomass
‘waste’ is also strictly limited and should be considered a highly constrained resource.
It should also be noted that the Jet Zero definition of SAF (p26, ‘What is SAF’) includes:
“Non-biogenic waste: e.g. unrecyclable plastics or waste fossil gases from industry.”
These fuels are not sustainable. This approach would mean taking carbon stored in waste material
and burning it, thus putting additional GHGs into the atmosphere. If there is plastic waste, it’s far
better to leave it as plastic, with the carbon stored, than to burn it and release the carbon. If
factories produce waste CO2, it should be captured and stored rather than re-emitted. We will
advocate against government support for such facilities.
The phrase “produced from feedstocks with strong sustainability credentials" is vital. It has not been
shown that there is sufficient global feedstock resource to produce alternative jet fuels with credible
sustainability criteria in any significant quantity. The only commercialised process is HEFA/HVO from
waste oils such as animal fat and used cooking oil. As described above in detail, this is already
utilised by road transport, could only supply at most approximately 2% of current aviation fuel
consumption in 2030 (p.1), and already suffers from issues of verification and fraud.
The 2020 UNEP report also warns (Section 5.3.3, p. 57) that:
“Assuming that biofuel combustion is carbon neutral is ... a fundamental accounting error
that rests on implicit spatiotemporal boundaries and assumptions…”
and notes that:
“for many biofuels, the energy return on investment is comparatively low or possibly
negative”
So, it is likely that we may have to input far more energy to these processes than is output as a fuel.
It is highly unlikely that biofuels can be scaled up to more than a small fraction of aviation fuel
consumption by 2050 without damaging other sectors. This places the emphasis on policies aimed at
reducing total fuel consumption.

b. Synthetic Electro-Fuels (‘e-fuels’, ‘synfuels’ or ‘Power-to-Liquid’ PTL fuels)
E-fuels are produced from electricity by synthesising hydrogen with carbon captured from the
atmosphere to create a liquid hydrocarbon. They too face problems of scale-up, cost and the
disproportionate use of renewable energy resources – i.e., there won’t be enough green electricity
to meet all our other needs and also produce enough e-fuels for an unconstrained increase in flying.
The inefficiency of the processes involved would require huge quantities of renewable energy. The
electrical energy required to produce enough synfuel to displace current global annual aviation fuel
consumption would exceed all of the global renewable energy generated today. As detailed by a
2020 EU Clean Sky 2 report (p.44):
“In the efficient decarbonization [scenario] where 40% of aircraft would be powered by LH2
[liquid hydrogen] and the rest via synfuel [e-fuel] by 2050, total energy demand to supply the
aviation industry would be around 28 petawatt hours. Decarbonizing the aviation sector via
LH2 and synfuel would thus triple to quintuple the renewable energy produced globally today
– in other words, demand for renewable energy would be 20-30 times as high as renewable
energy produced in Europe.”
Whilst renewable energy generation is growing every year, this electricity is also needed for
decarbonising every other sector of the economy. If we scale e-fuel to quickly, it will prolong the use
of non-renewable electrical generation such as fossil fuel power stations. It should also be noted
that even renewable energy such as wind, solar and hydro power have ecological and societal
impacts which need to be minimised rather than grown at all costs. Nuclear power may have the
most ‘compact’ use of land and resources but has safety concerns (whether warranted or not) and
suffers from more fundamental issues of huge costs and lengthy timescales to build facilities.
c. Green Hydrogen
Jet Zero expects hydrogen “to play a key role in fuelling zero emission aircraft.” For hydrogen to be
‘green’, it must be produced using renewable electricity, which raises the same issue of availability –
we will not have enough green electricity for everything we want: priorities have to be chosen.
While green hydrogen offers some potential, there are significant costs and long timescales required
to develop, test and deploy it, to make infrastructure changes at airports, to redesign aircraft to use
and store hydrogen and to upgrade airlines’ fleets to replace fossil fuel powered aircraft. This means
that it will not credibly support significant decarbonisation of aviation within the timescales needed.

8. What further measures are needed to support the development of a globally competitive
UK SAF industry and increase SAF usage?
A realistic tax / emissions price on aviation fossil fuel would make ‘SAF’ a more economically
competitive fuel. This would incentivise all stakeholders to increase investment in technological
innovation and would remove a significant barrier to uptake of SAF by operators ie: cost. The
increased cost would be borne by consumers, adhering to the stated ‘polluter pays’ principle
The 2020 UNEP report warns (Section 5.3.3):
“Ultimately, the price gap between incumbent fossil fuels and post-fossil fuels represents a
key challenge that prevents investment both in the [aviation] sector and infrastructure on
land. Without sufficiently stringent regulation in place to force or enable a business case for

zero-carbon fuel use, these investments are unlikely to flow at the required scale until there is
either a customer preference or a price premium for zero-carbon [aviation] services.”
A price premium means introducing a carbon tax, at a realistic level, on aviation fossil fuels. Ideally
this would be applied as an emissions price that accounts for both CO2 and non-CO2 impacts, as a
potential benefit of alternative fuels is the ability to partially reduce both CO2 and non-CO2
emissions.
We also advocate for a ban or limit on the use of HEFA, or at least for government policy to favour
other fuel pathways. As stated in the SAF mandate consultation (para 18), this could “drive the
commercialisation of less developed SAF production pathways” and “reduce our reliance on fuel
imports”. We agree with this logic.
As workers in the sector, we advocate that the government is selective and “picks winners” for
support, rather than wasting support and time on non-scalable pathways.

9. Do you agree or disagree with the overall approach for the development of zero emission
flight in the UK?
We disagree that pursuing the development of zero emissions flight is a credible route to reducing
GHG emissions to zero by 2050. There are 2 options for zero emissions flight: battery-electric and
hydrogen-electric.
Battery-Electric: the 2020 UNEP report states (Section 5.3.3) that electric flight:
“will only slightly contribute to reductions in aviation sector emissions.”
This is because batteries are simply too heavy for medium- and long-haul flights. Unlike burning
liquid kerosene, the weight of batteries does not reduce as the journey progresses. The Chief
Technology Officer of Airbus has stated that:
"even assuming huge advances in battery technology, with batteries that are 30 times more
efficient and ‘energy-dense’ than they are today, it would only be possible to fly an A320
airliner for a fifth of its range with just half of its payload".
Such aircraft are typical of those used by most short-haul airlines which operate from most airports.
It is therefore not foreseeable that this type of aircraft could become electric in the short- or even
medium-term. Only very small, short-range aircraft will be electric. This is reflected by the fact that
most companies attempting to certify electric aircraft during the 2020s are developing aircraft
carrying less than 10 passengers. They will not be available for the type of aircraft for which most UK
airports are predominantly configured.
Hydrogen-Electric: as noted on p13 of Roland Berger’s 2020 report:
“The main drawback of hydrogen is that, due to its low volumetric density, it requires four to
five times the volume of conventional fuel to carry the same onboard energy.”
So, the size, shape and weight requirements of fuel storage for commercial flying will require a
major re-design of aircraft fuselages. Commercialisation and certification of new aircraft and engine
designs can take more than 10 years and it takes much longer (20-30 years) for airlines to upgrade
their fleets.

The EU Clean Sky 2 report in 2020 concluded (pg. 6) that even assuming the necessary technical
developments occur:
“hydrogen propulsion is best suited for commuter, regional, short range, and medium-range
aircraft” (pg. 5) and notes that hydrogen is “less suitable for evolutionary long-range aircraft
designs from an economic perspective.”
The 2020 UNEP report also states (Section 5.3.3) that the development of green hydrogen: “is only
likely under a larger-scale hydrogen oriented energy economy” and it is yet to be seen whether
green hydrogen becomes widely-used in other sectors such as ground transport and domestic
heating. It is likely that green hydrogen will initially be used for ammonia to replace fossil fuel
fertilisers and potentially as a shipping fuel, so that food can be grown and transported.
In relation to the statement in Jet Zero’s Scenario 4 (breakthrough in zero emission flight), para 3.17
of the Evidence and Analysis paper that:
“In order for such a scenario to be feasible, a number of challenges will need to be overcome.
For example, a step change in battery density improvements and other technological
advancements will be required (enabled by a greater investment in R&D), certification and
safety regulations will need to keep up with new technologies as they emerge, airport
infrastructure (e.g. re-fuelling infrastructure for hydrogen and electricity supply for charging
electric aircraft) will need a coordinated change to facilitate the use of new aircraft types,
and airlines will need to be able to quickly incorporate new aircraft types into their fleets. For
hydrogen specifically, the development of a hydrogen strategy and supply-chain across the
economy is crucial. Furthermore, for both electric and hydrogen aircraft, the costs of these
technologies will ultimately need to fall so that zero emission aircraft offer a cost-effective
approach to decarbonisation, relative to using SAF or greenhouse gas removals.”
Jet Zero provides no evidence that these obstacles can be overcome.
We need to cut aviation emissions now to allow time for battery-electric or hydrogen-electric
aircraft to be developed and tested; and to understand the extent to which, and the timescale
within which, they can be deployed commercially.

10. What further measures are needed to support the transition towards zero emission
aviation?
We can clearly see that demand curtailment for air traffic is necessary. We can also see that realistic
pricing of emissions, in line with our obligations under the Paris Agreement, is inevitable and will
have an impact on demand. This fact needs to be recognised and planned for by the government,
the regulators and industry. If we fail to recognise this and return to business-as-usual growth based
on improbable technological developments, we risk having the rug pulled from under us and will
face a cliff-edge of sudden demand reduction. We would like to avoid an industry crash by seeing
such policies applied through early design, rather than late disaster. If there is to be any security for
those of us in the industry, we recognise that a credible path to net zero for aviation is essential.
We would like to see:
•

An emissions budget for the sector that includes both CO2 and non-CO2 emissions. This
should have clear, quantified emissions targets for every year 2022-2050. This should align

•
•
•

•

•

with the emissions reduction targets presented by the IPCC for targeting 1.5°C of global
warming.
Top-down planning from the government showing how this emissions budget is allocated to
airlines/airports operating from and within the UK
Early discussion of demand curtailment measures to ensure that we stay within this budget
using most-likely, not most-optimistic technology projections
Early discussion of the application of a realistic fuel tax and/or emissions price (pricing both
CO2 and non-CO2 emissions) and distribution of this pricing using a frequent flyer levy or
similar policy. This should ensure that the increased financial burden is weighted towards
frequent flyers and that the demand elasticity from high-income groups continuing to fly can
be overcome
As a group, we would recommend a frequent flyer levy that is directly proportional to (CO2
and non-CO2) emissions, rather than number of flights, or number of air miles. This is
because different flights create different levels of emissions, and the same flight flown by an
aircraft with newer technology or alternative fuels will produce different levels of emissions
for the same distance travelled. If this measure is too complex to introduce immediately,
then a fuel tax would provide most of the benefit in the short-term as fuel burned is directly
proportional to CO2 emissions, and most emissions (75%) are produced by the
approximately 25% of flights that are >1500km. So, an increased fuel tax would
disproportionately target high-emitting, long-distance travellers.
Early phase in of agreed measures, so that they can start early and ramp-up more gradually,
rather than start late and ramp-up suddenly. Every year counts. Advanced planning is
essential due to the lengthy timescales that are associated with airport, airline and
aerospace manufacture capacity planning.

11. Do you agree or disagree with the overall approach for using carbon markets and
greenhouse gas removal methods to drive down CO2 emissions?
We disagree, given the current policy options (ETS and CORSIA) and the environmental and
economic uncertainty around Greenhouse Gas Removal (GGR) technology.
Carbon Markets: para 2.15 of the Evidence and Analysis paper notes that the UK ETS auction price
for the December-21 contract was £45.25/tCO2. It should also be noted that the ETS only applies to
domestic and intra-EU aviation emissions and the CORSIA scheme applies for all other international
aviation emissions, which account for a large proportion of total UK aviation emissions. Today,
offsetting a ton of CO2 under CORSIA costs less than $1 and experts project that prices might end up
anywhere between 70 cents and $12 by 2035. The current cost for actually removing GHGs, using
the most scalable greenhouse gas removal (GGR) technology (DACCS), is over £800/tCO2. The CCC
estimated that the costs for DACCS will be £300/tCO2 to capture and £20/tCO2 to store in 2050. The
price of carbon offset credits therefore does not represent anywhere near the actual cost of carbon
removal from the atmosphere.
The CORSIA scheme has numerous weaknesses:
•
•

it’s voluntary from 2020, and only becomes mandatory after 2027
the scheme isn’t legally binding: there are no enforcement mechanisms to ensure
compliance

•

•
•

emissions are offset using types of schemes which have so far proven very ineffective. An
analysis of similar EU offset schemes found (p. 9) that up to 85% of the projects covered had
a low likelihood that emission reductions were additional (would not have occurred anyway)
and not-overestimated.
it only applies to CO2 and ignores non-CO2 emissions, despite their large climate impact
it only applies to emissions in excess of 2019 levels, so for the considerable future, the
majority of carbon emissions will not be offset:

Figure 2: International air traffic coverage of CORSIA based on current commitments
The UK/EU ETS suffer from similar issues in terms of offset efficacy and emissions coverage (nonCO2 emissions aren’t covered, and airlines are granted exemptions for much of their CO2 emissions).
It is clear to us that these policies must be significantly altered to become effective. We appeal to
the UK Government to provide a clear plan on domestic pricing and to make a timeline for stronger
international emissions pricing a priority at COP26.
It is clear to us that the fundamental principle of offsetting is flawed, and as the CCC have advised,
will need to be replaced with actual GGR as soon as possible. We would rather plan for an orderly
phase-in of these GGR costs, rather than deceive ourselves with the relatively cheap yet ineffective
carbon offsets.
GGR: there are numerous risks associated with GGR technology. It is as undeveloped and unproven
at any significant scale and will result in land, water, energy, and other resource consumption which
may exacerbate climate and social crises. It should be an absolute given that we seek to minimise
environmental and humanitarian impacts by reducing our reliance on future GGR as far as possible.
The other issue with “out-of-sector” offsets/removals illustrated in Jet Zero are that they increase
gradually from the 2020s to the 2050s but don’t remove all aviation CO2 emissions from the
atmosphere prior to 2050. This means that there are substantial CO2 emissions added to the
atmosphere over this time period which have not been removed. The IPCC predicts we will pass the
threshold of CO2 atmospheric concentrations for global warming of 1.5°C within the next decade or
so. After that point we will need to remove more CO2 than we emit, to bring the temperature back
down below 1.5°C (unless irreversible due to tipping points). We are therefore expecting future
generations of taxpayers to pay for this removal. This doesn’t seem politically viable and conflicts

with the position stated within the consultation that the “polluter-pays”. We therefore expect the
emissions price to be far higher across the next few decades as funds are collected to pay for the
cost of this future removal, as illustrated below:

Figure 3: Modified plot from Jet Zero ‘Evidence and Analysis’ (p. 20) offset/removal extent vs. total
UK aviation emissions requiring removal
All of this suggests a far higher emissions price than currently proposed in the model, particularly
given the increased climate impacts of non-CO2 emissions and delay between emissions and
removal are not yet factored in. As workers in the sector, we would like to understand the realities
of these costs in advance, rather than have them hidden by the modelling.

12. What could be done further or differently to ensure carbon markets and greenhouse gas
removal methods are used most effectively?
We advocate that:
•
•
•

•
•

all emissions (CO2 and non-CO2) are covered by any scheme
carbon offset markets are not used as the principles are flawed and unlikely to last the test
of time – see previous responses
the costs of DACCS are used rather than BECCS when pricing GGR costs, as DACCS can be
scaled more sustainably - DACCS funding will also contribute to DAC development which is
beneficial for the development of e-fuels (which can be scaled more sustainably than
biofuels)
where GGR has not yet been scaled, funds are still collected to pay for future removal
requirements
the emphasis should always be on reducing total emissions as both offsets and GGR may be
ineffective or even adverse to the climate and society

13. Do you agree or disagree with the overall focus on influencing consumers?
We disagree.
The Jet Zero consultation proposes to:
“...work with the CAA to explore whether mandating the provision of environmental
information to customers at the time of booking flights could influence consumer decisionmaking.’ and to ‘look at other ways to support consumers to make sustainable choices…”
Neither of these statements involve a commitment to take any action. This is insufficient.
CAP 1303, Consumer Research for the UK Aviation Sector concludes that 67% of consumers choose
their flight based on price. Only 8% consider the environmental impact in their decision making.
Government should make specific commitments to raise the profile of the environmental impact of
flying, however it should not be assumed that the significant bias towards price sensitivity among
consumers will change.
At para 3.14 the Jet Zero consultation document states:
“We expect the approach set out in this draft strategy could impact demand for aviation
indirectly. Where new fuels and technologies are more expensive than their fossil-fuel
equivalents, and where the cost of CO2 emissions are correctly priced into business models,
we expect, as with any price rise, a moderation of demand growth.”
We believe this is muddled thinking. Why would businesses adopt new technologies that are more
expensive than existing alternatives, in the knowledge that this will impact demand? Modern airline
business models rely on low margin, high volume sales to generate profitability. Without a
regulatory mandate or economic imperative airlines will not adopt new technology. Making new
technology cost competitive by applying a tax on conventional aviation fossil fuel is a way to
generate the economic imperative for airlines to adapt. This would then have the necessary impact
on demand. If there is significant ‘demand elasticity’ due to the high disposable income of highemitting, frequent flyers – then it’s likely further policy instruments such as a progressive frequent
flyer levy, or airport/airline capacity constraints will be needed to curtail demand.
Jet Zero makes no attempt to constrain demand or capacity within the modelled scenarios. There
are 4 proposed scenarios, all of which involve close to unconstrained growth of aviation, from 273m
passengers in 2018 to around 460m in 2050. In the modelling, capacity limits are assumed to
increase. The Evidence and Analysis paper Annex A.6 states:
“… also increased the capacity of others where our forecasting suggests there will be
significantly higher demand in the future. Increasing capacity limits in this way allows us to
focus the analysis on testing the potential of abatement technologies to meet the challenge
of net zero, without capacity constraints arbitrarily restricting demand.”
This suggests that the government does not expect to influence consumers and is a clear oversight.

14. What more can the Government do to support consumers to make informed, sustainable
aviation travel choices?
Jet Zero ignores the CCC’s recommendation to urgently introduce demand management measures,
notably by preventing airports from expanding. In addition, Jet Zero proposes to allow UK aviation

emissions to increase up to 2030 from 2019 levels, which contradicts the IPCC’s ‘code red’ warning
that we must nearly halve emissions by 2030 from 2010 levels. The only way to achieve consistency
with the IPCC’s urgent warning is to immediately introduce measures to manage down demand for
flying.
The IEA, IMF, UNEP and UK CCC are now clearly stressing the urgent need for restraining post-Covid
demand. The latest report by the OECD’s International Transport Forum notes on p11:
“Phasing out fossil-fuel subsidies, phasing in carbon prices, and internalising the costs of
carbon emissions into consumer and firm decision making are important to enabling the
green energy transition.”
As price is the overriding consideration for the consumer, demand must be managed by internalising
the true cost of GHG emissions within the price of the flight.
The government’s recent consultation on aviation tax reform did not propose to tax aviation fossil
fuel, nor to increase tax on ticket sales but it did propose to lower the domestic rate of Air Passenger
Duty (ADP). It also proposed to amend aspects of APD distance bands and there is potential to use
APD as a demand management measure – e.g. by making the cost of a ticket more realistically and
closely reflect the quantity of emissions caused by the flight. However, APD is a very crude measure
relative to direct emissions pricing and doesn’t adequately address frequent flyer demand.
The UK is no longer subject to the EU’s Energy Tax Directive so it can tax fuel on UK domestic flights
and on flights from UK to EU/EEA destinations. If this was done, the EU reaction would most likely be
to impose retaliatory taxes on aviation fuel for flights from the EU to the UK. This would create a
‘virtuous circle’ of UK and EU demand suppression. The EU has actually proposed an increasing
aviation fuel tax as part of the fit-for-55 measures, so the UK is actually positioned behind the EU on
this matter.
‘Tankering’ fuel is a practice where fuel is carried on board an aircraft to its destination when fuel
price at destination is high. Approximately 10% of the fuel carried is burned due to the additional
weight on board. In tandem with a tax on fuel, this practice should be immediately banned.

15. What could be done further or differently to ensure we tackle non-CO2 impacts from
aviation?
The latest science (p.1) estimates that the non-CO2 impacts from flying have an even greater global
warming effect than the CO2 emissions and comprise about 2/3 of aviation’s net radiative forcing
(the greenhouse effect that traps heat within the Earth’s atmosphere). The contribution of these
non-CO2 effects mean that aviation is currently warming the climate at approximately three times
the rate of that associated with its CO2 emissions alone.
While Jet Zero acknowledges that this exists and is a problem, it does not acknowledge the scale of
the issue and says little about how it should be addressed. This is deeply disappointing.
As noted above, recent research has found that non-CO2 emissions exacerbate aviation’s climate
damaging effects by a factor of two to three: “... the warming footprint of aviation is at least twice as
large as its carbon footprint in the coming decade, clearly highlighting that non-CO2 effects are nonnegligible to assess the contribution of aviation global warming” (p9). Jet Zero needs to show far
greater ambition on reducing non-CO2 emissions, for example, it could propose a simple multiplier
to carbon prices to make the cost of flying reflect the full extent of aviation’s impact on the climate.

The Department of Business Energy and Industrial Strategy (BEIS) recommends a multiplying factor
of 1.9 be applied to CO2 emissions from aviation to take into account non-CO2 emissions. This is
lower than estimated by the latest science, but the UK Government should at least follow its own
guidance. A recent EU report stated (p.17):
“Despite the uncertainties, it is evident that non-CO2 emissions and effects are significant
contributors to global warming. For kerosene aircraft, and based on the latest scientific
evaluations, the total effect could be anywhere between two to four times as large as the
impact from CO2 emissions alone”
This report was contributed to by many of the large aviation companies and fuel providers, such as
Airbus, Boeing, Safran, Easyjet, Equinor, Shell and BP (p.11). This demonstrates an acceptance of
these impacts within our own industry. Our group believes that the continued emphasis on
“uncertainties” in the analysis of the warming impact of non-CO2 emissions is misleading to the
public and politicians. There is also uncertainty (albeit smaller) around CO2 emissions, and for many
decades an emphasis on this uncertainty stalled serious climate action and mitigation. Despite the
uncertainty, it is highly probable that non-CO2 emissions have a positive warming impact which
increases the overall warming impact of aviation:

Figure 4: distribution of relative probability of global warming (ERF) caused by aviation CO2
emissions, non-CO2 emissions, and net emissions. Note: highly probably that non-CO2 emissions have
a global warming effect significantly higher than that of CO2 emissions. (Ref: D.S. Lee, 2020)
Applying the precautionary principle, we should assume that these emissions have a significant
global warming impact, and should really factor-in closer to the upper bound of the uncertainty to
be safe. We should then set a path for aviation which facilitates maximum reduction opportunity for
non-CO2 effects.

There are two strategies which could be used to mitigate non-CO2 effects:
1. Air traffic management to alter the flightpath (altitude or route) of aircraft in order to avoid
areas of high non-CO2 emissions propensity (such as ice supersaturated regions)
2. High use of alternative jet fuels, with lower fuel aromatic content – which could reduce
combustion particles/soot from the engines and may reduce the formation of contrails
On the first principle – air traffic management will be easier with less aircraft in the sky, which
reinforces the need for demand reduction. However, this kind of air traffic management is very
difficult to implement and may result in increased CO2 emissions from altering the flightpath, which
may cancel out the reduced non-CO2 warming due to the long residency time of atmospheric CO2.
On the second principle, recent research by Klower et al warns (p. 10) that:
“... low-carbon fuels could replace fossil fuels over the next decades – a strategy that has to
be treated with caution, as non-CO2 climate impacts of alternative fuels are less well
understood (Burkhardt, Bock, and Bier 2018).”
Furthermore, scaling up SAF as a tool for reducing non-CO2 will be hindered by air traffic growth and
the associated increase in total fuel consumption. We have limited global resources for alternative
jet fuel (biofuel and e-fuel) and we are also limited by the timescale for scaling up its supply. So, the
higher the total fuel consumption, the lower the proportion can be provided by alternative jet fuel
rather than fossil fuel. This reinforces the need for policies that limit and reduce total aviation fuel
consumption: capacity constraints, demand curtailment, and fuel taxation or emissions pricing.
In addition, both strategies will not reduce NOx emissions (in fact the first strategy will increase both
CO2 and NOx emissions) – which underscores the need for policies which reduce overall air traffic
and total fuel burn.
Finally, it is a misconception that fuel efficiency improvements will reduce both CO2 and non-CO2
emissions per passenger-km flown. As a recent paper makes clear (p. 10-11):
“More efficient jet engines tend to produce more contrails, such that savings in fuel could be
overcompensated by the warming effect of contrails.”
The statement here that “more efficient jet engines tend to produce more contrails” is consistent
with our understanding from within the industry, that higher overall engine efficiency causes
contrails at higher ambient temperatures and over a larger range of flight altitudes as identified by
Schumann (2000, p. 1). This means that reductions in CO2 due to improved fuel efficiency, may be
counteracted by the non-CO2 warming effect of contrails. Without assessing the effect of non-CO2
emissions, it cannot be guaranteed that the climate impact per passenger-km would actually
reduce. Therefore, the neglect of non-CO2 emissions effects within the consultation may also
mislead those analysing and responding to the consultation about the potential of aircraft efficiency
improvements to reduce future airline emissions.
The UK Government should conduct its own modelling of the total impact of UK aviation including
both CO2 and non-CO2 emissions and test future scenarios using this model. There have been
attempts to model both historic and projected CO2 and non-CO2 aviation emissions – similar
methodologies could be employed or new methods developed – but fundamentally it needs to be
done. See for example Klower et al (p. 6):

Figure 5: Aviation’s contribution to global warming to 2050.
a. Annual historic and future annual carbon dioxide (CO2) emissions of aviation following four scenarios: No
Pandemic, Back to Normal, Zero Long-Term Growth, and Long-Term Decline
b. Daily flights of selected airports globally between 2019 and Nov 2020 and annual averages for all scenarios.
c. Cumulative warming-equivalent emissions of CO2 and non-CO2 effects of aviation since 1940 and the
corresponding aviation-induced global warming. Scenarios are colour-coded as in a.

To summarise:
•
•
•

•

•

Non-CO2 impacts exist and should be accounted for within scenario modelling
We should apply the precautionary principle and mitigate non-CO2 effects
The only effective way to mitigate non-CO2 effects in any reasonable timescale is to apply
demand reduction measures which ensure air traffic reduces or is at least constrained. This
adds further emphasis to the need for extra scenarios to be produced to inform the Jet Zero
Consultation
The neglect of non-CO2 emissions may mislead the public over the extent to which fuel
efficiency improvements will lead to a reduction in total emissions and the total warming
effect per passenger-km flown.
The UK Government should conduct its own modelling of the total impact of UK aviation
including both CO2 and non-CO2 emissions and test future scenarios using this model

16. Do you have any other comments you would like to add?
In the scenarios presented with the UK Jet Zero Consultation, the UK Department for Transport has
essentially conducted a literature review (including articles from aviation and fossil fuel industry
lobby groups amongst others) – rather than carry out its own analysis and assessments. We would
like to see the DfT conduct their own analysis with technical efficacy, costs and risks all modelled.

