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UK aviation Carbon Dioxide Emissions Forecast
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1. Introduction

This is document which outlines the method used by the DfT to forecast emissions and gives AEF’s comments on those forecasts, including revisions from 2030 to 2050.  

The government published forecasts for carbon dioxide (CO2) emissions in Nov 2007.  The forecasts are in the document ‘UK air passenger demand and carbon dioxide forecasts’, which was published at the same time as the Heathrow expansion consultation documents.  The full document (pdf) can be found at http://www.dft.gov.uk/pgr/aviation/environmentalissues/ ukairdemandandco2forecasts 
The forecasts are for UK as whole, for the individual London airports and for a couple of other categories.

The forecasts will be used, according to the paper, to be used to “ .. help develop, monitor and inform long term strategic UK aviation and climate change policy .. inform the Government's approach to meeting its commitment to ensuring that aviation reflects the full costs of its climate change emissions .. develop and inform Government policy in the context of putting ourselves on a path to cutting total domestic CO2 emissions by some 60% by about 205029 .. estimate the carbon impacts of airport developments supported in the Air Transport White Paper for the purposes of strategic appraisal.”
2. Historical emissions

A diagram shows a 4-fold, more or less exponential, rise in UK emissions from 1970 to 2005 (Fig 3.1 on page 53).  This highlights the problem not arising in the other major sources of CO2 – namely the massive sustained growth in emissions. 
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Figure 1.  UK aviation emissions

The paper repeats the statistic frequently used in aviation industry PR, namely that international aviation only contributes 1.5% of global emissions.  It also says that UK aviation accounts for 6.3% of UK CO2 emissions in 3.11) but does not mention in this section that the UK aviation accounts for a larger percentage due to water vapour and nitrogen oxides being emitted into the upper atmosphere.  (However, the figures are shown in table in Annex K.)   

3. Method

The principle of calculating CO2 emissions is straightforward.  Basic data are current figures for passenger flights and freight tonnage and forecasts up to 2030.  The passenger forecasts form the other main part of the paper and have a wider role than their use in the CO2 estimates.  Freight, which is much less significant than passengers, is estimated specially for these CO2 estimates. The other key data is on the current and forecast fuel efficiency of aircraft - CO2 emissions are directly proportional to fuel burnt.

The forecasts of passenger-km and freight-tonne-km are multiplied by factors for the average fuel burnt per passenger-km and tonne-km respectively.  These fuel efficiency factors change over time, as fuel efficiency is forecast to improve.  Allowance is also made for factors such as fleet mix, seat occupancy and the fact that shorter flights use more fuel per passenger-km.
For international flights it is necessary to allocate the emissions between the countries concerned.  The approach used is to allocate to the UK all emissions from outgoing flights and none from incoming flights.  This is almost exactly the same as taking half of the emissions from all international flights.  It can be argued that this under-states the UK’s emissions.  While outbound flights represent 50% of all flights, UK passengers are around 70% of the total. There is an argument, therefore, for allocating to the UK 70 % of emissions instead of 50%.  
Separate calculations are made for emissions from airport sources.  These are relatively minor compared with aircraft emissions.  Emissions for surface transport to airports (except perhaps within the airport boundary) are not included. 
4. Passenger forecasts  
The method by which passenger forecasts are estimated are described separately in our paper ‘UK air passenger demand forecasts’ together with AEF’s comments on the forecasts.  The forecasts are (millions of terminal passengers):
	Year 
	Unconstrained  
	Constrained  

	2005
	228
	228

	2010
	270
	270

	2015
	335
	310

	2020
	385
	375

	2025
	440
	410

	2030
	495
	480

	2040
	c555
	540

	2050
	c595 
	580


Table 1: DfT passenger forecasts
5. Freight forecasts

Forecast figures for freight are not shown in the paper.  It is stated that total freight is assumed to rise, driven by increases in GDP, and that a good deal of freight will continue to be carried in the bellyhold of passenger aircraft.

6. Fuel efficiency

CO2 emissions are directly proportional to fuel burnt.  (Water vapour, which is also a major greenhouse gas when emitted into the upper atmosphere, is also proportional to fuel burnt.)  For a given amount of flying, the fuel burnt and hence CO2 emitted is inversely proportional to the fuel efficiency of engines.  Improvements in fuel efficiency, past and future are thus very important and are a source of debate and controversy.

The aviation industry and its supporters claim that great improvements have been made over the year and that even greater improvements may be achieved in future.  A more sober assessment by IPCC (Inter-Governmental Panel on Climate Change) said in 1999 “Historically, improvements in fuel efficiency have averaged at 1-2% per annum (measured as fuel burn per seat km) for new production aircraft.  This has been achieved through new engine and airframe technology. A

similar trend is assumed when projecting forward to 2050.”

The AEF has generally agreed with an estimate for overall fuel efficiency of between 1% and 2% pa, with a figure closer to 1% with a ‘business as usual’ scenario in future and closer to 2% if there is there is ‘forcing’ by means of technological, regulatory and economic measures. 

The paper examines more recent studies and concludes that the likely improvements will be:

	Year
	Annual improvement

	2005 – 2010 
	0.8% pa 

	2010 – 2020 
	1.6% pa

	2020 – 2030 
	0.6% pa

	2005 – 2030 
	1.0% pa

	Aggregate 2005 - 2030  
	29.7% 


Table 2: DfT fuel efficiency forecasts
These are modest increases in fuel efficiency; the improvement of 29.7% between 2005 and 2030 corresponding to an annual (compound) improvement of 1.05%.  The AEF considers these forecasts are reasonable and that the government is right not to be swayed by highly optimistic or ‘aspirational’ forecasts from the industry.  Given that there are no ‘forcing’ measures even on the horizon (due to the intransigence of ICAO and national governments), a rate of around 1% pa is reasonable.

7. CO2 estimates over time 
The resulting forecasts for CO2 emissions for UK aviation are:
	Year
	CO2 (million tonnes)

	2005
	37.5

	2010
	42.0

	2020
	50.0

	2030
	58.9

	2040
	61.1

	2050
	60.3


Table 3 DfT CO2 forecasts   
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Figure 2:  DfT CO2 forecasts (graph)

8. Sensitivity analysis

The above figures are the government’s best estimates or ‘central’ case.  Sensitivity tests were performed in which parameters were varied to give a ‘low’ and a ‘high’ forecast.
The first factor to be varied is the forecast of passengers that underpins these CO2 forecasts.  There were ‘low’ an ‘high’ forecasts being about 6% lower and 5% higher at 2030 respectively than the central passenger forecasts.  The other factor that is varied is the fuel efficiency.  It is assumed that a lower or a higher proportion of considerably more fuel-efficient planes – called ‘ACARE compliant’ – are  introduced into the fleet by 2030.  The low passenger forecast is combined with the better fuel efficiency to produce the ‘low’ forecast of CO2.  The high passenger forecast is combined with the poorer fuel efficiency to produce the ‘high’ forecast of CO2.
The result is a low forecast of CO2 that is 7% below central at 2030 and a high forecast that is 6.5% above central.  It may be noted that these low and high figures for CO2 diverge little more from central than the high and low passenger figures.  This means that the alternative assumptions on fuel have very little effect.

9. Comments on forecasts up to 2030 
AEF has analysed the DfT forecasts of CO2 emissions and carried out a ‘sanity check’.  The most important determinants of emissions are passenger trips and fuel efficiency.  We estimated the increase in emissions from the base date of 2005 to 2010 and then for 10 year periods up to 2050, using the DfT forecasts of passengers, their forecasts of fuel efficiency and also their forecast of      operational improvements.  The resulting increases in CO2 emissions are reasonably in line with the DfT figures, bearing in mind that the AEF approach ignores many (lesser) factors which will also influence emissions.  These factors will include increasing average trip lengths and freight.  

In our paper ‘UK air passenger demand forecasts’ it is explained that we consider the passenger forecasts to be considerably inflated.  The reasons are described in detail in that document, but in outline are:

· Oil prices assumed to reduce greatly from current levels and stay low until 2080

· A ‘cost of carbon’ built into the forecasts which is far too low

· No realistic costs of impacts other than climate built into the forecasts

· No policies to constrain emissions other than the doubtful ETS European Emissions Trading System)   

Also, the sensitivity tests are far too narrow, giving a misleading sense of the reliability or robustness of the passenger forecasts.

Setting these issues of passenger forecasts aside, we consider that the CO2 (central) forecasts up to 2030 are reasonable.  In other words, if the DfT passenger forecasts were correct, we would consider the resulting CO2 forecasts reasonable.  

Although the central forecast may be reasonable (subject to qualification above), the low and high forecasts are far too close to the central.  This follows from the above comments – namely the sensitivity tests for passenger forecasts are too narrow and that varying the assumption on fuel efficiency adds hardly any more divergence away from the central forecast.

10. CO2 estimates by sector 

In addition to the total UK forecasts, a breakdown is provided by airport/source for 2005 and 2030:

	Source
	2005
	2030

	Heathrow 
	 18.2
	 24.9

	Gatwick
	 4.8
	 5.4

	 Stansted
	 1.4
	 3.3 

	 Luton
	 0.6
	 0.9

	 London City
	 0.2
	 0.3

	 Other UK  
	 9.1
	 18.2

	 Ground
	 1.4
	 2.2

	 Freight 
	 0.6
	 2.4

	 UK total
	 37.5
	 58.9


Table 4: CO2 estimates by sector

The AEF has no particular view on the validity of the individual figures.  The emissions from individual airports will be the result of planning decisions as much as anything while the ground and freight figures are minor.  However, it should be noted that the ground figures exclude surface transport to airports and the freight figures probably exclude fright carried in the bellyhold of passenger aircraft.
11. AEF re-calculation of passenger forecasts from 2030 to 2050 

The DfT document says “CO2 forecasts rely on our demand and fuel efficiency forecasts.  These are available only to 2030, so we project CO2 emissions to 2050 using simpler, yet still robust, methods.”  The figures are included in Table 1. 
However, as described in our critique ‘UK air passenger demand forecasts’ we consider this forecast cannot be justified:
“Beyond 2030, the forecasts of CO2 are extremely dubious.  Passenger growth is forecast to slow:  “ .. capacity constraints begin to bite again, so that growth in passenger demand slows.”   It appears the government is hypothesising that its ‘predict and provide’ policies, confirmed in the 2003 White Paper, will be continued for many years and then abandoned.  No justification is given for this startling policy about-face.  It is probably no co-incidence that long-term climate targets are set for 2050.  CO2 emissions grow roughly exponentially from 2005 to 2030. If they were to continue to grow, albeit it at a somewhat slower rate, until 2050, this would give emissions of perhaps 70 mtonnes at 2050.  This would highlight most uncomfortably the fact that aviation would make it impossible to achieve the target of 60% cuts by 2050 or even 80%, that most scientists and commentators believe is necessary.”
A more consistent approach would be to assume continuation of the present government policy beyond 2030, namely only slight capacity constraints such that constrained demand continues to be only a few % below unconstrained demand.  The constrained capacity and CO2 emissions are re-calculated on the assumption of no about-face in policy at 2030, as described below. 

The constrained forecasts are analysed in the table to show the growth rates in 5-year bands up to 2030.  It is then assumed the growth rate will continue after 2030 in the same way as before, namely declining but declining progressively less fast.  The net effect is that over the period from 2030 to 2050 the growth is 39% compared with 105% between 2005 and 2030.  Despite this massive reduction in growth rate, our estimated constrained demand at 2050 is 14.8% larger than the DfT’s figure. The demand at 2040 is 6.7% higher.  
	Year
	Constrained passenger  forecast – normal font means from Table 2.11; italics means derived here
	Annual growth rate over 5 years (linear) - normal font means from Table 2.11;  italics means derived here

	2005
	228
	

	2010
	270
	3.7%

	2015
	320
	3.7

	2020
	375
	3.4

	2025
	430
	2.9

	2030
	480
	2.3 (rates trended down from here onwards)

	2035
	528
	2.0

	2040
	576 cf DfT of 540, ie 6.7% higher 
	1.8

	2045
	622
	1.6

	2050
	666 cf DfT of 580, ie 14.8% higher
	1.4


The 

Table 5 – revised passenger forecests
It is not claimed that these calculation are at all precise.  The trending down of growth rates from 2030 to 2050 is not based on market analysis – it is illustrative.  However, it does show the likely magnitude of the DfT under-forecasting, due to its assumption about capacity constraints.     

12. AEF re-calculation of CO2 forecasts from 2030 to 2050

It is reasonable to expect that an uplift of passengers should lead to a roughly proportional increase in CO2 emissions.  Therefore CO2 emissions can be calculated by a simple pro-rata.  See Table 6 below.  
The emissions estimated by the DfT for 61.1mt in 2040 and 60.3 Mt in 2050.  If the passengers are in fact 6.7% higher than the DfT assumes, the CO2 emissions will be, to a first approximation, also 6.7% higher in 2040, namely 65.2 mt.  In 2050 they will be 14.8% higher than the DfT forecast, namely 69.2 mt.
	Year
	CO2 mt – DfT 
	CO2 mt – AEF

	2030
	58.9
	58.9

	2040
	61.1
	65.2 (61.1 + 6.7%)

	2050
	60.3
	69.2 (60.3 + 14.8%) 


Table 6: Revised CO2 forecasts

It should be emphasised that the DfT CO2 forecasts up to 2030 and AEF’s adjusted figures are based on the DfT policy of ‘predict and nearly provide’ and an assumption that this policy continues up to 2050.  This does not mean we think these policies or assumptions are valid; the CO2 forecasts simply show the implications of current government policy.   

