Carbon Dioxide emissions, and climate changing effect.

How does air compare to other means of travel?  
Aviation has seen huge growth over the last few decades, especially with the boom in budget airlines.  While flights abroad were too expensive for many people several years ago, now stag parties can fly their friends out to Prague or Tallinn, for less than the price of a few rounds of drinks.

While the cost to the passengers is low, the cost to the climate is high.  Britain's CO2 emissions from aircraft approximately doubled between 1990 and 2000, and are projected by the government to double again by 2030.

According to a report by the Tyndall Centre, the UK - by 2050 - would have to stop emitting carbon dioxide from all other sectors of the economy in order to allow aviation to expand this dramatically, and still meet our climate change targets.

Aviation's impact on the climate is worsened by the fact that the polluting emissions happen largely high up in the atmosphere.   Here they can do more damage, with not only CO2 but also water vapour and nitrogen oxides having an effect, with the whole referred to as radiative forcing.  

In total, the Intergovernmental Panel of Climate Change estimates that the warming effect of aircraft emissions is about 1.9 times that of carbon dioxide alone, due to the other gases produced by planes.  (A higher figure of 2.7 was previously used, but a more conservative one of 1.9 is now preferred, and is the one commonly used). 
Aircraft are not uniquely bad, on a per mile per passenger basis.   Planes are roughly comparable to cars, in their fuel consumption per passenger mile, just in terms of carbon dioxide output alone.  Long haul flights are a little more efficient, per passenger kilometer, than short haul flights, as a high proportion of the energy is required to climb to cruising altitude.  However, this does not take account of the radiative forcing effect.  With a 1.9 multiplier, the figures for the climate changing effect of flying look very different.
The other key point is that the distances that can be covered - quickly and comfortably - by a plane are hugely more than normal car use.  One long haul flight of 3,000 miles each way takes just a few hours, but is the equivalent of driving for days and days, and produces just as much carbon dioxide, and much more climate changing effect.
As a rough approximation, flying has the same climate changing effect as each passenger in the plane driving their own (smallish) car the same distance.

The UK at present uses around 28% of its total energy on transport.  About 22% of UK total energy used is by cars.  Around 6% of UK energy goes on aviation, (though this does not include international flights - and the figure does not take into account the extra climate changing effects of plane emissions in the upper atmosphere).

Plane journeys compared with average UK car use

The average mileage for a car in the UK is around 9,000 miles per year (14,500 km).  The average fuel consumption of UK cars now is about 32 miles per gallon (13.6 km per litre).  This requires about 280 gallons of petrol (1280 litres of petrol) per year, and that generates about 2,940 kilos (2.95 tonnes) of carbon dioxide.  

How does UK average car use compare to an air journey?  Taking the 1.9 factor into account, a return flight to New York for one person, would produce about the same climate effect as one year's motoring in an average UK car.

Plane journeys compared with average UK electricity and gas consumption

Electricity: 
Taking a very average medium house in the UK, its electricity consumption for the year might be around 3300 kWh (kilowatt hours).  

This translates to the production of about 1420 kilos of CO2  for the whole house, for the year, which is about the same as the climate changing effect of a return flight to Cyprus for one person
Gas: 
An average, medium sizes house in the UK uses around  20,500 kWh per year of gas.  This multiplies up to around 3895 kilos of CO2 per year for the whole house.   That is about the same as the CO2 produced by a return flight to Athens for four people.  
Assuming a house is occupied by 4 people, around 1330 kilos CO2  are produced per person per year, for electricity and gas together. 

How do different modes of transport compare, for their CO2 emissions?
Comparing different forms of transport, here are approximate figures of how much energy is used.  It is impossible to give accurate figures, as it depends on how many people are travelling in each form of transport, the length of the journey, the age and type of vehicle, the speed etc.  Accurate and comprehensive figures comparing means of transport do not seem to exist.  The figures below are compiled from a variety of sources.  They are all approximate, but help give an indication of how different modes compare.
Approximate energy consumption across different modes of transport
	Means of transport
	Miles per gallon (or equivalent)
	Emissions of CO2 per kilometre

	Car  

- the most fuel efficient available  
	50 - 60 miles per gallon 
per car (18 - 23 kilometres per litre)
	(about 130 - 100 grams CO2 per kilometre)

	Car 

- average models  
	25 - 45 miles per gallon
 per car  (9 - 16 kpl)
	(about 260 - 145 grams CO2 per kilometre)

	Car 
- large models, SUVs etc

	10 - 25 miles per gallon
 per car (3 - 9 kpl)
	(about 500 - 250 grams CO2 per kilometre)

	Rail - normal suburban
	around  50-150 miles 
per gallon per passenger* (18 - 52 kpl)
	(about 130 - 45 grams CO2 per kilometre)

	Rail - high speed, few stops
	around  40-80 miles 
per gallon per passenger* (14 - 28 kpl)
	(about 165 - 80 grams CO2 per kilometre)

	Bus - well used service
	around  80 - 140 miles per gallon per passenger (28 - 50 kpl)

	(about 80 - 45 grams CO2 per kilometre)

	Air - (below 500 miles)
	around  10 - 20 miles per gallon per passenger  (4 - 8 kpl)  - including radiative forcing index at 1.9

	(about 460 - 330 grams CO2 per kilometre) 


	Air - (long journeys)
	around  20 - 30 miles per gallon per passenger (8 - 12 kpl)  - including radiative forcing index at 1.9 - higher than short haul, as much of the energy for any flight is used in take-off and climbing)
	(about 330 - 210 grams CO2 per kilometre) 

	Ship  
	not available - but comparable to suburban rail or bus.
	-




* or equivalent
Below are some journeys comparing modes of transport    

CO2 emissions for journeys within the UK (approx) 
(from "Carbon Counter" by Mark Lynas  2007)

Some of the figures for air may be a little too high
	Journey
	Miles
	Kilometres
	CO2 emissions 

 in kg

By Car
	CO2 emissions 

 in kg

By Train
	CO2 emissions 

 in kg

By Plane

	London to Edinburgh
	413
	665
	129
	73
	339

	London to Manchester
	200
	325
	63
	36
	166

	London to Plymouth
	240
	388
	75
	43
	198

	Southampton to Aberdeen
	570
	917
	178
	101
	468

	Birmingham to Edinburgh
	298
	479
	93
	53
	244

	Cardiff to Newcastle
	317
	510
	99
	56
	260


CO2 emissions for return journeys to Europe (very approximate)
	Journey
	Miles
	Kilometres
	CO2 emissions (kg) 

By Plane
	CO2 emissions (kg) 

By Train+

	London to Vienna
	1538
	2474
	830
	272

	London to Ostend
	246
	396
	124
	44

	Southampton to Jersey
	252
	406
	136
	-

	London to Paris
	426
	686
	230
	75

	London to Athens
	2972
	4782
	1610
	526

	London to Rome
	1794
	2888
	970
	159

	Newcastle to Gothenburg
	1109
	1784
	600
	-

	Newcastle to Amsterdam
	652
	1050
	353
	-


+  Rail in Europe is often powered using electricity generated from nuclear power stations, 
giving an unrealistically low figure.  

The figures, in this table, for planes come from Choose Climate, but  multiplied by 0.66 - in order to use a correction factor of 1.9, rather than the 2.7 used by this website.  www.chooseclimate.org/flying 

Other calculators, such as Climate Care (http://www.climatecare.org  -  a company that offers carbon offsets) come out with VERY much lower figures.


It is possible to calculate the amount of  CO2  produced by a flight, very approximately, by using a fuel consumption figure of 4.8 L/100 km per passenger is a standard figure for the fuel efficiency of planes.  





About 3.2kg CO2  is emitted per litre of aviation kerosene.  The CO2 produced is 4.8 x 3.2 x the distance flown, in kilometres - i.e. 0.154 kg CO2 per passenger kilometer.  





Multiply this by 1.9 to add the effect of radiative forcing.   i.e.    0.2926 kg of CO2 per passenger kilometer.





This produces figures a little lower than those of  www.chooseclimate.org.   





Carbon comparison  - London to Newquay  (257 miles = 420 km)


*  By Car:   For a car doing  about 35mpg  (14 km/litre) - Carbon cost: 0.07 tons of CO2, one way


* By Rail:   Carbon cost: 0.02 tons of CO2, one way


* By Plane:  Carbon cost: 0.12 tons CO2, one way  (i.e. 6 times as much CO2 as the train, and almost twice as much as the car)





(To convert this into CO2 emissions, DEFRA uses a figure of 0.43 kg of CO2 per kWh 


in the UK).





This is worked out, knowing that about 2.3 kilos of CO2 are produced per litre of petrol.   





 Therefore the CO2 emissions from the average gas and electricity use per person


 is about the same as a return flight to Rome for one person.








