Calculating GHG emission implications of lifestyle changes
Note by Laurie Michaelis to explain Quaker Green Action leaflets, 29 July 2005.
Personal travel

Reducing car driving

The UK average petrol car in 2002 burned 9 litres of petrol per 100km (includes 4x4s).  It was driven 8390 miles.  (DfT, 2005).  The average diesel car burned 7 litres of diesel per 100km and was driven 12,710 miles.  The overall average was 9 litres/100km with a driving distance of 9000 miles = 14400km.
9 l/100km is equivalent to about 66 grams/km of petrol and produces 207 g/km of CO2.  1000 miles driving will generate 330kg of CO2.  In a year, the average car produces about 3000kg of CO2.
In addition to this, oil refineries burn about 7% of the fuel they process.  Car manufacture and road building also use energy and result in CO2 emissions (manufacture accounts for 10% of total lifecycle GHG emissions; road building is hard to allocate among road users but I’ve seen estimates that it contributes a further 10-15%).  Car exhausts include nitrous oxide which is a greenhouse gas contributing about 10g/km CO2-equivalent.  Hence the total GHG impact of driving is likely to be nearer 260 g/km CO2-equivalent or 416kg for 1000miles.  (IEA, 1993)
Switching to a smaller car

Fuel consumption of 4x4 vehicles is highly variable but can be as high as 16 litres/100km.  A Landrover Discovery 3 produces about 354g/km of CO2 on standard tests according to the Vehicle Certification Agency, corresponding to 15 litres/100km petrol consumption.  However, cars in use typically use 10-20% more fuel than in the standard tests.

Switching from a 4x4 to a typical family car consuming 8 litres/100km saves half the fuel and CO2 emissions.  At 9000 miles or 14400km/year this amounts to about 2500 kg/year CO2, ignoring emissions in fuel production, vehicle manufacture etc. and also ignoring the fact that cars use more fuel in practice than in tests.
Some of the smallest, most efficient cars on the market have fuel consumption around 4 litres/100 km – e.g. the Honda Insight at 3.4 litres/100 km.  Others include the Toyota Prius and the Peugot 107.  CO2 emissions from these cars are in the region of 100g/km and switching from a typical car saves around 1250 kg/year CO2.

Switching to rail or bus
Calculating the impact of switching to public transport is complicated by the fact that the train or bus was going anyway.  Does your trip result in additional services being run?  In the case of air travel which has relatively elastic supply, it probably does contribute.   For rail in the UK, service provision is near to capacity and additional passengers have very little impact on service provision.  For buses, the effect is probably intermediate between air and rail.  The question could be explored with an economic model.  However, the figures here are based on the allocation of the overall emissions from the train or bus equally among its passengers, drawing on work I did in the early 1990s (Martin and Michaelis, 1992) updated by unpublished data reported in ministerial answers to parliamentary questions (Hansard, 2004).
Older diesel powered intercity trains (High Speed Trains or 125s) in Britain emit about 100g/km per passenger of CO2 if they are one-third full.  The newer Adelante trains emit about 80g/km per passenger.  Hence, compared with driving a family car (fuel consumption 8 litres/100 km; CO2 emissions 180g/km) alone you will save about 90g/km of CO2 or 150kg for 1000 miles.
Electric trains are better in CO2 terms because the electricity generation mix in the UK contains a large proportion of new gas-fired stations and nuclear power.  Very roughly emissions are likely to be around 40-50g/km per passenger for intercity trains.

Local trains use about half as much energy as intercity trains per seat-km.  On crowded, electric commuter routes CO2 emissions may be as low as 20g/km of CO2.

Buses and coaches in 2002/3 travelled 4049 million vehicle-km, carrying 47 billion passenger-km.  Average occupancy was thus 11.6 passengers.  Last time I looked (in the mid-1990s), UK buses and coaches typically burned about 35 litres/100 km of diesel.  They emit about 90g/passenger.km of CO2.
Flying

Boeing 747 and Airbus A340 aircraft use about 50g fuel per passenger-km with airline typical seat occupancy of about 70%.  This results in the emission of about 160g CO2.  Aircraft also emit nitrogen oxides and water vapour (contrails) which at high-altitude have a large contribution to global warming.  The impact is very uncertain.  In the Intergovernmental Panel on Climate Change report on Aviation and the Global Atmosphere, each of these emissions was estimated to have an impact of a similar order of magnitude to that of the CO2.  Hence the CO2 equivalent impact of flying is around 470g/km.

New, more efficient aircraft have lower fuel consumption and emissions – estimated to be about 20% lower for the Boeing 777 (Boeing Website).

As airliners fly at about 880km/hour, emissions amount to about 400kg CO2-equivalent per hour for older planes, 320kg per hour for newer ones.  So a four-hour flight would result in the emission of about 1400kg CO2-equivalent per passenger.
Household energy

In 2003 the UK had a population of 59.6 million, with 25.8 million households (on average 2.31 people per household in 2002) (National Statistics website).  Household energy consumption consisted mostly of oil (3.33 Mtoe), natural gas (32.2 Mtoe) and electricity (9.65 Mtoe) (from DTI, 2005).

1Mtoe (million tonnes of oil equivalent) = 41,868TJ = 11.6 billion kWh

So the average household consumed 1550 kWh as heating oil, 15,000 kWh as gas, and 4460 kWh as electricity.   With the inclusion of coal, wood and other energy sources, the total was 21,500 kWh.
Of this energy, roughly 68% is used for heating, 17% for hot water, and 15% for electrical appliances, cooking and lights.

CO2 emissions in UK power generation amount to 500g/kWh (based on DUKES).  Burning 1kWh of gas produces 180g CO2; burning 1kWh of oil produces 250g CO2.
Hence the average UK household causes 2200kg CO2 to be emitted in power generation.  Burning gas in the home produces 2700kg CO2.  Burning oil produces 400kg CO2.  The total is 5300kg or 5.3t.

Switching to renewable electricity is assumed to reduce emissions from electricity generation by at least 90% or 2000kWh.  Some GHG emissions are inevitable in renewable power generation, during manufacture and maintenance of infrastructure and equipment – especially in concrete production.

Installing solar panels might reduce energy use for hot water by one third or 1200kWh, cutting CO2 emissions by about 300kg per household.

In a household using gas as its heating source, total CO2 from heating amounts to about 2600kg.  Turning down the thermostat from 21oC to 20oC reduces heating energy by about 10%.  Turning it down to 15-16oC halves the heating energy.  Turning it down to 13oC divides it by three, and to 11oC by about five.  (based on Building Research Establishment model of building energy use).
In an uninsulated house, a third of the energy loss is through the roof and a third through the walls.  Exact savings from insulation depend on a) the type of house – cavity insulation savings are greatest for a detached house and smallest for a flat and b) the level of pre-existing insulation.  However, savings of 30% on heating bills are often possible, with reductions in CO2 emissions of around 800kg.

Food
Plant products supply 69% of the calories we eat in Britain, the other 31% coming from meat and animal products.  On average in 2002 we were supplied with 106kg/person of cereals, 112kg of potatoes, 40kg of sugar, 4.5kg of pulses, 5kg of nuts and oilseeds, 17kg of vegetable oils, 90kg of vegetables, 100kg of fruit, 117kg of alcoholic beverages, 94kg of meat and offal, 7kg of animal fat, 231kg of milk, 12kg of eggs, 23kg of fish. (FAO, 2005).  Total supply amounts to 3400kCal/day and it is estimated that about 30% of food is wasted.
Supply chain emissions

Greenhouse gas emissions occur throughout the food supply chain, from energy use on farms, transport of products, manufacture of inputs whether petroleum-based fertilisers or organic-approved compounds.  Nitrogen fertilisers (petroleum based or organic) produce the GHG nitrous oxide as they break down in soil and water.  Animals produce methane during digestion and their faeces produce nitrous oxide.

Producing a kg of wheat in conventional agriculture results in emission of about 330g CO2-equivalent GHGs.  Of this about 140g is CO2 from fertiliser manufacture, 95g is nitrous oxide (this figure is highly variable) and 100g is CO2 from energy use on the farm and from crop transport.  (IEA, 1994)
Fresh fruit and veg. are mostly water and fertiliser inputs per kg produced are much lower.  Where fruit and veg. are transported long distances, this can be the major contributor to their GHG impacts.  For example, growing 1kg of broccoli in Spain probably involves emission of about 50g CO2-equivalent but transporting it 2000km by road to Britain involves emitting about 200g CO2-equivalent.  (my estimates)
In Britain about half of our grain supply is fed to animals although it is hard to separate out the proportion provided to dairy vs. meat production.  Emissions of methane and nitrous oxide in livestock farming are estimated in the UK greenhouse gas inventory (AEAT, 2002) and amount to about 40Mt CO2-equivalent.  This is about 680kg per person.  Assuming the same emission factors for imported animal products gives a total of 745kg per person.
Food manufacturing in Britain accounts for over 10% of industrial energy use.  It contributes 145kg per person of CO2   (calculated from data in DTI, 2005).

DEFRA has just published a report on food miles (DEFRA, 2005a).  This estimates total CO2 emissions from UK food transport in 2002 at 19 million tonnes of which 10.7 Mt is from HGVs (of which 4.4 Mt is in international transport), 2 Mt from aircraft, 2.2 Mt from maritime transport, 1.5 Mt from vans and 2.4 Mt from cars (shopping trips).  So transport contributes 300kg per person.

One approach to estimating impacts of changes in lifestyle is to look at the detailed impacts in the supply chain.  E.g. a shift in calorie intake to reduce meat and dairy consumption by 30% and to increase grain consumption correspondingly would not require any more grain to be produced (in fact a little less) but it would reduce GHG emissions from livestock by about 200kg CO2-equivalent per person.

Another approach is the use of economic input-output models that calculate the web of industrial, agricultural and other activities associated with consuming any product (e.g. Brower & Leon, 1999, IPTS, 2005).  In its draft report IPTS (2005) calculates GHG emissions for the full range of household consumption in Europe.  Food accounts for 30% of total GHG emissions allocated to households.  About 19.5% is associated with meat and dairy supply; 4% with baked goods, breakfast cereals, fresh and processed fruit and veg.; 2.3% with snacks, confectionary, soft drinks and alcohol; and 4% with “other categories”.  Applying these figures to the UK’s national total GHG emissions of 680 Mt CO2-equivalent or 11 tonnes per person, would imply that meat and dairy account for about 2150kg/person CO2-equivalent.  A 30% reduction in meat and dairy consumption, with a corresponding 15% increase in consumption of cereal and fruit and veg. products, would result in GHG emission reductions of around 5% or 580kg CO2-equivalent.
Waste

Landfill sites account for 25% of UK emissions of methane at 9660kt CO2-equivalent (NAEI, 2005).  CO2 emissions from incineration were 486kt.  British households produce on average 1200kg/year per household of waste of which 176kg is recycled or composted (DEFRA, 2005b).  60-70% of household waste is organic matter including around 25% paper and card, and 30% putrescent material.  Much of the paper and card decomposes very slowly in landfill sites, but the putrescent material decomposes rapidly and generates methane.  On the basis of these data, households contribute about 9 million tonnes of food waste to landfill.  DEFRA statistics show that the industrial and commercial sectors disposed of at least 630,000 tonnes of food waste (although there may be a further 1 million tonnes hidden in “general commercial” waste).  100,000 tonnes of sewage sludge also went to landfill in 1998.  If it is assumed that at least 75% of the methane emissions are due to putrescent material in household waste, the average household would account for about 300kg of CO2-equivalent emissions/year.

For most materials the main emissions are associated with production rather than waste disposal.  In the leaflets emissions are calculated from waste but they could have been based on materials coming in to the home.  The following table summarises emissions for various materials.

	
	
	For comparison 

	Material
	GHG kg/year for each waste kg/week
	UK typical  kg per week
	UK typical score
	Reduction if recycled

	Paper & cardboard
	26
	5
	130
	25%

	Plastic incl. film
	260
	1.7
	440
	75%

	Metals
	240
	1
	240
	50%

	Glass
	18
	2.5
	45
	25%

	Textiles
	26
	0.6
	15
	25%

	Kitchen & garden waste
	40
	7.6
	300
	100% if composted

	Sanitary waste (eg nappies)
	30
	0.5
	15
	n.a.

	DIY & other waste
	52
	4.3
	220
	n.a.
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