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Abstract
Organic farming is generally a more energy efficient system of food production.  Comparative analyses of fifteen crop and livestock sectors indicate that UK organic farming uses around 26% less energy per tonne of output on average.  The main energy saving is from the non-use of industrially produced inorganic nitrogen fertiliser.  Organic farming is more energy efficient for wheat, most field vegetables, milk, red meat and pigs, but it is less efficient for poultry production.
Energy use in agriculture
Agricultural fossil fuel energy use is important for its contribution to climate change via carbon dioxide emissions and is the only global warming factor which has been fully measured for several organic and non-organic farming sectors in one country.  It also has important socio-economic implications due to the predicted long-term decline in global supplies of oil and gas and the associated rise in energy prices.  This is expected to increase the cost of food and may increasingly affect food availability and security in some cases, adding to the problems for future food supplies that are likely to arise from climate change and population increase. 

In UK, most of farming has been industrialised.  This means that most of the energy used in agriculture is now used before the farm in the manufacture of inputs such as fertilisers, pesticides, farm machinery, animal feed grain, and veterinary drugs.  On the farm, energy is used in the form of transport fuel for machinery and heating glasshouses, for operations such as crop drying and milking, and for heating, lighting and ventilating the ‘factory’ farms that rear indoor pigs and chicken.

Organic farming aims to replace industrial processes with natural processes, as far as possible.  It is intended to be a more sustainable system, so it is important to know to what extent this is true for energy. The UK Government has funded ‘Life Cycle Analyses’ of ten organic and non-organic sectors.  These were carried out by Cranfield University (Williams et al, 2006) and updated recently (Williams, 2007).  An earlier government-funded desk-study had also looked at organic energy use for five vegetables (carrots, onions, calabrese, cabbage and leeks) that were not analysed by Williams et al. (MAFF, 2000).  These findings are analysed in this paper.

The results of the two studies are shown in the table below, columns 3 and 4, and from these a comparative energy efficiency figure was derived for organic production in each sector and on average.  To determine the significance of these findings, we multiplied the energy use/t by the annual national production of each of the sectors.  This enabled us to establish the total energy use for each sector and to assess the energy reductions that could be achieved if the whole national production of these sectors were organic.  However, we excluded tomatoes from our calculation of the average energy use of organic farming on the grounds that the energy data is only for ‘long-season’ tomato production in heated glasshouses.  This is little used in the UK organic sector
Results 

Table summarising the findings of UK Government studies on non-organic and organic farming energy use and of the further analysis by the Soil Association:

	Sector


	Organic energy use/t as % of non-organic
	Non-organic energy use/t, GJ
	Organic energy use/t, GJ
	UK production t/yr, 2006 (Defra, 2006, 2007)
	Total UK energy use, GJx106
	Total UK energy use if all organic, GJx106
	Change in energy use if all organic, GJx106

	Milling wheat
	84%
	2.40
	2.02
	6,115,000
	14.67
	12.35
	- 2.33

	Oilseed rape
	103%
	4.85
	4.99
	1,870,000
	9.07
	9.33
	0.26

	Potatoes
	114%
	1.49
	1.71
	5,684,000
	8.49
	9.70
	0.21

	Carrots
	75%
	0.60
	0.45
	718,500
	0.43
	0.32
	-0.11

	Cabbage
	28%
	0.90
	0.25
	262,700
	0.24
	0.66
	-0.17

	Onion
	84%
	1.25
	1.05
	404,500
	0.51
	0.42
	-0.08

	Calabrese
	51%
	3.70
	1.90
	86,900
	0.32
	0.17
	-0.16

	Leeks
	42%
	0.95
	0.40
	49,800
	0.05
	0.02
	-0.03

	Beef
	59%
	26.54
	15.56
	869,000
	23.06
	13.52
	-9.54

	Sheep
	43%
	24.99
	10.79
	333,000
	8.32
	3.59
	-4.73

	Pigmeat
	65%
	21.97
	14.28
	670,000
	14.72
	9.57
	-5.15

	Milk           (unit =1 m3 )
	72%
	2.55
	1.83
	13,720,000
	34.99
	25.13
	-9.86

	Eggs (unit=20,000 eggs)
	110%
	13.66 
	15.00
	443,000


	6.05
	6.64
	0.59

	Poultrymeat
	111%
	15.17
	16.89
	1,500,000
	23.40
	26.04
	2.57

	Long season glasshouse tomatoes
	130%
	122.00
	159.00
	82,684    (for all tomatoes)
	10.09
	13.15
	3.06

	Average  (excluding tomatoes)
	74%
	
	
	
	
	
	-27.51    (-19%)


Results: how the agricultural sectors compare in their energy use

Of the fifteen sectors, the results of the studies show that cabbages, leeks, carrots and onions, i.e. traditional British vegetables, are the least energy demanding foods (using less than or around 1GJ/t).  Arable crops and milk are next (using a few GJ/t).  Then come meat and eggs (10-30 GJ/t).  Finally, heated glasshouse vegetables are highly energy intensive (using over 100 GJ/t).  This is an order of magnitude greater than other foods.  
However, the real significance of the energy use/t figures depends on the comparative production of each food, as a food with a low energy use/t can still have a significant impact nationally if it is produced and consumed in large quantities.  Despite its relatively low energy use per unit volume, the single largest user of energy among the food sectors is milk because of the large quantity produced. 
Results: organic farming energy use

According to these studies, UK organic farming is more energy efficient than non-organic production in nine sectors, similar in one, and less efficient in four sectors Organic farming is more energy efficient for the production of wheat, green vegetables (calabrese, leeks, cabbage), carrots, onions, milk, red meat (beef and sheep) and pigs. On average, these sectors used 40% less energy/t when produced organically, with the biggest energy savings in green vegetables and red meat. Energy use for oilseed rape was similar in both systems, while organic farming was found to be less energy efficient for: potatoes (using 14% more energy); poultrymeat (11% more); eggs (10% more); and ‘long season’ heated glasshouse tomatoes (30% more).  

On average (excluding data for tomatoes), UK organic farming is about 26% more energy efficient per tonne.  When total national energy use is considered, it can be seen that switching current UK production to organic farming would reduce agricultural fossil energy use by around 20%.  Organic farming offers the greatest contribution to reducing national energy use in the milk and beef sectors, also with significant energy savings for sheep and pigs, and smaller savings for wheat. 
Discussion: factors in organic energy use 

The main reason for the energy efficiency of organic farming is because it does not use inorganic nitrogen fertiliser.  Nitrogen (N) fertiliser is the single main use of energy in farming, accounting for 37% of the total energy use (Defra, 2005).  N fertiliser is extremely energy intensive, because the raw material is fossil fuels (usually natural gas) and also due to the high energy demands of the manufacturing process - each kg of N in fertiliser requires 41MJ of energy to produce (Mortimer, 2003).  UK farmers use about 1 million tonnes of N in the form of fertiliser each year (AIC, 2005).  More broadly, organic farming is energy efficient because it does not rely on industrial inputs, instead harnessing natural ecological and biological processes to carry out the functions that farmers need. 

In North West Europe, lower yields are the main weakness of organic farming for energy efficiency. However, this is not true for the rest of the world, where organic yields are similar or higher in comparison to non-organic yields.  Contrary to perceptions, organic and non-organic field crops use a similar amount of machinery per hectare:  there is more use of mechanical weeding for some crops, but less use of machinery for spraying agro-chemicals. The yield differential between the systems is likely largely due to the disproportionate R&D investment into non-organic crop development over the last 60 years. As the development of organic systems progresses, yields and thus energy efficiency should continue to increase. An exception is poultry. Non-organic poultry production is very energy efficient because of the high ‘animal feed to meat’ conversion rates of factory farmed chickens.  However, the organic movement does not believe that continued factory farming is a valid option due to its unacceptable standards of animal welfare and reliance on antibiotic drugs.
There are several concerns about the farm management data used in Cranfield University’s study, according to an independent critique (Watson, 2007), suggesting that more accurate data would yield figures even more favourable for organic farming.
Recommendations for reducing energy use
In conclusion, the harnessing of natural biological and ecological processes employed by organic farming is more energy efficient than using industrially manufactured farm inputs. Policymakers should therefore promote a wider uptake of organic farming to reduce agricultural energy use. Food choices are important too; for an energy-efficient and climate-friendly diet it is recommended that people and businesses buy food that is: organic, seasonal, local, unprocessed, and with less meat.
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