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ABSTRACT: An economic model using levels of actual inputs costed at 2007 levels and varying yields and prices has shown that new higher yielding varieties of SRC willow on above-average land will produce good returns at £45/ oven dried tonne (odt).  Returns at £60/ odt or more are less dependent on achieving high yields.  The additional Renewable Obligation Certificates (ROCs) for power generation using energy crops is calculated to be worth £28.81/ odt. Consideration should be given to whether this could be used to kick-start large scale planting of energy in order to secure sufficient biomass to meet demand. 
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1
INTRODUCTION
The purpose of the work is to undertake a new and full assessment of the economics of short-rotation coppice (SRC) willow and to consider associated issues. This subject is crucial to the primary producers and to the end-users in biomass supply chains, in particular for co-firing for electricity generation and for other thermal combustion applications. We consider that the current market and published literature under-estimate the value of wood-chips from SRC and that energy crops will be needed to fill gaps in supply. 
2
METHODS
2.1
Model

An economic model was compiled in Excel (following previous studies [1], [2]. The model includes all production costs (establishment, management, harvest, transport), excludes fixed costs and calculates farmers' profits as Net Present Value (Cumulative Gross Margin, discounted at 6% over 5 crop rotations, 16 years). Production costs are based on levels of actual inputs used in the Willow for Wales project costed at 2007 levels.
A cost of £360/ ha has been used for harvesting and £11.25/ odt (oven dried tonne) basis at 30% moisture for transport. None of the sites received artificial fertiliser. Only one site needed rabbit-proofing fencing and this item (estimated at £633 for a 10 ha field) is excluded from the present analyses. 
In running the model, we have varied yields and prices with the lowest, middle range and highest values representing poor, current and potential yields and prices respectively. 

2.2 Estimation of costs under real farm situations
The Helyg i Gymru – Willow for Wales project (The development of sustainable heat and power fuelled by biomass from short rotation coppice willow in Wales) has established seven commercial scale blocks totalling 37 hectares of SRC in Wales. It is funded by EU structural funds through the Wales European Funding Office, the Welsh Assembly Government and Industry. Blocks from 3 ha to 10 ha were established in 2004 and 2005. Five of the areas followed temporary grassland, one followed silage maize and one followed set-aside. Other parts of the project are aimed at identifying the best varieties for 
Wales, investigating supply chain issues and assessing the effect on SRC willow on biodiversity. A previous poster describing the project was presented at the 14th European Biomass Conference [3]. 
2.3 Yields

Yield was varied as follows. Yields of 8 odt/ ha in all rotations are low based on rust-susceptible clones grown on less than average quality land. Yields of 8 odt/ ha in the first rotation and 10-12 odt/ ha in rotations 2-5 should be achievable from growing the right mix of the newer but currently available rust-resistant varieties and using good growing practices. Yields of 10 odt/ ha in rotation 1 and 15 odt/ ha in rotation 2-5 represent the potential of varieties from breeding programmes in UK and Sweden and using optimum growing practices.  
2.4 Prices 

Price has been varied from £30 to £75/ odt. £30/ odt represents a low price, £45-60/ odt a more realistic price in terms of the developing market and £75/ odt  is a higher potential value based on inherent energy value, high competition for the resource (i.e all the waste wood has been accounted for) and possibly carbon credits or other mechanisms that factor in climate change mitigation (substitution of fossil carbon and sequestration of carbon in the soil). The latter would place a premium on sustainable sources of biomass and recognise that coal is a heavy carbon dioxide polluter. 
2.5 Planting support
The EU Commission has provided a framework by which energy crops can be supported through national Rural Development Plans. The Rural Development Programme for England 2007-2013 allows for a grant, funded under Axis 1, to cover up to 40% of the actual costs of establishment. 
There is no scheme as yet in Wales, but for the purpose of this study we have assumed that a 40% grant would be available.
2.6 Renewable Obligation Certificates

Renewable Obligation Certificates (ROCs) paid to the energy supplier are the main policy measure to support the development of renewable electricity generation in the UK. From 2009, banding will provide differentiated levels of support for different renewable technologies [4]. For co-firing, regular (non-energy crop) biomass will be awarded 0.5 ROC per MWh and energy crop biomass 1.0 ROC. For dedicated biomass-based generation, regular biomass will receive 1.5 ROCs while dedicated energy crops (with or without CHP) will receive 2.0 ROCs.
2.7 Energy value of woodchip

The net calorific value changes with moisture content, even when measured on a dry matter basis.  This is due to the energy required to drive off water.  The  net calorific value of wood at 35% moisture is 17.2 GJ/odt, equivalent to 4.79 MWh/odt. At 35% efficiency, wood is worth 1.68 MWe/odt to an electricity generator.  

3. RESULTS 

3.1 Actual costs of inputs 

Total establishment costs of £1338/ ha realised in this project (Table I) compare favourably with estimates of £1663 /ha determined for England [5]. The latter were based on a standard cost of £1273/ha [2] adjusted for additional costs of herbicides, rabbit fencing and gapping up. 
Table I Actual costs of inputs obtained for the commercial fields planted by farmers in the Willow for Wales project costed at 2007 levels. 
	
	Mean £/ha
	Range £/ ha

	Pre-emergence  sprays, Year 0
	95
	58-152

	Labour
	22
	

	Post-emergence sprays, 

Year 0
	22
	0-81

	Labour
	5
	

	Cutback
	39
	25-49

	Post-cutback spray, 

Year 1
	91
	41-98

	Labour
	11
	

	Cultivation costs
	94
	46-148

	Costs of planting material 
	750 
	

	Cost of planting
	170
	

	Gapping up
	39
	

	Total 
	1338
	


Weed control was particularly difficult following set-aside, presumably as a result of a high weed seed bank.

Table II  The effect of varying yields and ex-farm price on returns to farmers expressed as Net Present Value assuming 40% support of establishment costs 

	   Price per odt
	£35
	£45
	£60
	£75

	8 odt in all rotations
	-209
	263
	972
	1681

	8 odt in rotation 1
10odt in rotation 2-5
	-126
	441
	1291
	2141

	8 odt in rotation 1
12 odt in rotation 2-5
	-44
	618
	1610
	2602

	10 odt in rotation 1
15 odt in rotation 2-5
	101
	928
	2168
	3048


4 DISCUSSION 

4.1
Returns to farmers 
At the lower prices and yields, it will be difficult to match the returns from growing wheat and recruit arable farmers to make the necessary long-term commitment to energy crops in the UK. Pastoral farming, on the other hand, continues to struggle in the face of low commodity prices and the rising cost of animal diseases.  For comparison, the NPV for lowland sheep in Wales based on 2005-06 figures [6] over the same timeframe is calculated to be £634. 

At higher yields and prices, high returns from SRC willow could be obtained. 
Major increases in yield are likely to be passed on as improvements in the economics of the biomass supply chain and be shared between those at different stages of the supply chain including the consumer in the form of cheaper energy.
 At 2007/08 values of ROC (£34.30 per MWh [7], we calculate that the additonal 0.5 ROC payment for energy crops (1.0 vs 0.5 ROC or 2.0 vs 1.5 ROC) is worth £28.81 per odt to electricity generators. Serious consideration should be given to whether this support for energy crops could be used by electricity generators to kick-start SRC to provide them with a secure source of  biomass. Following initial kick-start, one would expect economies of scale and local availability to result in savings for further planting and for farmers, having confidence of their technical ability and an assured market (through contracts), to invest in further plantings themselves.
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