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This document does not report new work. The purpose was to re-evaluate the approach used in the 2009 review to assess how robust the findings were and report to the TFRN.

1. The basis of the methodology

One of the foundations of the methodology was that with most machine-based operations on farm, the running cost of the tractor pulling the implement, is a considerable element of the overall cost. 
Moreover, in order to accurately assess the additional costs of reduced ammonia emission (RAET) techniques all costs must be estimated, including those that will also be incurred from spreading using a conventional splashplate machine CSM). Thus the additional costs of using RAET will be the total costs of spreading manures using RAET minus the total costs of spreading using CSM. 

Hence, the annual running costs of a suitable tractor were reviewed alongside those associated with reduced-NH3 emission spreading equipment such as trailing hose (TH), trailing shoe (TS) and open slot injection (OSI) machines as well as cultivation equipment required to incorporate solid manures.
The input values used to calculate costs in the spreading review exercise carried out in 2009 were as follows:

· Purchase price of machines.
· Depreciation, of both the tractor and the spreader.
· Interest rates, on loan or expended capital.
· Fuel consumption.
· Repairs.
· Labour costs.

Depreciation is an estimate of the decreasing value of an asset over time. In theory this deprecation, if set aside in a reserve fund, should be sufficient to replace the asset as and when the time comes.

The approach used is consistent with the method to estimate the cost of abatement techniques given on p329 of the BREF guidance document. Following that guidance unit costs should be calculated as below:

· Current costs should be used for all calculations.

· Capital expenditure should be annualised over the economic life of the investment.

· Annual running costs should be included.

· Take into account changes in performance.

· Total sum is divided by the annual throughput to determine the ‘unit cost’

1.1. Depreciation 

Depreciation occurs for three reasons, obsolescence, gradual deterioration with age and wear and tear as a result of use. While the first two reasons are time-related and are largely age-related, wear and tear is a result of its use and is directly linked to the hours a machine is worked during a year. If the first two reasons predominate then depreciation tends to be more of a fixed cost. If the machine does many hours the wear and tear associated with this use becomes the key element of its depreciation over time and in effect makes deprecation more of a variable cost (rises proportionately as hours worked increases) than a fixed one. 
While the rate of depreciation is not directly linked to hours worked there is a close link between the two. As a consequence the more hours a machine works the less the depreciation per hour, and hence per m3 of slurry spread. This reducing rate of depreciation will to some extent be countered by the likely increase in repairs and maintenance cost as the hours worked increases.
The cost estimates assumed a 6 year write-off for the machines with a final sale price of 10% of the purchase price.
1.2. Interest on capital

The capital invested in the ownership of a machine either results in lost interest, if the purchase was made with saved money, or actual interest payments if capital is borrowed. This lost or extra interest payment should be taken into account when working out the cost of running a machine. When working out the interest payment associated with a machine the average interest paid over the life of the machine is used and is therefore calculated on the average capital invested. Typically interest is calculated on half the initial capital cost on the basis that the machine is being written off over the time and the depreciation money is being invested and earning interest in preparation for the machine's replacement. The interest rate charged on this capital will inevitably depend on the personal situation of the machine's owner and the interest rates at the time. Whether interest is being lost, as a result of money from reserves being used to finance a machine, or paid as a result of borrowed finance the rates paid in the UK are to a large extent linked to the Bank of England base rate.

1.3. Repairs

While it is tempting to assume that repair costs rise or fall directly in proportion to the hours the machine works like other variable costs, certain repair costs are in fact related to the machines age. Examples of such fixed costs would be battery life. Nevertheless, repair and maintenance costs while not directly linked to workrate are in practice very closely associated with the amount of work undertaken and for practical reasons repair costs tend to be linked to hours worked. Repair costs for tractors are typically assumed to be in the region of 8% of the initial capital purchase price of the machine. Repair costs associated with spreaders, tends to be more directly linked to the number of hours worked. 
1.3.1. Difference between splash plate machines and reduced-NH3 emission spreaders.  

The key differences when calculating the direct differences in cost between reduced-NH3 emission spreaders and splash plates were:

· Slower work rate of reduced-NH3 emission spreaders and therefore greater tractor costs per unit of slurry spread.

· Smaller repair costs associated with splash plate machinery due to less soil/machine contact than the TS and OSI machines and less moving parts. 
· Greater purchase costs of reduced-NH3 emission spreaders. 

These differences have been used to calculate the spreading costs vs a splash plate tanker.

1.4. Labour

The relatively slower work rate of the reduced-NH3 emission spreaders will inevitably increase the cost per hour of using this equipment. However, as indicated in section 2.4. below, the amount of time actually spent in field spreading is only a small proportion of the total time required to load and transport tankers to and from the field where manure is to be spread.
1.4.1. Cost of rapid incorporation of solid manures
It might be argued that there are no inherent extra costs associated with rapid incorporation of solid manures in most circumstances. Incorporation of manures will usually occur at some stage after spreading. The key issue is the time between spreading and incorporation. Traditionally, in the UK, manures are often spread to arable land over the winter in the period between harvest of cereals and planting of spring-sown crops such as sugarbeet and potatoes. Normal practice is for the manures to remain on the soil surface until cultivation prior to planting in March or April.  Hence if manures are to be incorporated soon after spreading this is likely to introduce an additional cultivation, since in the interval between ploughing subsequent soil settlement and weed growth might require another cultivation before seedbed establishment. Even for manures applied in late summer or early autumn, shortly before planting autumn-sown crops, there is an issue with respect to logistics. Many farmers find it difficult to have spreading and incorporation machinery on site at the appropriate time. For the one-man-band type farming operation rapid incorporation relies on the farmer regularly swapping machines on his tractor which can waste significant quantities of time and slow down work rates. For larger operations liaison with farm workers and contractors is needed to ensure required machines are on site at the same time. In addition, work rates of the incorporation and spreading machinery need to be matched to keep all units working at optimum speeds. Matching work rates is not simple particularly bearing in mind the different travelling times between different blocks of land for spreaders and different work rates of cultivation machinery based on soil type, machinery size etc.
1.5. Final note
As a general rule farmers rarely calculate reliable costs of machinery operation and therefore generating information from this source alone is difficult and potentially inaccurate. Contractors will in many cases attempt to calculate tractor and machine running costs and will use these to set rates charged to clients. Where possible these contractor costs have been used to verify the costs of running machines. The results of the Defra Pilot Farms study have been examined in an attempt to put the results of the 2009 review into context.

2. The values used for inputs, including the basis for any assumptions and the uncertainties in the estimates
As indicated above, the input values used to calculate costs in the spreading review exercise carried out in 2009 were as follows:

· Purchase price of machines.
· Depreciation, of both the spreader and the tractor.
· straight line (between purchase price and resale/scrap price).
· diminishing balance, reduces by a fixed % each year.
· Interest, on loan or foregone on expended capital.
· in the review we used 4.5% to reflect the current economic situation.
· 7% has been used in previous calculations.
· Fuel consumption.
· Repairs.
· will depend upon hours worked, important consideration in estimating additional costs associated with the tractor.

· Labour costs.
2.1. Purchase price of machines
Our assessment did not indicate any consistent differences in the purchase price of reduced-NH3 emission spreading machines (see section 4.4), and we used an average price of £28,000. The tractor was priced at £51,000. 
2.2. Depreciation
Typical depreciation rates were estimated to be in the region of 15% of the initial purchase price. Initial annual depreciation would be greater than this but late in the machine's life rates would decrease. Using an initial capital cost of a tanker plus reduced NH3 emission spreader of £28,000 based on information obtained from suppliers over winter 2008/9, depreciation would typically be £4200/year. It was assumed that the machine is sold after 6 years of use at 10% of its initial purchase price.
2.3. Repair and maintenance
Machines that require direct soil to machine contact such as injectors will inevitably have greater repair and maintenance costs that those that do not. Repair costs of individual farm machines over a long enough time to come up with genuine averages are very rarely kept. Budgeting estimates of 7% of initial purchase price are quoted for the first 200 hours of use with an additional 2% of purchase cost per 100 hours above this 200 hour base for machines with limited soil to machine contact. Annual repair costs in the region of 13% of the initial purchase price should therefore be budgeted on machines that do 500+ hours. Assuming an initial capital cost of a tanker plus band spreader of £28,000 repairs and maintenance costs would therefore typically be £3640/yr.
2.4. Labour 

Hourly rates of £9-10/hr are typical for tractor drivers and foreman/supervisors respectively in the UK. The relatively slower work rate of the reduced-NH3 emission spreaders will inevitably increase the cost per hour of using this equipment. Interestingly while there is a difference in the output of the machinery in the field, when spreading with a tanker-based system, most of the time taken is a result of the travel to and from the field. Even with slower application rates of reduced-NH3 emission spreaders compared with surface spreading, the overall increase in work rate is relatively small.  Table 1, taken from a DARD technical note 'Alternative Spreading Systems', shows the difference in number of tanker loads over an 8 hour period between two different spreading systems with system B being based around a slower reduced-NH3 emission spreader.

Table 1. The number of tanker loads over an 8 hour period applied by two different spreading systems with system B being based around a slower reduced-NH3 emission spreader

	
	Travel time to field from slurry store
	Time to spread slurry in field
	Travel time to slurry store from field
	Time to fill tanker at slurry store
	Efficiency
	Tanker loads per 8 hours

	A
	4 mins
	4 mins
	4 mins
	4 mins
	80%
	24

	B
	4 mins
	6 mins
	4 mins
	4 mins
	80%
	22

	Difference A-B
	
	+50%
	
	
	
	-9%


3. Making it clear exactly how the numbers are derived,

The above approaches produced the estimates of annual costs given in Table 2 below. Brief summaries of the basis for each estimate are also provided. All costs were estimated for both systems in order to calculate the difference, rather than trying to identify the differences and cost those.
Note: In the 2009 review we concluded that the additional costs of applying slurry by OSI, TS and TH in the UK were estimated to the same for all three machines at £0.52 m-3. Hence the example below applies equally to TH, TS and OSI machines.
Table 2. Components of the estimates of the total costs of spreading made in the 2009 review, based on machine costing £28,000. All the assumptions noted were used in the calculation. The assumptions and the outputs from the calculations are discussed in the sub-sections below.
	
	Assumption 1
	Assumption 2
	Assumption 3
	Annual cost (£)
	% of total

	Tractor depreciation
	Sold after 10 years
	At 10% of cost
	10% of cost/year
	3500
	9.8

	Interest on Capital
	Based on half capital cost
	4.5% annual rate
	
	1150
	3.2

	Insurance
	2% of average capital cost
	
	
	510
	1.4

	Fuel 

	18-25 L-1 for 100-180 hp
	£0.38 L-1, March 2009
	
	8170
	22.9

	Repairs and maintenance
	Not directly related to use
	Some repairs needed with age
	8% of capital cost
	4080
	11.4

	Labour
	£9-10 h -1, 1000 h per year
	Slower work rate
	But most time to and from store
	9500
	26.6

	Total Tractor Costs
	
	
	
	26,910
	75.5

	
	
	
	
	
	

	Spreader depreciation
	Sold after 6 years
	At 10% of cost
	15% of cost/year
	4200
	11.8

	Maintenance
	7% of costs for first 200 h
	2% of costs for each extra 200 h
	hence 13% for 500 h
	3640
	10.2

	Interest
	As per tractor
	
	
	630
	1.8

	Insurance
	As per tractor
	
	
	280
	0.8

	
	
	
	
	
	

	Total spreader costs
	
	
	
	8750
	24.5

	
	
	
	
	
	

	Total costs
	
	
	
	35,660
	

	
	
	
	
	
	


Spreader depreciation and interest payments are the running costs directly related to the purchase price of a spreader. These account for just 13.6% of the total cost estimate.

It is worth considering in turn the assumptions and uncertainties of each of the major factors contributing to the cost estimate: labour; fuel; spreader depreciation; tractor repair and maintenance; spreader repair and maintenance; tractor depreciation. All other factors account for no more than 5% each of the total estimated cost and will not be discussed further.

3.1. Labour

The major point to be considered is not the labour cost per se, although if those are under- or over-estimated it will compound any other errors, but the increase in labour requirement arising from using reduced-NH3 emission machinery. The point was made in the review that while there is a difference in the output of the machinery in the field, when spreading with a tanker-based system, most of the time taken is a result of the travel to and from the field. Even with slower application rates of reduced-NH3 emission spreaders compared with surface spreading, the overall increase in work rate is relatively small. Table 3 is an expanded version of Table 1 and shows the difference in number of tanker loads over an 8 hour period between two different spreading systems with variation in the distance between field and farm.

Table 3.  Slurry tanker loads per eight hours at two different work rates in the field

	
	Travel time to field from slurry store
	Time to spread slurry in field
	Travel time to slurry store from field
	Time to fill tanker at slurry store
	Efficiency
	Tanker loads per 8 hours

	A
	4 mins
	4 mins
	4 mins
	4 mins
	80%
	24

	B
	4 mins
	6 mins
	4 mins
	4 mins
	80%
	22

	Difference A-B
	
	+50%
	
	
	
	-9%

	
	
	
	
	
	
	

	A
	2 mins
	4 mins
	2 mins
	4 mins
	80%
	32

	B
	2 mins
	6 mins
	2 mins
	4 mins
	80%
	27

	Difference A-B
	
	+50%
	
	
	
	-14%

	
	
	
	
	
	
	

	A
	6 mins
	4 mins
	6 mins
	4 mins
	80%
	19

	B
	6 mins
	6 mins
	6 mins
	4 mins
	80%
	17.4

	Difference A-B
	
	+50%
	
	
	
	-9%

	
	
	
	
	
	
	

	A
	10 mins
	4 mins
	10 mins
	4 mins
	80%
	13.7

	B
	10 mins
	6 mins
	10 mins
	4 mins
	80%
	12.8

	Difference A-B
	
	+50%
	
	
	
	-7%


Source: Derived from Lenehan 2004

Of course the original estimates of time spent travelling will not represent all farms and for some (or perhaps many in some parts of the UK) the average travel time may be at least double that indicated in Table 1. Considering first the impact of less travelling time (unlikely though that may be), if travel time is taken to be just 2 minutes each way, then the number of tanker loads that can be applied by surface application in 8 h will increase to 32 (at 80% efficiency), while those for reduced NH3 emission spreading will increase to 27, a difference between the two methods of application of 14%. Conversely if the farm is larger (a more likely scenario in the UK) and the travel time is increased by 50%, the number of loads that can be spread within 8 h are 19 and 17 respectively, still a difference of 9%. Increasing the journey time to 10 minutes reduces the difference to only 7%.
In conclusion, while the original assumption of 4 minutes travel time might seem rather short, increasing the travel time does not much diminish the estimated difference in time between the surface and reduced-NH3 emission spreaders.
When fitted to umbilical systems the reduction in work rate compared to splash plates will be more marked, since travel time is eliminated.
3.2. Fuel

In April 2010 agricultural diesel oil increased to £0.55/L. The impact of this change on spreading costs is estimated. However, while fuel costs were the second largest cost component, as with labour, much or most of the fuel consumption will be required for travel and hence a c. 50% increase in price will not give rise to a 50% increased in costs of reduced-NH3 emission spreading.
3.3. Spreader and tractor depreciation

Some concern was expressed at the lack of difference in the estimates of spreading costs for conventional and reduced-NH3 emission spreaders. This topic is discussed in more detail below in section 4.4. The depreciation costs were based on an average price for a reduced NH3 emission spreader of £28,000, which remains a reasonable estimate of a typical cost. The range of prices quoted in the UK goes up to c. £40,000 for a tanker-mounted machine. By comparison conventional splash-plate spreaders can be bought for c. £12,000. Hence this value is also used in the sensitivity analysis.
Another difference in the assumptions underlying these estimates was that in the Pilot study spreaders were depreciated over times related to the soil type for each farm (8–12 years) and not 6 years as in the 2009 review.
In the sensitivity analysis no estimate is made of potential reduced costs, since this does not seem likely. However, the greater power needed to pull some reduced-NH3 emission machines could perhaps reduce the life of a tractor from 10 to 8 years, and the resultant impact on depreciation rate has been estimated.

3.4. Tractor and spreader repair and maintenance - from Pilot study

The impacts of additional power requirements for injectors was not explicitly discussed in the 2009 review. Nor is any data on this aspect available from the Pilot study.
From the Pilot study annual maintenance costs of the new slurry applicators were estimated to range from £185 to £2640, with a mean of £1100, compared with £3640 in the 2009 review. Estimated costs of repairs and maintenance for splashplate spreaders in the Pilot study averaged £310. However, consistent with the view expressed in the 2009 review that most farmers do not keep records of repair and maintenance costs, those for the Pilot study were mostly estimates based on the capital cost of the equipment. Costs for splashplate machines were generally 2% of capital cost, while those for reduced-NH3 emission spreaders were 4-5% of cost. Repair and maintenance costs for the 2009 review were taken to be 8% of the capital cost. For the sensitivity analysis a reduced estimate of 5% of capital cost was also used.
Table 4. How the components of cost estimate, based on machine costing £28,000, might change with reasonable changes to the assumptions

	
	Change
	Current estimate
	Potential decrease in estimate
	Potential increase in estimate
	% of total cost

	Tractor depreciation
	Sold after 10 years
	3500
	NA
	4375
	9.8-12.2

	Interest on Capital
	Based on half capital cost
	1150
	NA
	NA
	2.6-4.0

	Insurance
	2% of average capital cost
	510
	NA
	NA
	1.1-1.8

	Fuel 
	Price increase fro £0.38 to £0.55 L-1
	8170
	NA
	11,825
	22.9-28.6

	Fuel
	Based on 25L per h, not 21.5
	8170
	NA
	9500
	

	Repairs and maintenance
	Not directly related to use
	4080
	2550
	NA
	8.9-11.4

	Labour
	Increase or decrease in travel time of 50% (Table 3)
	9500
	7740
	12,010
	26.6-27.1

	Total Tractor Costs
	
	26,910
	23,620
	33,950
	75.5-82.6

	
	
	
	
	
	

	Spreader depreciation
	Prices of £12,000 and £40,000
	4200
	1800
	6000
	6.3-13.5

	Maintenance
	7% of costs for first 200 h
	3640
	2275
	NA
	8.0-10.2

	Interest
	As per tractor
	630
	NA
	NA
	1.4-2.2

	Insurance
	As per tractor
	280
	NA
	NA
	0.6-1.0

	
	
	
	
	
	

	Total spreader costs
	
	8750
	4985
	10,550
	17.4-24.5

	
	
	
	
	
	

	Total costs
	
	35,660
	28,605
	44,500
	

	
	
	
	
	
	


The sensitivity analysis indicates that the majority (75-80%) of costs of slurry application are associated with the costs of the tractor that hauls the spreader. These costs are dominated by fuel and labour costs.

3.5. Fuel

No explicit mention is made of additional fuel consumption arising from pulling the reduced-emission spreaders. Average fuel consumption of 18-25 L/working hour are quoted for 100-180 Horse Power tractors. Based on these consumption rates fuel costs per hour of between £6.84 and £9.50 were calculated as typical. Feedback from the farm pilot study indicated that tanker-mounted applicators require a tractor of 100+ H.P. A revised calculation might be made assuming £6.84 per hour for splashplate application and £9.50 for reduced-NH3 emission spreaders. Three of the contractors involved in the Pilot Farms study indicated they were able to use the same tractors. One bought a 200 hp tractor. This may be a major reason why the 2009 review reported contractors were only charging an extra £0.35 m-3 for application by reduced-NH3 emission spreaders. Since tractor costs represent the majority of spreading costs if the reduced-NH3 spreaders can be hauled by tractors already used this major cost will remain largely unchanged.
3.6. Labour

As indicated above, the baseline scenario assuming 4 minutes travel time (each way) between store and field, might have over-estimated the difference between splasplate and reduced-NH3 application. Thus the estimate of labour costs in the 2009 review is not likely to have underestimated the difference in costs. 
4. The consequences for the final cost numbers (Euro/kg NH3-N abated).

The table below is taken from the 2009 review

Table 5. Conversion of above costs into cost per m3 slurry spread. Combined running costs per hour for a 150-180 HP £51,000 initial purchase price tractor (1000 h/yr) plus £12,000 tanker-based splashplate spreader running for 500 hours per year
	Tractor Running Costs
	Annual Cost (£)
	Hourly rate assuming 1000 hours (£)
	m3 rate Assuming 30 m3 spread per hour (£)

	
	2009 rev
	update
	2009 rev
	update
	2009 rev
	update

	Tractor Depreciation (Diminishing balance over 10 years)
	3500
	3500
	3.50
	4.38
	0.12
	0.12

	Interest on Capital
	1150
	NA
	1.15
	NA
	0.04
	0.04

	Insurance
	510
	NA
	0.51
	NA
	0.02
	0.02

	Fuel* 
	8170
	11,825
	8.17
	11.83
	0.27
	0.40

	Repairs and maintenance
	4080
	NA
	4.08
	NA
	0.14
	0.14

	Labour
	9500
	**12,010
	9.5
	12.01
	0.31
	0.31-0.40

	Total Tractor Costs
	26910
	
	26.91
	
	0.90
	1.03-1.10

	Splashplate spreader running costs
	Annual Cost (£)
	Hourly rate assuming 500 hours (£)
	m3 rate assuming 30 m3 spread per hour (£)

	Splashplate spreader depreciation
	1800
	NA
	3.60
	NA
	0.12
	0.12

	Splashplate spreader repairs (average of all three types)
	1200
	NA
	2.40
	NA
	0.08
	0.08

	Interest on capital
	270
	NA
	0.54
	NA
	0.02
	0.02

	Insurance
	120
	NA
	0.24
	NA
	0.01
	0.01

	Splashplate spreader costs
	3390
	NA
	6.78
	NA
	0.23
	0.23

	Total Package 
	
	
	33.69
	
	1.13
	1.26-1.33


*£0.38 in 2009, £0.51 in 2010

**this represents the worst case scenario by assuming the estimate of time taken for transport to and from the field made in 2009 was too great. However, as the discussion in section 3.1 indicates, it is more likely that in 2009 we underestimated travel time. Hence in the final column two estimates are given to indicate the possible uncertainty.
Table 6. Conversion of above costs into cost per m3 slurry spread. Combined running costs per hour for a 150-180 HP £51,000 initial purchase price tractor (1000 h/yr) plus £28,000 tanker-based reduced-NH3 emission spreader running for 500 hours per year
	Tractor Running Costs
	Annual Cost (£)
	Hourly rate assuming 1000 hours (£)
	m3 rate Assuming 27 m3 spread per hour (£)

	
	2009 rev
	update
	2009 rev
	update
	2009 rev
	update

	Tractor Depreciation (Diminishing balance over 10 years)
	3500
	*4375
	3.50
	4.38
	0.13
	0.16

	Interest on Capital
	1150
	NA
	1.15
	NA
	0.04
	0.04

	Insurance
	510
	NA
	0.51
	NA
	0.02
	0.02

	Fuel (£0.38 L-1)
	8170
	11,825
	8.17
	11.83
	0.30
	0.44

	Fuel (21.5 L/h)
	8170
	**13,750
	8.17
	13.75
	0.30
	0.51

	Repairs and maintenance
	4080
	NA
	4.08
	NA
	0.15
	0.15

	Labour
	9500
	†12,010
	9.5
	12.01
	0.35
	0.35-0.44

	Total Tractor Costs
	26910
	
	26.91
	
	1.0
	1.23-1.32

	Reduced-NH3 emission spreader running costs
	Annual Cost (£)
	Hourly rate assuming 500 hours (£)
	m3 rate assuming 27 m3 spread per hour (£)

	Reduced-NH3 emission spreader depreciation
	4200
	NA
	8.4
	NA
	0.31
	0.31

	Reduced-NH3 emission spreader repairs (average of all three types)
	3640
	NA
	7.28
	NA
	0.27
	0.27

	Interest on capital
	630
	NA
	1.26
	NA
	0.05
	0.05

	Insurance
	280
	NA
	0.56
	NA
	0.02
	0.02

	Reduced-NH3 emission spreader costs
	8750
	NA
	17.5
	NA
	0.65
	0.65

	Total Package 
	
	
	44.41
	
	1.65
	1.88-1.97


* this represents a greater rate of depreciation due to increased power demand to pull reduced-NH3 emission spreading machines.

**This estimate is used in the revised calculation of reduced-NH3 emission spreading costs to account for additional power demand

†this represents the worst case scenario by assuming the estimate of time taken for transport to and from the field made in 2009 was too great. However, as the discussion in section 3.1 indicates, it is more likely that in 2009 we underestimated travel time
The additional costs of applying slurry by reduced-NH3 emission spreaders needs to be revised taking into account the increase in fuel price and possible increased fuel consumption per hour. We also present the consequences of a possible increase in labour costs due to the previously assumed travel time between the slurry store and the field being too great. 
Of these three changes, only the increased rate of fuel consumption applies to spreading by splashplate. Costs of applying slurry using a splash-plate machine were estimated in 2009 to be £1.13 m-3. Although we have presented in Table 5 a range of revised cost options we conclude that this cost needs to be increased only by the additional cost of fuel (£0.14) making a revised cost for 2010 of £1.23 m-3. 
Although we include in Table 6 an estimate of increased labour costs in the event of travel time from the farm to field being underestimated, we consider this to be unlikely and do not include in the revised total. Thus the additional cost of spreading using reduced-emission spreading equipment range from £0.52 in the 2009 review to £0.65 in this update. 
4.1. Rapid incorporation of manures
This section applies to both solid manures and slurries, although this is most relevant to solid manures.

To avoid the challenging logistics identified above an extra pass of an incorporation machine could be planned for. Use of such an approach would ensure maximum work rates of all other machines and labour units associated with manure application.  Tractor costs for such an operation would be similar to those identified for the band spreading machines. Incorporation would be typically via a surface cultivator. The running costs of which are shown in Table 7.

Table 7.   Annual and hourly based incorporation costs for a £12,000 cultivator working 200 h per year.

	
	Annual running costs (£)
	Cost per hour (£)
	Cost per ha*
	Cost per m3/tonne**

	Tractor
	26910
	26.91
	15.4
	0.31

	Cultivator depreciation (15%)
	1800
	9
	5.14
	0.10

	Cultivator repairs and maintenance (14% of purchase price)
	1680
	8.4
	4.8
	0.10

	Interest on capital
	270
	1.35
	0.77
	0.02

	Insurance
	120
	0.6
	0.34
	0.01

	Total Cultivator  cost
	2790
	19.95
	11.4
	0.23

	Total package
	
	46.86
	26.77
	0.54


Annual work rate of 1000 hrs for tractor and 200 hours for cultivator * assumed work rate of 1.75 ha/hr 

**Assumed application rate of 50 m3/ 50 tonnes/ha
It would be very difficult to come up with a robust set of assumptions re opportunity cost savings or loss resulting from such a small change in the interval between spreading and incorporation.
4.2. Comparison with the results of the Defra Pilot study (WA0710)
While Creedy used 8% of capital cost to estimate repairs, the Pilot study used 4-5%, this leads to a big difference.
There was a wide range of costs depending on the volume of slurry to be applied and the type of new systems adopted (Table 8). The pre-abatement costs of slurry spreading ranged from £0.26 to £1.59 per m3 slurry. Following adoption of reduced-emission spreading equipment, costs increased to between £0.64 and £3.75 per m3, an overall average increase of 128%. 
The following Table, taken from the Pilot Farms study, reports the estimated spreading costs before and after adoption of the reduced emission slurry spreaders. 

Table 8. Financial costs of slurry management and application procedures before and after adopting ammonia abatement techniques. Annual costs are reported in total for the old and new systems, per m3 slurry generated and per kg1 ammonia abated.

	
	Old system
	New System
	Change
	Total slurry applied (m3)

	
	£ total
	£/ m3
	£ total
	£/ m3
	£ total
	£/ m3
	

	Dairy 1*/Dairy 2*
	15525
	1.12
	10840
	1.18
	-4685
	0.06
	5,600

	Dairy 3
	5430
	0.33
	13963
	0.85
	8533
	0.52
	7,600

	Dairy 4
	2109
	0.58
	5945
	1.63
	3836
	1.05
	4,100

	Dairy 5*
	1100
	0.54
	3662
	1.79
	2562
	1.25
	2,000

	Dairy 7
	2406
	0.78
	5664
	1.83
	3258
	1.05
	5,200

	Pig 1*
	5975
	0.41
	9340
	0.64
	3365
	0.23
	15,500

	Pig 2 *
	7639
	1.59
	8989
	3.75
	1351
	2.15
	4,400

	Pig 3
	2182
	0.26
	5677
	0.68
	3495
	0.42
	9,200

	Pig 4
	3452
	1.55
	8142
	3.66
	4690
	2.11
	5,100

	
	
	
	
	
	
	
	

	Mean
	
	0.80
	
	1.78
	
	0.98
	

	Mean excluding farms with covered stores
	
	0.70
	
	1.73
	
	1.03
	

	
	
	
	
	
	
	
	

	Contractor 1
	
	
	
	
	
	0.27
	

	Contractor 2
	
	
	
	
	
	0.16
	

	Contractor 3
	
	
	
	
	
	6.69
	

	Contractor 4
	
	
	
	
	
	0.23
	

	Contractor Mean
	
	
	
	
	
	1.84
	


*, covered slurry store.

NA, not available from final report
Thus, as can be seen from Table 8, on four of the nine farms studies the additional costs were within the estimate of additional costs made in the 2009 review. There was a general trend for the increase in costs from reduced-application slurry application to decrease with the increased volume of slurry to be spread. 
Table 9. Reduced-NH3 emission spreaders, slurry volumes and additional spreading costs recorded in the Pilot Farms study
	
	Spreader type


	Slurry volume

m3
	Additional cost

£/ m3

	Dairy 3
	Joskin trailing hose
	16,000
	0.52

	Pig 3
	Joskin Injector
	8300
	0.42

	Dairy 4
	Duport Injector
	3500
	1.05

	Dairy 7
	Duport Injector
	3100
	1.05

	Pig 4
	Joskin arable/grass injector tanker
	2200
	2.11

	
	
	
	

	Pig 1*
	Veenhuis 
	14,500
	0.23

	/Dairy 2*
	Duport 4.4 m injector
	6500
	0.06

	Dairy 1*
	Duport 4.4 m injector
	5000
	0.06

	Pig 2 *
	Joskin Injector
	4800
	2.15

	Dairy 5*
	Pichon Injector
	3000
	1.25

	
	
	
	

	Mean
	
	6690
	0.89


*, covered slurry store
This is to be expected as the fixed costs are spread over greater spreading activity. Given the increase in the average size of dairy herds in the UK since the Pilot study was carried out this would be a factor accounting for the smaller estimate of the increase in costs made in the 2009 review. The reduction in interest rates used for the calculation from 8.0 to 4.5% will also have led to a reduction in estimated costs. However, the reduction in length of the depreciation period used in the 2009 review (6 years) compared with the 8-12 years used in the Pilot study report will have tended to balance these reductions. The most likely reason for the difference may be the different estimates of repair and maintenance. Given that the Pilot study estimates were based on actual farm experience, these ought to be considered more robust. However, the Pilot study is now quite old, reduced-NH3 emission spreading equipment is more widely available and hence the costs of maintenance may well have reduced. Moreover, in most cases repair and maintenance costs were only estimated, and hence not inherently more reliable than the estimates made in the 2009 review.

With respect to the estimated costs of slurry application for Contractor 2, the Pilot Farm study report made the point that 'the  difficulty with the injection system is that the hours used are not great enough. If the usage could be increased to 500 hours per year and the working life remained 8 years then the cost per hour would be comparable [to surface application] at about £17.65 per hour [the cost of surface application].

For Contractor 4 using an umbilical grassland injector the only difference in charges was that the equipment was charged at an extra £50 per day. At the daily spreading rate of 33 m-3, this was equivalent to a charge of £1.50 m-3, with an increase in cost of only c. £0.02 m-3.

4.3.1. Maintenance costs reported in the Pilot Farms study
Table 10. Reporting maintenance cost estimated as part of Defra project WA0710

	
	Splashplate
	
	Reduced emission
	

	Contractor 1
	6 year life
	c. £85/ year
	Est 8 years
	Est £185/year

	Contractor 2
	6 year life
	£1,170
	Est 8 years
	£2160

	Contractor 3
	5 year life
	£12,400*
	Est 10 years
	£2640

	Contractor 4
	5 year life
	£50
	Est 3 years
	£666

	
	
	
	
	

	Dairy 1 and 2
	Used injector before
	
	Est 12 years
	Est £1300 (4% of cost)

	Dairy 3
	Umbilical system
	
	Est 8 years
	No estimate

	Dairy 4
	Contractor
	
	Est 10 years
	Est £1175 (5% of cost)

	Dairy 5
	Contractor
	
	Est 10 years
	£799 (4.5% of costs)

	Dairy 7
	20 year life
	£180 (2% cost)
	Est 12 years
	Est £1080 (4% of cost)

	
	
	
	
	

	Pig 1
	Umbilical system 
	£120
	Umbilical Inj  
	Est £480 (4% of cost)

	Pig 2
	10 year life
	£600
	
	Est £950

	Pig 3
	15 year life
	£165
	Est 12 years
	Est £868 (4% of cost)

	Pig 4
	15 year life
	£110 (2% cost)
	Est 10 years**
	Est £960 (4% of cost)

	
	
	
	
	

	Mean
	
	
	
	

	
	
	
	
	

	Poultry 1
	Spread 40-46 ha/day
	
	Spread 12/14 ha/day
	Contractor needed

	Beef 1
	
	
	
	Contractor needed


*umbilical system, spares and repairs estimated at 40% of capital cost

**stony soil
4.4. Capital cost of tanker-mounted reduced-NH3 emission spreaders

Following circulation of the review last year, there was some surprise that we had taken the capital costs of all three types of reduced-NH3 emission machine (TH; TS; Inj) to be the same. However, the information we gathered from vendors indicated there was no clear difference in price among those generic types of machine. The variation was between manufacturers and the detailed specification: bout width etc. The issue was further compounded by offers of discounts to obtain a sale. Insofar as possible we attempted to obtain quotes for machines of similar bout widths, tanker capacity etc. However, this can also be misleading as TH machines are designed to spread over a much greater width than the other machines. This adds to the cost but does provide a greater work rate.

To explore this issue further we report below the information on capital costs we used for the 2009 review, some costs obtained in autumn 2010 and some historic data from the UK Pilot Farms study. 

The table below reports cost information used for the 2009 review. It is grouped to provide an easy comparison of machines from the same supplier with similar specification.

Table 11. Quoted prices for a range of tanker and umbilical mounted band spreaders as at February 2009

	Machine
	Type
	Maker
	Price (£)

	Trailing shoe
	Tanker 5.2 m
	Major
	35,200

	Shallow Injection
	Tanker 5.2 m
	Major
	31,900

	
	
	
	

	Trailing shoe
	Tanker 6.0 m
	Major
	36,300

	Shallow Injection
	Tanker 6.4 m
	Major
	33,000

	
	
	
	

	Trailing shoe
	6 m, to fit on 11,000 L tanker
	Joskin
	28,000

	Shallow injection
	double disc 6 m
	Samson
	28,000

	Trailing shoe
	10,000 L tanker, 7 m 
	Schuitemaker
	41,000

	Trailing shoe
	tanker, 7.5 m
	Hi-Spec
	33,000

	Shallow injection
	to mount on tanker, 4 m
	Spreadwise
	14,000

	
	
	
	

	Trailing shoe, average
	
	
	34,700

	Injector, average
	
	
	26,725

	
	
	
	

	Trailing shoe
	umbilical, 6 m
	Tramspread/Joskin
	13,500

	Shallow injection
	umbilical, 4 m
	Spreadwise
	14,500


These prices do not indicate that TS machines are any less expensive than Inj.

For comparison, tractors were estimated to cost £51,000, conventional splash-plate spreaders £12,000. Given that the cost, and hence depreciation, of tanker-mounted spreaders was not one of the largest factors in determining the cost of slurry spreading it is perhaps not worth exploring this issue much further. 
4.5. Comparison of UK estimates of the additional cost of spreading with costs reported for other countries 

Table 12. Comparison of estimates of the additional cost of reduced-NH3 emission spreaders produced for the UK with those estimated for other countries. Costs are in euros at an exchange rate of 1.2 €/£. 2009 data
	
	UK
	Dk
	Es
	D
	

	Surface
	1.4
	NA
	x
	2.3-5.2
	

	Trailing hose
	2.0
	2.0
	x+1.2*
	NA
	

	Trailing shoe
	2.0
	NA
	x+1.4*
	+1.4-4.1**
	

	Open slot injection
	2.0
	NA
	x+1.0-1.4
	+2.6-5.1**
	

	Deep injection grass
	
	NA
	NA
	NA
	

	Deep injection arable, no crop
	
	2.5
	NA
	NA
	

	Deep injection, arable with crop
	
	3.0
	NA
	NA
	

	
	
	
	
	
	

	Incorporation
	
	72.0/ha
	
	
	

	Incorporation, slurry
	
	
	x+0.6*
	x+0.8
	

	Incorporation, FYM
	0.65
	
	NA
	x+0.9
	

	Incorporation, poultry manure
	
	
	x=0.7-2.5
	x+0.9
	


*From Pineiro et al., 2010

**see information below on effect of slurry volume
The estimates for Spain are for the additional costs only, hence x indicates the cost of surface application.

4.5.1. Work by KTBL on the effect of slurry volume to be spread
Table 13. Results from Dohler and Eurich-Menden, 2004 on the effect of annual slurry production on the costs of reduced-NH3 spreading
	
	500 m3 yr-1
	1000 m3 yr-1
	3000 m3 yr-1

	Splash plate
	5.2
	3.9
	2.3

	Trailing hose
	6.8
	5.5
	3.0

	Trailing shoe
	9.3
	7.5
	3.9

	Open slot injection
	11.7
	8.9
	4.5

	
	
	
	

	Incorporation
	6.0
	4.7
	3.0


Note that the volumes examined range from 500-3000 m3 yr-1. For comparison, the annual volumes reported for the UK Pilot farms study ranged from 2200-16,000 m3 yr-1. The rate of slurry application used in the 2009 review totals 13,500 m3 yr-1, based on an annual workload of 500 h spreading 27 m3 hr-1. Hence it follows that UK estimates of spreading costs, expressed as m-3, would be less than those from other European countries.
4.6. Comparison with GAINS output
Table 14. Comparison of estimates of the cost of abating 1 kg of NH3-N using the unit cost estimates made for the UK in the 2009 with current GAINS output. Farmer-owned machines
	
	Input cost


	Abatement efficiency
	TAN in manure 
	NH3-N conserved 
	UK estimate
	GAINS estimate for UK - 


	
	
	
	
	
	
	high efficiency
	low efficiency

	
	€ m-3
	
	kg m-3
	kg m-3
	€ per kg NH3-N conserved

	Trailing hose, dairy slurry
	0.80
	0.30
	1.3
	0.39
	2.1
	-
	9.9

	Trailing hose, beef slurry
	0.80
	0.30
	2.0
	0.60
	1.3
	-
	12.1

	Trailing hose, pig slurry
	0.80
	0.30
	2.3
	0.69
	1.2
	-
	12.5

	Trailing shoe, dairy slurry
	0.80
	0.60
	1.3
	0.78
	1.0
	4.9
	-

	Trailing shoe, beef slurry
	0.80
	0.60
	2.0
	1.20
	0.7
	6.1
	-

	Trailing shoe, pig slurry
	0.80
	0.60
	2.3
	1.38
	0.6
	5.9
	-

	Slot injection, dairy slurry
	0.80
	0.70
	1.3
	0.91
	0.9
	4.9
	-

	Slot injection, beef slurry
	0.80
	0.70
	2.0
	1.40
	0.6
	6.1
	-

	Slot injection, pig slurry
	0.80
	0.70
	2.3
	1.61
	0.5
	5.9
	-

	Incorporation, dairy FYM
	0.65
	0.90
	0.4
	0.36
	1.8
	10.1
	-

	Incorporation, dairy slurry
	0.65
	0.95
	1.3
	1.24
	0.5
	4.9
	-

	Incorporation, beef FYM
	0.65
	0.90
	0.4
	0.36
	1.8
	10.0
	-

	Incorporation, pig FYM
	0.65
	0.90
	1.3
	1.17
	0.6
	NA
	-

	Incorporation, pig slurry
	0.65
	0.95
	2.3
	2.19
	0.3
	5.9
	-

	Incorporation, layer manure
	0.65
	0.90
	9.0
	8.10
	0.1
	0.7
	-

	Incorporation, broiler manure
	0.65
	0.90
	9.8
	8.82
	0.1
	1.3
	-


Low efficiency is considered an appropriate comparison for application by TH for which the abatement is typically only 30%. All other abatement options have efficiencies of at least 60% and hence may be considered high efficiency options
Table 15. Comparison of estimates of the cost of abating 1 kg of NH3-N using the unit cost estimates made for the UK in the 2009 with current GAINS output. Contractor-owned machines
	
	Input cost


	Abatement efficiency
	TAN in manure 
	NH3-N conserved 
	UK estimate
	GAINS estimate for UK - 

	
	
	
	
	
	
	high efficiency
	low efficiency

	
	€ m-3
	
	kg m-3
	kg m-3
	€ per kg NH3-N conserved

	Trailing hose, dairy slurry
	0.50
	0.30
	1.3
	0.39
	1.3
	-
	9.9

	Trailing hose, beef slurry
	0.50
	0.30
	2.0
	0.60
	0.8
	-
	12.1

	Trailing hose, pig slurry
	0.50
	0.30
	2.3
	0.69
	0.75
	-
	12.5

	Trailing shoe, dairy slurry
	0.50
	0.60
	1.3
	0.78
	0.6
	4.9
	-

	Trailing shoe, beef slurry
	0.50
	0.60
	2.0
	1.20
	0.4
	6.1
	-

	Trailing shoe, pig slurry
	0.50
	0.60
	2.3
	1.38
	0.4
	5.9
	-

	Slot injection, dairy slurry
	0.50
	0.70
	1.3
	0.91
	0.6
	4.9
	-

	Slot injection, beef slurry
	0.50
	0.70
	2.0
	1.40
	0.4
	6.1
	-

	Slot injection, pig slurry
	0.50
	0.70
	2.3
	1.61
	0.3
	5.9
	-


Low efficiency is considered an appropriate comparison for application by TH for which the abatement is typically only 30%. All other abatement options have efficiencies of at least 60% and hence may be considered high efficiency options

The estimated contractor costs have been increased pro-rata to the increase estimated for farm costs, i.e. fro £0.35 m-3 to £0.42.

1

