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1 Introduction

The purpose of this report is to provide information on the additional costs incurred by farmers for measures to abate ammonia emissions for livestock systems. 

The information is intended to be used to contribute to the calculation of the most efficient methods of reducing ammonia emissions from Spanish farms.  

The costs shown in this report relate to the extra costs for farmers with production and management systems that are typical for the country.  For each abatement technique the typical (or reference system) is described in addition to the changes that needed in order to reduce emissions.  

The information has been prepared at the request of Spanish Ministry of the Environment and Rural and Marine Affairs.

Considerable advice and assistance has been provided by a number of technical experts, machinery and building manufacturers and suppliers, and by farmers and contractors during the course of the preparation of these costing.

The calculations have been carried out according to the methodology set out in the IPPC Reference Document on Best Available Techniques for Intensive Rearing of Poultry and Pigs, 2003.
2 Methodology
2.1 Overview

The calculation of unit cost requires a clear understanding of:

· The proposed techniques to be introduced to reduce emissions

· The whole range of systems of production and management that are found on affected farms in the country concerned.

· The impact that the introduction of the technique will have on particular farm production and management systems in both physical and financial terms.
2.2 Categories of techniques
Techniques applicable to the intensive livestock sector of the agricultural industry may be described by one of the following categories:

· Feed

· Housing

· Manure and slurry storage

· Treatment of manure

· Application of manure to land

2.3 Calculation of unit costs
Unit costs are the annual increase in costs that a typical farmer will bear as a result of introducing a technique. The general approach to the calculation of unit costs is as follows:

· Define the physical and husbandry changes resulting from implementation of the abatement technique based on a thorough understanding of current farming systems.

· For each technique, identify those areas where costs or performance changes will be associated with the introduction of that technique.

· In all cases, only those costs directly associated with the techniques should be considered.

· As the assessment of costs is at farm level, any grants that are available should be deducted from expenditure.

The category that techniques fall into will determine the physical units that are used to define the population or quantities of manure, and from the basis of subsequent calculations. The relationship can be seen from the following table.

Table 1. ‘Units’ Used for Assessing Costs
	Category
	‘Units’/Year
	Details

	Feed and housing
	Per head
Per kg NH3
Per kg pig produced
	Building capacity

	Manure and slurry storage
	m3 or tonnes
Per kg NH3
Per kg pig produced
	Liquid slurry (including dilution) and solid manure (including bedding)

	Manure and slurry treatment
	
	

	Manure and slurry application
	
	


Unit costs should be calculated according to the general approach described below:

· Current cost should be used for all calculations

· Capital expenditure, after deducting any grants, should be annualised over the economic life of the investment.

· Annual running costs should be added to the annualised cost of capital

· Changes in performance have a cost and should be taken into account

· This total sum is divided by the annual throughput to determine the ‘unit cost’
Annual cost is expressed by the ‘units’ shown in Table 1.

For pig production, costs are also expressed as € per t pig produced with the next assumptions for the calculations:

· Equivalences:

· 1 sow productive place produces 20.00 pigs marketed/year 

· 1 gestating place produces 26.60 pigs marketed/year

· 1 lactating place produces 80.00 pigs marketed/year

· 1 nursery place produces 5.79 pigs marketed/year

· 1 grower place produces 2.94 pigs marketed/year

· 1 pig marketed produces 1.25 m3 of slurry

· Pig marketed = 100 kg body weight

2.4 Basis of the annualisation of capital expenditure
The calculation of the annual cost of capital items has been based on the following criteria:
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Were:   C = Capital cost


r = Interest rate  


n = Write off period (years)

Based on an amortisation rate of 5% which is the current rate of interest commonly incurred by farmers seeking medium term loans.

Write off periods according to investment type as set out in Table 2.

Table 2.  Capital write off periods
	Category
	Write off period Years
	Interest rate at 5%

	New buildings
	20
	0.080

	Equipment installed in buildings 
	10
	0.130

	Machinery (depending on type) 
	
	

	either
	7
	0.173

	or
	5
	0.231


These figures reflect the economic life over which the investment should be considered rather than operational life. Annual cost for repairs is based in the estimations carry out by Nix, 2003.

3 Results

3.1 Feeding strategies
3.1.1 Pig production

Feeding Techniques

Phased feeing of growing pigs (excluding feed cost)

· Reference system

Growing and finishing pigs are fed one ration in each building. In most cases growing and finishing pigs are housed together and therefore fed a unique ration. 

· Proposed system

The fitting of an additional feed storage bin and distribution system to each house to allow pigs to be fed a ration containing a protein level more precisely matched to their requirements. The use of such feeds may provide cost and feed conversion ratio improvements. 

· Technical description

Building capacity: 720 places

Feed storage bin: 12 tonnes

Distribution auger: 140 metres

Power requirements: 1 kwh

Time for motor: 3 hours per day

· Assumptions for the calculations

Silo life: 10 years

Auger life: 5 years

Repairs: 2% of investment cost 

Interest rate: 5%

Power cost: 0.12 €/kwh 

· Calculation of cost (excluding feed)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Storage bin investment cost
	€
	1554
	

	Auger investment cost
	€
	3500
	

	Annual cost
	
	
	

	Amortization of bin
	place
	
	0.28

	Amortization of auger.
	place
	
	1.12

	Repairs
	place
	
	0.14

	Power
	place
	
	0.23

	Total
	place 
	
	1.77


· Calculation of cost (per kg pig produced)

Occupation days (20 – 100 kg) = 124 days 

Nº de rotations per year: 365/124 = 2.94 rotations per place per year

Pig marketed = 100 kg body weight

Production per place: 294 kg pig per place per year 

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	1.77
	0.0060


Phased feeing of growing pigs (including feed cost)

· Reference system

Growing and finishing pigs are fed one ration in each building. In most cases growing and finishing pigs are housed together and therefore fed a unique ration. 

· Proposed system

The fitting of an additional feed storage bin and distribution system to each house to allow pigs to be fed a ration containing a protein level more precisely matched to their requirements. The use of such feeds may provide cost and feed conversion ratio improvements. 

· Technical description

Building capacity: 720 places

Feed storage bin: 12 tonnes

Distribution auger: 140 metres

Power requirements: 1 kwh

Time for motor: 3 hours per day

· Assumptions for the calculations

Silo life: 10 years

Auger life: 5 years

Repairs: 2% of investment cost 

Interest rate: 5%

Power cost: 0.12 €/kwh 

Price difference between feeds: 2 €/t

Phase duration 20-60 kg: 55 days

Phase duration 60-100 kg: 45 days

Feed consume 20-60 kg: 1.4 kg/pig and day

Feed consume 60-100 kg: 2.2 kg/ pig and day

Ratio occupation building: 85% 

Cleaning and disinfections: 10 days

· Calculation of cost (including feed)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Storage bin investment cost
	€
	1554
	

	Auger investment cost
	€
	3500
	

	Annual cost
	
	
	

	Amortization of bin
	place
	
	0.28

	Amortization of auger.
	place
	
	1.12

	Repairs
	place
	
	0.14

	Power
	place
	
	0.23

	Feed
	place
	
	-0.25

	Total
	place
	
	1.52


· Calculation of cost (per kg pig produced)

Occupation days (20 – 100 kg) = 124 days 

Nº de rotations per year: 365/124 = 2.94 rotations per place per year

Pig marketed = 100 kg body weight

Production per place: 294 kg pig per place per year 

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	1.52
	0.0052


Low protein diet

· Reference system

Growing and finishing pigs are fed with surplus of protein to cover amino acid needs: 19% crude protein between 20 y 60 kg live weight and 16% crude protein between 60 y 100 kg live weight.

· Proposed system

To feed with a low protein diet (16.5% crude protein between 20 and 60 kg live weight and 13.5% crude protein between 60 y 100 kg live weight) and supplemented with synthetics amino acids.

· Technical description

Building capacity: 720 places

· Assumptions for the calculations

Phase duration 20-60 kg: 55 days

Phase duration 60-100 kg: 45 days

Feed consume 20-60 kg: 1.4 kg/pig and day

Feed consume 60-100 kg: 2.2 kg/ pig and day

Ratio occupation building: 85% 

Cleaning and disinfections: 10 days

· Prices evolution
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Data: PigCHAMP Pro-Europa

· Calculation of cost
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· Calculation of cost (per kg pig produced)

Occupation days (20 – 100 kg) = 124 days 

Nº de rotations per year: 365/124 = 2.94 rotations per place per year

Pig marketed = 100 kg body weight

Production per place: 294 kg pig per place per year 

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	1.61
	0.0053

	-1.92
	-0.0064


Animal housing. Gestating sows

Partial slat and reduced pit

· Reference system

Total slat and deep pit (more than 60 cm). 

· Proposed system

Pit reduction (50% width).

· Technical description

Building capacity: 230 places

Building surface: 460 m2 

Floor: 50% concrete slat

Pit: rectangular section. 60 cm average deep

· Assumptions for the calculations

Pit life: 10 years

Repairs: 1% investment costs

Interest rate: 5% annual

Disassembly and assembly facilities: 3770.0 €

Pit reformation: 1386.0 €

Concrete for the pits: 4819.5 €

· Calculation of cost

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	9369.5
	

	Annual cost
	
	
	

	Amortization
	place
	
	5.27

	Repairs
	place
	
	0.41

	Total
	place
	
	5.68


For existing building, it is advisable to consider a security economic margin of 20% (the existing conditions can be less favourable than the example). For new building, the reduced pit cost is the same than the reference system. 

· Calculation of cost (per kg pig produced)

% gestating sows = 75% productive sows

Sow production = 20 pigs (100 kg) per sow per year

Pig marketed = 100 kg body weight

Production per place: 2000 kg pig/0.75 = 2666 kg pig per gestating place

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	5.68
	0.0021

	6.83
	0.0030


Littered system

· Reference system

Total slat and deep pit (more than 60 cm). 

· Proposed system

To change the total slat for solid floor, and add straw. It is necessary to build a dunghill (60 m2) to store waste litter until the field application. 

· Technical description

Building capacity: 30 places

Building surface: 42 m2 

Floor: 100% slat

· Assumptions for the calculations

Concrete solid floor life: 10 years

Dunghill life: 15 years

Repairs (for both): 1% investment costs

Interest rate: 5%

Straw cost: 0.04 – 0.10 €/kg

Straw need: 2.92 kg per sow and week

Ratio occupation building: 85%

Manpower: 2 hour per week (manual); 0.78 h per week (mechanized)

Manpower cost: 15 € per hour (manual); 30 € per hour (mechanized with tractor and fuel)

Slurry produced per sow: 2.50 m3 per place per year

Slurry application cost: 0.70 €/m3
Pit need: 25.2 m3
Pit construction cost: 10 €/m3
· Calculation of cost (existing buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	
	
	

	Floor substitution
	€
	1120
	

	Dunghill construction
	€
	3412
	

	Annual cost
	
	
	

	Floor amortization
	place
	
	4.83

	Dunghill amortization
	place
	
	10.96

	Floor repairs
	place
	
	0.37

	Dunghill repairs
	place
	
	1.14

	Straw
	place
	
	5.16 - 12.90

	Manpower (manual)
	place
	
	52

	Slurry application
	place
	
	-1.75

	Total
	place
	
	72.71 -  80.45


· Calculation of cost (new buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	
	
	

	Dunghill construction
	€
	3412
	

	Annual cost
	
	
	

	Dunghill amortization
	place
	
	10.96

	Dunghill repairs
	place
	
	1.14

	Straw
	place
	
	5.16 - 12.90

	Manpower (mechanized)
	place
	
	40.50

	Pit cost
	place
	
	-8.40

	Slurry application
	place
	
	-1.75

	Total
	place
	
	47.61 -  55.35


· Calculation of cost (per kg pig produced)

% gestating sows = 75% productive sows

Sow production = 20 pigs (100 kg) per sow per year

Pig marketed = 100 kg body weight

Production per place: 2000 kg pig/0.75 = 2666 kg pig per gestating place

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	72.71
	0.0273

	80.45
	0.0302

	47.61
	0.0179

	55.35
	0.0208


Frequent manure removal

· Reference system

Total slat and deep pit (more than 60 cm). Pit is emptied when is full.

· Proposed system

To empty the pit weekly.

· Calculation of cost

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	0
	

	Annual cost
	place
	
	0

	Total
	place
	
	0


· Calculation of cost (per kg pig produced)

% gestating sows = 75% productive sows

Sow production = 20 pigs (100 kg) per sow per year

Pig marketed = 100 kg body weight

Production per place: 2000 kg pig/0.75 = 2666 kg pig per gestating place

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	0
	0


Animal housing. Lactating sows

Combination of a water and manure channel

· Reference system

Total slat and deep pit (more than 50 cm). 

· Proposed system

The manure pit is split up into a wide water channel at the front and a small manure channel at the back.

· Technical description

Building capacity: 120 places
Building surface: 684 m2 
Floor: 100% slat
New pit with two channels (water channel and manure channel)
· Assumptions for the calculations

Pit life: 10 years

Repairs: 2% investment costs

Interest rate: 5% annual

m2 brick partition: 20 €/m2
Disassembly and assembly facilities (12 places): 1080 €

· Calculation of cost (existing buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	13440
	

	Annual cost
	
	
	

	Amortization
	place
	
	14.50

	Repairs
	place
	
	2.24

	Total
	place
	
	16.74


For existing building, it is advisable to consider a security economic margin of 20% (the existing conditions can be less favourable than the example). 

· Calculation of cost (new buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	2640
	

	Annual cost
	
	
	

	Amortization
	place
	
	2.85

	Repairs
	place
	
	0.44

	Total
	place
	
	3.29


· Calculation of cost (per kg pig produced)

% lactating sows = 25% productive sows

Sow production = 20 pigs (100 kg) per sow per year

Pig marketed = 100 kg body weight

Production per place: 2000 kg pig/0.25 = 8000 kg pig per lactating place

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	16.74
	0.0021

	20.09
	0.0025

	3.29
	0.0004

	3.95
	0.0005


Manure pan underneath

· Reference system

Total slat and deep pit (more than 50 cm). 

· Proposed system

A board with a very smooth surface is placed under the slatted floor.

· Technical description

Building capacity: 120 places
Building surface: 684 m2 
Floor: 100% slat
· Assumptions for the calculations

Pit life: 10 years

Repairs: 2% investment costs

Interest rate: 5% annual

m2 brick partition: 20 €/m2
Disassembly and assembly facilities (12 places): 1080 €

Concrete + PVC sheet (for pit): 1407 €/12 places

· Calculation of cost (existing buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	24869
	

	Annual cost
	
	
	

	Amortization
	place
	
	26.84

	Repairs
	place
	
	4.14

	Total
	place
	
	30.98


· Calculation of cost (new buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	14070
	

	Annual cost
	
	
	

	Amortization
	place
	
	15,18

	Repairs
	place
	
	2,34

	Total
	place
	
	17,52


· Calculation of cost (per kg pig produced)

% lactating sows = 25% productive sows

Sow production = 20 pigs (100 kg) per sow per year

Pig marketed = 100 kg body weight

Production per place: 2000 kg pig/0.25 = 8000 kg pig per lactating place

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	30.98
	0.0039

	37.18
	0.0046

	17.52
	0.0022

	21.02
	0.0026


Animal housing. Weaners

Manure channel with sloped floor

· Reference system

Total slat and deep pit (more than 65cm). 

· Proposed system

A sloped floor to separate faeces and urine is placed under the slated floor.

· Technical description

Building capacity: 1.320 places

Number of rooms: 11
Building surface: 500 m2 
Floor: 100% slat
Pit: sloped floor
· Assumptions for the calculations

Pit life: 10 years

Repairs: 2% investments cost

Interest rate: 5% annual

m2 brick partition: 20 €/m2
PVC sheet (for pit): 8.35 €/m2
Disassembly and assembly facilities (per room): 275 - 1375 € (function of installation characteristic and material of panels and slat).

Pit cost for new installations (with sloped floor): 0 € to +30% 

Pit cost for existing installations (with sloped floor): 6960.36 € (in this building)

· Calculation of cost (existing buildings with collapsible PVC pens)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	11258
	

	Annual cost
	
	
	

	Amortization
	place
	
	1.10

	Repairs
	place
	
	0.17

	Total
	place
	
	1.27


· Calculation of cost (existing buildings with fixed metallic pens)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	23558
	

	Annual cost
	
	
	

	Amortization
	place
	
	2.31

	Repairs
	place
	
	0.36

	Total
	place
	
	2.67


· Calculation of cost (new buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	0 a 2088
	

	Annual cost
	
	
	

	Amortization
	place
	
	0 a 0.20

	Repairs
	place
	
	0 a 0.03

	Total
	place
	
	0 a 0.23


· Calculation of cost (per kg pig produced)

Occupation days: 63 days

Nº de rotations per year: 365/63 = 5.79 rotations per place per year

Pig marketed = 100 kg body weight

Production per place: 579 kg pig per place per year

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	1.27
	0.0022

	2.67
	0.0046

	0
	0

	0.23
	0.0004


Animal housing. Growers-finishers

Partial slat

· Reference system

Total slat and deep pit (more than 70cm). 

· Proposed system

To install a slated floor (2/3 slat floor and 1/3 solid floor).

· Technical description

Building capacity: 1440 places
Building surface: 1450 m2 
Floor: 75% slat
Pit: rectangular section. 70 cm average deep
· Assumptions for the calculations

Solid floor life: 10 years

Repairs: 2% investment costs

Interest rate: 5% annual

Disassembly and assembly facilities (per room 120 places): 2540 €

m2 brick partition: 20 €/m2 
Concrete solid floor: 15 €/m2
· Calculation of cost (existing buildings)

	
	Units
	Capital cost (€)
	Total costs (€/unit)

	Investment cost
	€
	34820
	

	Annual cost
	
	
	

	Amortization
	place
	
	3.13

	Repairs
	place
	
	0.48

	Total
	place
	
	3.61


For existing building, it is advisable to consider a security economic margin of 20% (the existing conditions can be less favourable than the example). For new building, the reduced pit cost is the same than the reference system. 

· Calculation of cost (per kg pig produced)

Occupation days: 124 days

Nº de rotations per year: 365/124 = 2.94 rotations per place per year

Pig marketed = 100 kg body weight

Production per place: 294 kg pig per place per year

	Cost (€ per place and year)
	Cost (€ per kg pig produced)

	3.61
	0.0123

	4.33
	0.0147

	0
	0


Spreading techniques

Slurry application by trailing hose machines

· Reference system

The application of slurry to land using a vacuum slurry tanker and splash plate (without incorporation).

· Proposed system

The fitting of a mounted trailing hose system to an existing slurry tanker.

· Technical description

Tanker: 15.000 litres

Working width: 12 metres

Tractor power: 150 cv

Work rate: 19 m3 per hour. Same than reference system

· Assumptions for the calculations

Machine life: 6 years

Interest rate: 5% annual

· Calculation of cost

	
	
	
	Total costs (€/unit)

	
	Units
	Capital cost (€)
	2500 places

 growers-finishers pigs1 

	Investment cost
	€
	18000
	

	Annual cost
	
	
	

	Amortization
	m3
	
	0.66

	Repairs
	m3
	
	0.42

	Total
	m3
	
	1,08


1Slurry produced (5375 m3/year); Repairs (12.82% investment cost, Nix, J. 2003)

· Calculation of cost (per kg pig produced)

Slurry production per sow (one-site pig farm): 25 m3 per year

Sow production: 20 pigs (100 kg) per sow per year

Pig marketed = 100 kg body weight

80 kg pig per m3 slurry

	Cost (€ per m3 and year)
	Cost (€ per kg pig produced)

	1.08
	0.0135
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