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A B S T R A C T 

An economic analysis was performed on treatment options for pig manure in Ireland. 

Costs were based on a 500 sow integrated pig farm producing 10,500 m3 of manure per 

year at 4.8 % dry matter. The anaerobic digestion of pig manure and grass silage (1:1; 

volatile solids basis) was unviable under the proposed tariffs, with costs at € 5.2 m-3 

manure. Subsequent solid-liquid separation of the digestate would cost an additional € 

12.8 m-3 manure. The treatment of the separated solid fraction by composting and of the 

liquid fraction by integrated constructed wetlands, would add € 2.8 and € 4.6 m-3 

manure, respectively to the treatment costs. The cost analysis presented showed that 

the technologies investigated are currently not cost effective in Ireland. Transport and 
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spreading of raw manure, at € 4.9 m-3 manure (15 km maximum distance from farm) is 

the most cost effective option. 

 

Keywords: Anaerobic digestion; separation; compost; constructed wetlands; spreading  
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1. Introduction 

 

Traditionally, in Ireland, pig manure (PM) treatment involves land spreading. 

Few pig farmers own sufficient suitable land for utilization of the manure generated on 

their farms. Therefore, they generally supply manure to neighbouring farms, where it 

reduces the need for chemical fertiliser.  

However, since the implementation of the Nitrates Directive Action Plan (S.I. 

610 of 2010), many of the neighbouring farmers who had spread the PM may no longer 

be able to accept it, as the organic nitrogen (N) loading from livestock may be already at 

or approaching 170 kg/ha (the limit set by S.I. 610). Furthermore, the land available for 

spreading will be further restricted from 2013, culminating in 2017, when plant 

available phosphorus (P) will be taken into account whilst calculating the quantity of 

animal manure that can be land spread (S.I. 610 of 2010). As a result, pig farmers in 

Ireland will require an additional ~50% spreadlands than is the case in 2011, with a 

consequential increase in the cost of manure transportation, due to greater distances to 

new spreadlands. 

Therefore, manure treatment strategies other than direct land spreading should 

be considered and exploited if applicable. Previously, the authors investigated some 

options available for pig producers in Ireland.  

Xie et al (2011) investigated the anaerobic digestion (AD) of PM and grass 

silage (GS) under different volatile solids (VS) ratios of PM:GS. Increasing the amount 

of energy produced from renewable energy sources is a stated objective of the EU and 

the Irish Government. In Ireland, new proposed feed in tariffs for selling electricity 

generated using renewable sources are expected to come into effect by the end of 2011. 
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These are aimed at stimulating the implementation of this renewable technology. 

Anaerobic digestion can be a source of income for farmers and might also improve the 

fertiliser value of substrate (Montemurro et al., 2010). However, it does not reduce the 

amount of plant nutrients (N and P). Moreover, in the case of animal manure, which 

will probably be co-digested with other feedstocks, the N and P content of the digestate 

may be even higher than that of the raw manure. Therefore, the problem of manure 

disposal is only replaced with digestate disposal.  

The volume of PM (or digestate) is the most important factor influencing 

transportation costs. Solid-liquid separation by decanting centrifuge (Frost and 

Gilkinson, 2007), the second technology investigated, produces 2 fractions: a 

phosphorus-rich ‘solid’ fraction and a nitrogen-rich (relative to the solid fraction) liquid 

fraction. The solid fraction, due to its higher dry matter (DM) and higher P 

concentration, is cheaper to transport per unit of nutrient and can for example, be 

transported relatively long distances for application on tillage land, where there is a 

requirement for plant available P. The nitrogen-rich liquid fraction can be applied to 

land in the proximity of the pig farm where the soil P status is likely to be adequate or in 

excess of crop requirements.  

Another alternative use for the separated solid fraction of PM is composting. 

The separated solid fraction of PM can be successfully composted with the addition of 

sawdust as a bulking agent (Nolan et al., 2011). An alternative for the treatment of the 

separated liquid fraction is to apply it to Integrated Constructed Wetlands (ICW) 

(Harrington and Scholz, 2010). 

However, to successfully introduce a new treatment technology, information on 

its costs must be available to potential users. This case study proposes to look at the cost 
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of these technologies (Figure 1). Transportation and spreading costs of raw manure are 

also analysed.  

 

2. Material and Methods 

 

2.1 Case study description:  farm characteristics and assumptions for manure treatment 

technologies analysed 

 

The economics of any PM treatment is greatly dependent on the size of the pig 

farm as well as the specific characteristics of each technology. Therefore, to assess the 

costs and benefits of different manure treatment options, the first step was to assemble a 

comprehensive list of basic assumptions. The assumptions used in this case study are 

shown in Table 1 and are described below. 

 

2.1.1 Pig farm  

Costs were calculated based on a case study of a 500 sow integrated pig farm, 

which is the average size for a pig farm in Ireland. The nutrient (N and P) content of PM 

is based on S.I. 610 of 2010. According to this S.I., in an Irish integrated pig farm, one 

sow (plus its progeny) produces 87 kg of N and 17 kg of P per year, with 1 m3 of PM 

containing 4.2 kg of N and 0.8 kg of P. Therefore, one sow produces approximately 21 

m3 of manure per year. Pig manure DM was based on a recent survey of pig farms in 

Ireland and was assumed to be 4.8% (Fiszka, 2010). 

 

2.1.2 Anaerobic digestion  
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Ireland has a suitable climate for grass production, with 4.3 million ha of 

grassland, compared to only 0.28 million ha of arable land. In a previous study, Xie et 

al. (2011) have demonstrated the stability and performance of co-digesting PM with GS 

at different VS ratios at 35 oC. They recommended a ratio for commercial application of 

1:1 PG/GS on a VS basis. The energy output calculations for the AD system, described 

in the present study, are based mainly on the results of this research. The VS removal 

rate achieved was 64.7% with a specific methane yield of 302 ml g VS -1. However, 

according to Blokhina et al. (2011), in order to use laboratory values in a practical 

situation, the measured removal rate should be reduced by 10 %. In addition to this, for 

a conservative estimation of methane yield (Blokhina et al., 2011), another 5 % 

reduction was applied in the present study. Values for the DM and VS/TS ratio of GS, 

and for retention time were also based on Xie et al. (2011). Energy efficiency for the 

combined heat and power (CHP) plant is assumed to be 30% for electricity and 50% for 

heat (NNFCC, 2010). These assumed efficiencies are comparable with figures used in 

other studies (Blokhina et al.; 2011; Monson et al., 2007; Patterson et al., 2007). 

The plant's electrical consumption, also known as the parasitic electricity 

demand of the biogas plant, was based on the energy required per tonne of feedstock fed 

to the digester. It was assumed that 6.0 and 5.4 kWh are required per tonne of GS and 

PM fed, respectively (P. Frost, per com). 

The daily parasitic heat demand ( Q ; kJ day-1) was calculated according to 

Luduvice (2001), as the sum of the heat required to heat the feedstock to 35 oC, plus the 

heat lost through the digester surface:  

 

HTCMQ  1                                                          (1) 
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where M is the daily mass of substrate (kg day-1), C is specific heat of substrate 

(assumed to be equal to that of water = 4.18 kJ kg.oC-1), ΔT1 is the temperature 

difference between the substrate (35oC) and the ambient temperature (taken as 9oC in 

the present study) and H is the heat loss through the digester surface (kJ day-1), defined 

as: 

 

4.862  TAUH                                                      (2) 

 

where U is heat transfer coefficient of the insulation material (rockwool @ 0.34 

J/s.m2.oC), A is the surface area of the digester (m2) and ΔT2 is the difference between 

the internal (35oC) and external (9oC) temperatures. 

 

It was assumed that the effluent volume was similar to the influent volume. 

However, effluent DM (DMe) will be lower than influent DM, as VS are removed in the 

biogas during the AD process. Moreover, because non-volatile solids (ash) do not 

digest, it was possible to calculate the DMe (%) according to: 
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1
                              (3) 

 

where VSr is the volatile solids removal rate (%), VSi is the volatile solids influent load 

(tonnes day-1), TSi is the total solids influent load (tonnes day-1) and Wti is the influent 

load fresh weight (tonnes day-1).   
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2.1.3 Solid-liquid separation of digestate 

For solid-liquid separation of digestate, a decanter centrifuge with a 20 m3 hour-1 

capacity was used in the present study. Working at this capacity, the decanter centrifuge 

will operate for 3 hr day-1 and 256 day year-1. Electrical consumption was calculated 

assuming a continuous absorbed power of 15 kW (P.Fiska; Spomasz, Wrongi, Poland 

‘per com’). The amount of chemicals used during separation (coagulant and flocculant) 

was based on Nolan et al. (2011; Table 1). Dry matter of the digestate to be separated 

was calculated after Eqn. 3. The N load of the digestate (kg day-1) was calculated by 

adding the N load from the influent pig manure and the N load from the influent grass 

silage, as it is assumed that AD will not change the N amount (kg day-1). The efficiency 

of separation for DM and N was based on the mean separation efficiency of a decanter 

centrifuge separating pig manure with the addition of chemicals found in Frost and 

Gilkinson (2007; Table 1). The amount of the solid fraction produced was based on 

Moller et al. (2002; Table 1). 

The size of storage facilities required for the separated fractions (a covered 

concrete shed for the solids and an open slurry tank for the separated liquid) were 

calculated based on a storage requirement of 6 months (after S.I 610 of 2010). The 

covered concrete shed also acts as the composting facility and compost storage area. For 

the solids storage capacity, a bulk density of 498 kg m-3 was assumed (after Nolan et al., 

2011). 

 

2.1.4 Composting of the solid fraction of pig manure 
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The target C:N ratio for compost was 18:1 (after Nolan et al., 2010). The quantity of 

sawdust necessary to achieve the target C:N ratio was calculated using an Excel™ 

Solver spreadsheet with the following set values and constrains: 

1. The daily quantity of solids produced and its DM is the result of calculations 

described in Section 2.1.3. It was assumed that 1 compost pile is formed from solids 

produced during 7 days of separation.   

2. The N content of the separated solid fraction was calculated based on the N load 

and separation efficiency as described in Section 2.1.3.   

3. A research of existing literature did not find any data on decanter centrifuge 

separation efficiency for C, or on the C content of the separated fraction of digested pig 

manure and grass silage. Therefore, the C content of the grass silage that is added 

during the AD process is not accounted for here. The C content of the separated fraction 

of anaerobically digested pig manure only (Troy et al. unpublished data) was used 

instead as an approximation. If the C content of GS was included in the calculations, the 

sawdust required for compost would probably be reduced, making the composting 

process a bit more affordable.  

4. The C, N and moisture content of sawdust was based on Nolan et al. (2011). 

5. The following constraints were applied in the Excel™ programme: the water 

content of mixture was between 40 and 60 %, the C:N ratio was equal to 18 (after Nolan 

et al., 2011) and the sawdust quantity was greater than 1. 

Bulk density values for separated manure, sawdust and for the mixture of 

sawdust and separated pig manure were based on Nolan et al. (2011). In the present 

study, composting was carried out indoors by aerated static piles after Rynk (1992) and 

aeration was provided via blowers attached to perforated pipes on a 30-minute cycle (10 
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minutes on and 20 minutes off). Therefore, no mechanical turning of the pile was 

required. The pile height was assumed to be 3.8 m, and the pile width and spacing 

between piles was equal to half the height (after Rynk, 1992). It is also assumed that a 

mechanical bucket loader is available to construct the compost pile. For calculations on 

the amount of compost produced at the end of the composting period (56 days, Nolan et 

al., 2011), a weight reduction of 50 % was assumed (after Rynk, 1992). The electrical 

consumption of the blower was based on the manufacture’s specifications 

(Vaccumspares, Cobh, Co. Cork, Ireland). 

 

2.1.5 Integrated Constructed Wetlands (ICW) for the treatment of the separated liquid 

fraction of pig manure  

The costs for ICW treatment of the separated liquid fraction of PM were 

calculated based on results from an ICW meso-scale system (Harrington and Scholz, 

2010). The ICW design used in the present study was based on Carty et al. (2008) and 

had 4 cells and an embankment width of 3 m. It was assumed the system can cope with 

a maximum ammonium concentration of 0.2 kg NH4-N t-1 . Therefore, the separated 

liquid fraction discharged from the separator must to be diluted before being released 

into the first ICW pond. Assuming that a recycling system is put in place, application 

rate is equivalent to 74 m3 ha-1 day -1 (Harrington and Scholz, 2010).  

 

2.2 Transport and land-spread of raw pig manure 

 

In Ireland, initial PM storage is usually under the slatted floor of the pig house, 

with a tank depth of 0.5 to 2.5 m (average 1.2m), or in an outdoor tank. Above-ground 
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steel tanks (usually without covers) with a total depth of approximately 4 m are 

commonly used for secondary storage and aeration. In order to be transported and 

spread, the manure is usually removed from the tank by a tractor-drawn vacuum tanker 

of 5 to 12 m3 capacity. The manure is then hauled to the field and spread using a splash 

plate (usually low-trajectory), or a device such as a band-spreader, which places the 

manure in narrow rows on the grass, or by trailing shoe, which places the manure along 

the surface of the soil after parting the grass sward. Less often, the manure may be 

applied (injected) into narrow slots cut into the ground.  

As described in Section 1.1, by 2017 pig farmers in Ireland will require an 

additional ~50 % spread lands than is the case in 2011. Therefore, the transport of raw 

manure for longer distances by truck may become routine. Two manure handling 

scenarios (transport and spreading) were analysed in the present study. In the first 

scenario, a tractor and vacuum tanker is used, while in the second scenario a truck is 

used. In both scenarios, it was assumed that the pig farmer delivers and spreads the 

manure without charge to the customer. This may not always be the case in Ireland, 

where increasingly costumers are starting to incur the costs of transporting and 

spreading. In both scenarios, the use of a contractor is employed. Use of a contractor 

makes the costs more transparent and makes it possible to list each cost component 

individually and accurately (Ishler et al., 2002).  

The following assumptions are made based on observations on manure haulage 

from the Teagasc Moorepark Pig Unit and discussions with pig producers. For the 

tractor and vacuum tanker the following design criteria were used: load size of 11.8 m3 

(2,600 gallons); loading time of 6 minutes; outward travel speed while loaded increases 

with the distance (for a distance from the pig farm to customer farm of 1 km or less, the 
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speed is 20 km hr-1; after that, the travel speed increases by one quarter of the distance); 

return speed is 5 km hr-1 more than the outward journey; hire cost for tractor, tanker and 

operative is € 40 hr-1 and the unloading time is twice the loading time when land 

spreading (for manure DM of 4.8 %). For the truck, the design criteria were: load size 

of 27 m3 (6,000 gallons), loading time of 15 minutes; travel speed while loaded 

increases with distance; return speed is 5 km hr-1 more than the outward journey; hire 

cost for truck and operative is € 72 hr-1; unloading time (discharged into a store) is 

equal to loading time and cost of spreading is € 2 m-3. 

 

3. Results and Discussion 

 

The costs for each technology are tabulated separately. However, most of the 

technologies must be used in combination. For example, composting can only be 

performed after the PM has been separated into its solid and liquid fractions. The solid 

fraction after separation is used for composting. Consequently, to calculate the full cost 

of composting, the costs associated with the separation process must also be included. 

Furthermore, because the initial manure has been separated into its solid and liquid 

fractions, the liquid fraction must also be handled. The liquid fraction will either be 

further treated or land spread and the associated costs must be included.  

The same can be said for the treatment of the liquid fraction using an ICW. 

Treatment is only possible after the liquid manure has been separated into its solid and 

liquid fractions. In this case, the solid fraction also needs to be handled either by 

composting or direct land spreading, and the associated costs must be accounted for. 
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For the calculations of annual costs, described in the sections below, the annual 

repayment per € 1000 borrowed is after Teagasc (2006), assuming an interest rate of 6 

%. 

 

3.1 Anaerobic digestion of pig manure and grass silage  

 

For a 500 sow holding, the total VS load was calculated as 2.04 tonnes VS day-

1(2.47 tonnes TS day-1). The daily load, at 7.3 % DM, was 33.8 tonnes of fresh material 

(28.8 tonnes of PM and 5.1 tonnes of GS). With 41 days retention time (Xie et al., 

2011), the volume of the digester required was 1526 m3 (assuming 10% headspace) and 

the organic loading rate (OLR) was 1.5 kg VS/m3 per day. The biogas storage capacity, 

calculated at 20% of the daily biogas production (DGS and Ecofys, 2005), was 199 m3.  

The gross energy generated by the AD plant was calculated as 5260 kWh/day. 

The CHP power was therefore 66 kWel and 110 kWth continuous. In Blokhina et al. 

(2011), AD of liquid manure (80 %), combined with grass silage (10 %) and maize 

silage (10 %) provided between 67 to 206 kWel.Parasitic electricity demand was 

calculated as 186 kWh day-1 or 12 % of the gross electricity produced by the plant. This 

plant consumption was below the 20 % assumed by Patterson et al. (2011), but above 

the 7 % assumed in Blokhina et al. (2011). As energy will also be required to heat the 

digester, usually in the range 5-60 % of gross energy production (NNFCC, 2010), the 

calculated thermal parasitic demand was 1178 kWh day-1, equivalent to 49.7 % of the 

gross heat produced by the CHP.  

The daily N load being discharged from the AD plant at 138.2 kg was the sum of 

the daily N load of the PM plus the daily N load of the GS, as it was assumed that AD 



 

 - 14 - 

does not affect the amount of N. Therefore, the GS contributes to an increase in the N 

amount of the effluent of 17.4 kg per day, compared to PM (120.8 kg per day). The N 

concentration of the digestate (4.08 kg t-1) was slightly lower than that of raw pig 

manure (4.2 kg t-1).  

 

3.1.1 Investment costs 

The capital costs associated with the co-digestion of PM and GS were calculated 

based on data from DGS and Ecofys (2005) and are shown in Table 2. Total project cost 

(excluding connection to the grid and any other fees associated with construction of the 

66 kWel plant) was calculated at € 411,333 (€ 6,232 /kWel or € 269 /m3). In Blokhina et 

al. (2011), investment costs for a comparable 67 kWel plant amounted to € 278,144; 

while in NNFCC (2010) a total investment of £ 4,000 /kW (€ 4600) or £ 500 /m3 (€ 

570) of digester was necessary. It is, however, not possible to attribute the investment 

cost difference between these three scenarios to any specific component of the AD 

construction, as break down cost are not given for the latter 2 scenarios.  

In Ireland, anyone exporting electricity to the national grid is also responsible 

for the costs associated with grid connection. Costs vary greatly from case to case 

depending on the farm’s import infrastructure (i.e., the capacity of existing cables). If 

the farmer already has a large import infrastructure, his grid connection agreement may 

only require ‘metering infrastructure’ and no cable upgrades may be required. In this 

case, it is possible to export on the same cables that are used for electricity supply. 

However, if the farm’s import infrastructure is poor, a high investment will be required. 

An individual farm could be charged anything from a nominal fee if located in a 

favourable situation (< €10,000) up to € 250,000+ if cables, transformer upgrades etc. 



 

 - 15 - 

are required. Connection to the grid and other fees were estimated to cost € 145,500 in 

the present study. Total capital investment (capital investment plus fees) was therefore 

calculated at € 556,833. 

 

3.1.2. Cost-benefit analyses  

Table 3 shows the costs and benefits for the AD plant. The annual repayments 

per € 1000 borrowed for the project costs (over 15 years) and connection to the grid 

(over 20 years) were based on Teagasc (2006). Annual maintenance costs for AD plant, 

maintenance of the CHP and insurance costs were based on DGS and Ecofys (2005). 

Labour costs were calculated at € 12 hr-1 and the price of GS at € 30 tonne-1. Benefits 

were calculated by adding the revenue generated from the sale of the electricity 

produced and the savings made by displacing a portion of the oil normally used on the 

farm. For the displacement of oil, it was assumed that 40 % of the surplus heat from the 

CHP plant was used to offset heating oil requirements.  

In Ireland, the REFIT III (Renewable Energy Feed In Tariff) was announced by 

the government in 2010, and it is expected that it will be ratified by the EU by the end 

of 2011. In the case of electricity generated from biogas combusted in a combined heat 

and power (AD-CHP) plant smaller than 500 kW (which will be the case for the vast 

majority of farm-based AD plants), electricity will be paid at € 0.15 kWh-1 for a 

minimum period of at least 15 years. For an AD-CHP >500 kW, the tariff is € 0.13 

kWh-1. Therefore, it was assumed that the farm will get € 0.15 kWh-1 exported to the 

grid. In Germany, the equivalent price is € 0.26 kWh-1 (Blokhina et al., 2011).Using 

these assumptions, a pig farm based AD plant in Ireland (66 kWel) co-digesting manure 

generated by 500 sows with GS at a ratio of 1:1 (VS basis) would have an annual cost 
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of € 54,619 (€ 5.2 m-3 manure). However, it is important to remember that in the case of 

an AD plant, economies of scale will apply. As an example, a 2000 sow integrated pig 

farm would require a 264 kWel plant (total capital investment of ~ € 1,238,590; data not 

shown). The payback time in this case would be 16.4 years.  

As a further comparison, if the price paid for the electricity in Ireland was to 

increase to € 0.25 kWh-1 (close to the German case, where the price paid is based not on 

the size of the plant, but on the type of feedstock and heat utilization), the payback time 

would be around 12 and 4.8 years for the 500 and 2000 sow integrated pig farm, 

respectively.  

The break-even point feed in tariff, for a 500 integrated pig farm in Ireland, 

under the conditions described, is € 0.27 kWh-1 (against the € 0.15 kWh-1 currently 

proposed).  For a 2000 pig farm an increase to € 0.18 kWh-1 would be necessary.  

Anaerobic digestion has some other benefits in terms of improvement in the 

fertiliser value of the digestate (Montemurro et al., 2010) and reduction in green house 

gas emissions. However, anaerobic digestion has no impact on the total amount of N 

and P in the digestate. Moreover, in the case of PM, which will be most likely co-

digested with another feedstock, (GS in this example), the N and P content of the 

digested material may be slightly higher than that of the raw manure.  

The costs associated with spreading/treating the digestate still have to be 

incurred after the AD process. One option is to separate the digestate into a solid and 

liquid fraction and treat the solid fraction by means of composting and the liquid 

fraction by application to ICW.  

 

3.2 Solid-liquid separation of pig manure by decanter centrifuge 
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Taking into account the volume of digestate produced daily and the amount of 

coagulant and flocculant used, the total daily volume to be separated was calculated to 

be 39.7 tonnes, a 17.3 % increase on the volume of the original digestate. This volume 

increase was primarily caused by the water required to dilute the flocculant. Digestate 

DM, calculated using Eqn. 3, was 4.0 %. However, due to the addition of water, the DM 

of the material to be separated decreased to 3.4 %. The nitrogen content of the digestate 

was 138.2 kg day-1 (4.08 kg t-1 and 3.48 kg t -1, before and after water addition, 

respectively). The daily amount of solid and liquid fraction produced was 3,152 and 

36,550 kg, respectively, with 30.1 and 1.08 % DM, respectively. The DM of the 

separated solid fraction in Nolan et al. (2011) was between 30 and 38 %, while that of 

the liquid fraction was between 0.2 and 0.3 %. The N transferred to the solid and liquid 

fractions were calculated at 47.6 and 90.7 kg, respectively, which were equivalent to1.4 

and 2.5 kg t-1, respectively. 

The initial investment costs associated with the solid-liquid separation of the 

digestate is described in Table 4. Calculations show that a total investment cost of € 

699,074 was necessary. This includes the capital cost necessary for the separator (€ 

125,000) and construction of storage for the separated liquid (at € 40 m-3) and separated 

solid fractions (at € 240 m-2). Table 4 also shows the calculation for annual operating 

costs. This includes the annual repayment for the decanter centrifuge (over 10 years), 

liquid storage and solid storage (over 20 years). It also includes an annual maintenance 

value for the decanter centrifuge of 3 % of the investment costs and of 1 % for the 

storage facilities. Labour was calculated at € 12 hr-1. 



 

 - 18 - 

The volume of chemicals used during separation was calculated at 8,401 

(coagulant) and 37,062 (flocculant) litres per year. The cost for electrical consumption, 

based on the amount of hours the decanter is being used (768 hours year-1) was also 

included. Therefore, the annual operating cost for the separation process was € 134,127 

(€ 12.8 m-3 of manure treated). 

However, separation is just one step in the treatment process. The solid and 

liquid fractions still need to be land spread or further treated. The costs associated with 

composting the solid fraction and treating the liquid fraction by ICW are now detailed.  

 

3.3 Composting the solid fraction  

 

A daily 1,171.9 kg of sawdust was necessary to compost the separated solid 

fraction of the digestate at a C:N ratio of 18 (solids: sawdust ratio of 2.7, fresh weight) 

in the present study. As each compost pile comprises 7 days of the manure produced, 8 

piles of 89.3 m3 of separated solids and sawdust may be composting at any given time. 

Pile length was calculated at 12.7 m and shed length is 15.7 m (3 m was added to allow 

tractor access). The calculated shed area was ~ 900 m2, therefore the solids storage 

facility, described in Section 3.2.1, was suitable for the compost process. Although 8 

compost piles may be composting at any given time, four blowers should be able to 

provide the aeration necessary as the blowers work in a 30-minute cycle. Therefore, 

with 1 blower providing aeration for 2 piles, each blower may be operational for 960 

minutes day-1.  

The costs of composting the separated solid fraction are presented in Table 5. 

The capital costs associated with the composting include the blowers and the shed 
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construction. However, because the cost associated with the shed construction was 

already accounted for in the separation, it was not included here. It was assumed that 

one blower will have to be replaced every two years (life expectancy of eight years). 

Therefore, the total annual costs for the composting alone (including pipes, 

thermometers, sawdust, blowers, electrical consumption and labour) were calculated as 

€ 36,883. However, for a complete cost analysis, the cost of the separation process also 

needs to be included as the manure can only be composted after separation. The total 

cost was therefore € 171,010.  

With a 50 % weight reduction of the pile (Rynk, 1992), a total of 790 tonnes of 

compost will be produced annually. In Ireland, municipal waste based compost is 

available for collection at a cost of approximately € 30 t-1. In the present study, 

assuming that the farmer would be able to charge € 10 t-1, a yearly revenue of € 7,900 

can be made from the sale of the compost. This reduces the yearly costs of the compost 

treatment to € 28,983 (or € 163,110; including separation costs). 

 

3.4 Treatment of the liquid fraction by integrated constructed wetland 

 

The total N concentration of the separated liquid fraction that is discharged from 

the separator (described in Section 3.2) was 2.48 kg t-1. With approximately 68 % of the 

N content in the separated liquid fraction present in the form of NH4-N (Carney et al., 

2011), the concentration of NH4-N in the undiluted liquid fraction is 1.70 kg t-1. 

Consequently, 274 m3 of water, a dilution rate of 7.5 to 1 (water to separated liquid 

fraction) was needed daily to bring the ammonium levels to 0.2 kg t-1. In Harrington and 

Scholz (2010), the separated liquid fraction before dilution contained ammonium levels 
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between 1.63 and 2.45 kg t-1 and the necessary dilution rate was 16 to 1. The surface 

area required for the ICW was therefore 52,479 m2 (13,120 m2 per cell). This includes a 

25% allowance for extreme rainfall, spillages, overloading and seasonal variation. 

The costs associated with using ICWs to treat the liquid fraction are shown in 

Table 6. The land area required for the ICW construction was around 17.8 acres (7.21 

ha). This could be reduced if the amount of water required to dilute the influent was 

reduced. For example, if the influent only had to be diluted to achieve ammonium levels 

of 0.4 kg t-1 instead of the 0.2 kg t-1, the area required would be halved as well. The 

threshold level of 0.2 kg t-1 is based on Harrington and Scholz (2010), however, while 

the meso-scale approach endeavours to mimic a full-scale ICW, it lacks certain features, 

like a soil liner etc. Therefore, a full-scale ICW might have the potential to treat liquid 

with even higher ammonium levels.  

Total investment costs for the construction of an ICW system capable of treating 

the separated/diluted liquid fraction was calculated at € 403,901 (Table 6). For the 

calculations of annual costs, the annual repayment (inclusive of interest) was included at 

€ 88.00 per € 1000 borrowed (assuming an interest rate of 6% on a loan period of 20 

years, Teagasc 2006). Maintenance was calculated at 1 % of the investment costs and 

labour (€ 12 hr-1) was also accounted for. This gave a total annual cost for the ICW 

alone of € 48,342 (€ 4.6 m-3 of manure treated). However, as it was the case for 

composting, for a complete cost analysis, the cost of the separation process also needs 

to be included as the liquid fraction of the manure can only be put through the ICW 

after separation. Total cost for ICW treatment, including separation, was € 17.4 m-3.  

 

3.5 Landspreading of raw manure 
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Annual costs for transporting and spreading raw PM by tractor and vacuum 

tanker or by truck are shown in Table 7. For a distance of up to 14 km from the pig farm 

to the customer’s farm, the most cost effective way of transporting and spreading is by 

tractor and vacuum tanker. To transport and spread the manure a distance of 14 km from 

the pig farm the cost per m3 of manure was € 4.7 if transported by tractor and € 4.8 if 

transported by truck. For distances longer than 15 km (30 km return journey), 

transporting by truck becomes more cost effective. To transport and spread the manure a 

distance of 30 km from the pig farm, for example, the cost per m3 of manure was € 7.8 

if transported by tractor and € 6.2 if transported by truck (Table 7).  

In a 2001 study of costs of field application of manure in Europe (Huijsmans et 

al., 2004), the cost per m3 of manure applied in Ireland (0.5 and 2 km distance from 

customers’ farm) was estimated to be € 3.6 – 6.3. The higher costs in Huijsmans et al. 

(2004) can be attributed to the lower quantities of manure applied (between 946 and 

2,247 m3 year-1). In the present study, the cost of application was based on a yearly 

manure production of 10,500 m3. For comparable yearly manure production of 2,200 m3 

and distance to a hypothetical customer’s farm of 2 km, the cost for the manure 

application would be € 7.7 m-3.  

 

Conclusions  

The cost analysis shows that the technologies investigated are currently not 

cost effective in the Republic of Ireland compared to conventional landspreading. 

However, in the case of anaerobic digestion, it could be cost effective on large farms 

(2000 sows plus), or if the renewable energy feed in tariff for electricity sold to the 
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grid was increased. For a 500 integrated pig farm the break-even point feed in tariff, 

under the conditions described here, would be € 0.27 kWh-1, instead of the € 0.15 

kWh-1 currently proposed.   
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Figure Captions 

Fig. 1. Illustrative diagram of pig manure treatment options 
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Figure 1. 
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Table 1. Assumptions required to assess the operating costs of the different manure treatment technologies for a 500 sow integrated 
farm in Ireland.  
Parameter Value Unit Reference 

Pig farm    

Pig farm size, integrated unit 500  sow  M. Martin, per com 

Pig manure production 10,500  m3 year-1  S.I. 610 of 2010 

Nitrogen content of manure 4.2 kg m-3 S.I. 610 of 2010 

Phosphorus content of manure 0.8 kg m-3 S.I. 610 of 2010 

Dry matter of pig manure  4.8 % Fiszka, 2010   

Anaerobic Digestion    

Pig manure to grass silage ratio (VS basis) 1:1  Xie et al., 2011 

Pig manure VS/TS ratio 0.74  Xie et al., 2011 

Specific methane yield (at 1:1 VS ratio) a 257.4 m3 CH4 tonneVS-1 Xie et al., 2011 (-15%) 

Volatile solids removal rate a 55 % Xie et al., 2011 (-15%) 

Dry matter of grass silage  21.4 % Xie et al., 2011 

Grass silage VS/TS ratio 0.94  Xie et al., 2011 

Nitrogen content of grass silage (% of DM) 1.6 % of DM Xie et al., 2011 

Retention time 41  days Xie et al., 2011 

Internal digester temperature 35  oC Xie et al., 2011 

Post digestion storage required 2  months DSG 2005 

Calorific value of CH4  36  MJ m-3 Ishikawa et al, 2006 

Plant electricity consumption  6.0  kWh t-1 grass silage fed P. Frost, per com 

Plant electricity consumption 5.4  kWh t-1 pig manure fed P. Frost, per com 

CHP electric output efficiency 30  % NNFCC 10-010, 2010 

CHP thermal output efficiency 50  %  NNFCC 10-010, 2010 

CHP run time 90  % N/A 

Gross energy of heating oil 10.0  KWh l-1 Biomass energy centre, 2011 

Oil boiler efficiency  85  % N/A 

Ambient temperature (2010 Irish average)   9.0  oC Met Eireann, 2010 

Solid-liquid separation     

Decanter centrifuge flow rate 20  m3 hour-1 N/A 

Coagulant addition 3.0  litres m-3 of manure Nolan et al., 2011 

Flocculant addition (0.4% diluted) 17  % of manure volume  Nolan et al., 2011 

kg of solid fraction / kg manure treated  0.079  Moller et al., 2002 

Solid fraction bulking density 498  kg m-3 Nolan et al., 2011 

Separation efficiency for dry matter  70.6  % Frost and Gilkinson, 2007 

Separation efficiency for nitrogen 34.4  % Frost and Gilkinson, 2007 

Decanter continuous absorbed power 15  kW Manufacture (Spomasz, Wrongi, Poland) 

Composting    

Target initial C/N ratio for composting  18.0  Nolan et al., 2011 

Carbon content of separated solid fraction 41.32  % Troy et al., 2011 

Nitrogen content of separated solid fraction 5.01  % Calculated 

Daily amount of solid fraction produced 3152  kg day-1 Calculated 

Dry matter of solid fraction produced 30.1  % Calculated 

Carbon content of sawdust 48.8 %  Nolan et al., 2011 

Nitrogen content of sawdust 0.1  Nolan et al., 2011 

Moisture content of sawdust 15.8  Nolan et al., 2011 

Sawdust bulk density  40  kg m-3 Nolan et al., 2011 

Compost bulk density (Day 0) 339  kg m-3 Nolan et al., 2011 

Blower continuous absorbed power  5.5  kW Manufacture (Vaccumspares, Cork, Ireland) 

Integrated Constructed Wetland    

Maximum influent ammonium concentration  0.20  kg t-1 Harrington and Scholz, 2010 

Nitrogen content of separated liquid fraction produced 2.48  kg t-1 Calculated 
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Daily water necessary for dilution 274  m3 day-1 Calculated 

Ammonium / Total N in separated liquid fraction 0.68  Carne et al., 2011 

ICW loading rate 74  m3 ha-1 day-1 Harrington and Scholz, 2010 

Number of cells (rounded) 4  Carty et al., 2008 

Embankment width  3  meters Carty et al., 2008 
a    Reduction of laboratory yields by 10% and another 5% reduction added for a conservative estimation (Blokina et al., 2010). 
Therefore specific methane yield is 257.4 ml/g VS added (302.8 -15%) and VS removal rate is 55% (64.7-15%). 
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Table 2 - Investment costs associated with the co-digestion of pig manure and grass silage  
 Capital Investment Required  Unit  Cost/unit Total cost 
1. Project costs     
Digester 1526 m3 €57.60 €87,926 

Post digestion storage 533 m3 €46.40 €24,709 

Biogas storage 199 m3 €56.60 €11,235 

CHP unit 66 kW €1,163 €76,745 
Insulation: side 29.4 m3 €650 €19,082 

Insulation: bottom 9.8 m3 €225 €2,203 

Heat pipes    €7,500 
Connection to central heating    €5,000 
Manure pipes    €383 
Pump    €3,000 
Mixer    €6,800 
Flare    €5,000 
Heat exchanger inside digester    €15,000 
Storage of co-substrate (grass silage)    €10,000 
Solids feeder    €40,000 
Pre mixing well (grass silage + manure)    €30,000 
Other equipment and safety    €9,100 
Civil works    €15,000 
 Subtotal    €368,682 
Engineering 7.5 %  €27,651 
Total costs of installation    €396,333 
Project development    €15,000 
Total AD project costs    €411,333 
Total AD project costs (€ m-3)    €269 

Total AD project costs (€ kWe-1)    €6,232 

     
2. Connection to the grid and other fees     
Application fee 1 one off €8,000 €8,000 
Cables 2 km €50,000 €100,000 
MV (medium voltage) metering 1 one off €27,500 €27,500 
Planning permission fee 1 one off €10,000 €10,000 
Subtotal    €145,500 
     
Total capital investment (1 + 2)    €556,833 
Total capital investment (€ m-3)    €365 

Total capital investment (€ kWel
-1)    €8,437 
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Table 3 – Cost benefit analyses associated with the co-digestion of pig manure and grass silage  
Annual costs Required Unit Price/unit Total 
Annual repayments a €104  per €1,000 €411,333 €42,779 

Annual repayments b €88  per €1,000 €145,500 €12,804 

Maintenance (digester) 3.00  % €334,588 €10,038 
Maintenance (CHP) 7884  hours of usage €0.90 €7,096 
Insurance  0.75  % €411,333 €3,085 
Labour 2  hr day-1 €12 €8,760 
Pig Manure 28.8  t day-1 €0 €0 
Grass silage 5.1  t day-1 €30 €55,621 
Total annual costs     €140,182 
Total costs per m3    €13.35 

Annual benefits     
Net electricity that can be sold 1253  kWh day-1 €0.15 €68,604 
Displacement of oil c     

Net kWh heat in 1 litre of oil 8.5  kWh day-1   
Heat used in the unit (40% of residual heat) 476  kWh day-1   
Litres of oil saved  56  litres day-1 €0.83 €16,960 
Total annual benefits    €85,563 
Total benefits per m3    €8.15 

Annual net costs     
Net costs, year     €54,619 
Net costs per m3       €5.2 
 a over 15 years for project costs; b over 20 years for grid connection and other fees;  c by using 40% of 
residual heat in the unit 
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Table 4- Annual costs associated with solid-liquid separation 
Capital Investment Required  Unit  Cost/unit Total cost 
Decanter Centrifuge  1  unit €125,000 €125,000 

Storage for liquid after separation 6670  m3 €40 €266,813 

Storage for solid after separation 1155  m2 €240 €277,261 
Total capital investment    €669,074 
Annual costs     
Annual repayments  (decanter centrifuge) €137  per €1000  €17,125 
Annual repayments (liquid storage) €88 per €1000  €23,480
Annual repayments  (solid storage) €88  per €1000  €24,399 
Maintenance (decanter) 3  %  €3,750 
Maintenance (liquid storage) 1  %  €2.668 
Maintenance (solid storage) 1  %  €2,773 
Labour 2  hr day-1 €12 €8,760 
Flocculant 8401  litres year-1 €3.87 €32,511 
Coagulant 37062  litres year-1 €0.46 €17,049 
Calculations for energy input:     
Electricity consumed  11520  kWh year-1 €0.14 €1,613 
Total annual costs     €134,127 

Total costs per m3       €12.8 
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Table 5 - Annual costs associated with composting   
Capital Investment Required Unit  Cost/unit Total cost 
Blower  4 units €1,950 €7,800 

Shed for compost a 900 m2 €240 N/A 
Total capital investment    €7,800 
Annual costs     
Number of pipes needed for all cells 24 6m lengths €23 €552
Thermometers 2 units €250 €500 
Sawdust 428 tonnes €35 €14,971
Blower 0.5 unit €1,950 €975 
Blower consumption  48180 kWh year-1 €0.14 €6,745 
Labour 3 hr day-1 €12 €13,140 
Total annual costs     €36,883 

Total costs per m3    €3.51 
Total annual costs (including separation costs)    €171,010 

Total costs per m3 (including separation costs)    €16.29 
Annual benefits     
Total compost produced/year 790 tonnes €10 €7,900 
Annual net costs     
Net costs, year    €28,983 

Net costs per m3    €2.8 
Net costs, year (including separation costs)    €163,110 

Net costs per m3 (including separation costs)       €15.6 
a Costs for solid storage after separation is already accounted for under separation costs.  
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Table 6 – Annual costs associated with integrated constructed wetlands  
Capital Investment Required Unit Cost/unit Total cost 

Land required 17.8 acre €8,000 €142,499 
Storage for liquid fraction (after separation) a 6670 m3 €40 N/A 

Excavation work 72115 m2 €2 €144,230 

Pumps (recycling) 1 unit €10,000 €10,000 
Plants 72115 m2 €1.30 €93,750 

Pipes 4 6 metres length €16.50 €66 
Recycling pipes 66 units €16.50 €1,095 
Joints 5 unit €8.37 €42 
Timer for the pump 1 unit €220 €220 
Design   €5,000 €5,000 
Site investigation   €5,000 €5,000 
Topographical survey   €2,000 €2,000 
Total capital investment    €403,901 
Annual costs     
Annual repayments €88 per €1,000 €403,901 €35,543 
Maintenance 1 % €403,901 €4,039
Labour 2 hr day-1 €12 €8,760 
Total annual costs    €48,342 
Total costs per m3    €4.6 
Total annual costs (including separation costs)    €182,469 
Total costs per m3 (including separation costs)    €17.4 
a Costs for liquid storage after separation is already accounted for under separation costs.  
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Table 7– Annual costs associated with raw pig manure transport and spreading by tractor and vacuum 
tanker and by truck for a 500 sow integrated pig farm  

Distance to 
customer’s 

 farm 
(Km) 

Tractor 
outward 

speed 
(km h-1) 

Tractor 
annual 
costs 
(€) 

Tractor 
(€ m -3) 

 
 

Truck 
Outward 

Speed 
(km h-1) 

Truck 
annual 
costs 
(€) 

Truck 
(€ m -3) 

 
 

1 20.00 13,877 1.3 45.0 36,048 3.4 
2 20.50 16,936 1.6 45.0 37,220 3.5 
5 21.25 25,824 2.5 45.0 40,736 3.9 
10 22.50 39,427 3.8 47.5 46,006 4.4 
14 23.50 49,350 4.7 48.5 50,150 4.8 
15 23.75 51,711 4.9 48.8 51,161 4.9 
20 25.00 62,860 6.0 50.0 56,070 5.3 
30 27.50 82,334 7.8 52.5 65,216 6.2 
50    57.5 81,213 7.7 
75    60.0 101,591 9.7 
100    60.0 123,830 11.8 
125    60.0 146,068 13.9 
150    60.0 168,306 16.0 
200    60.0 212,782 20.3 
500    60.0 479,641 45.7 

 


