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Abstract 15 

Agriculture accounts for over 99% of ammonia emissions across the Republic of Ireland. 16 

Additionally, the country has not met emissions targets as set down under the EU National 17 

Emissions Ceilings Directive. This research explores the cost-effectiveness of a suite of 18 

ammonia mitigation measures relevant to animal based agriculture that pre-dominated 19 

across the Republic of Ireland and under three economic activity scenarios (i.e. business as 20 

usual scenario, low activity and high activity levels, and three technology adoption rates (i.e. 21 

low, moderate and high) over the 2022 to 2030 period. Findings show the significant influence 22 

of assumptions about future agricultural activity and adoption rates on emissions projections, 23 

emphasising the importance of these uncertainties when assessing the ability to achieve 24 

ammonia emission reduction targets. From the 13 mitigation measures examined for bovine, 25 

pigs, poultry farms, the potential ammonia mitigation ranged from 0.03 (Reducing Crude 26 

protein in pigs diet – medium adoption) to 13.22 (Low Emissions Slurry Spreading, Bovine -27 

high adoption) kilotonnes over the study period. The use of protected urea, clover 28 

establishment in intensive dairy farms, and reduction of crude protein in bovine and pig diets 29 

were found to be cost-negative in all three economic activity scenarios. Finally, medium and 30 

high technology adoption rates assumed in this study will allow the Republic of Ireland to 31 

abate a sufficient quantity of ammonia to comply with the EU NEC Directive limits under the 32 

business as usual and low economic activity scenarios. However, without highest technology 33 

adoption rates assumed in this study, meeting the EU NEC Directive ammonia target is 34 

unachievable across all economic activity scenarios.  35 

 36 
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1.0 Introduction 40 

 41 

The Republic of Ireland (henceforth called Ireland) and other European countries have 42 

committed to reducing emissions of ammonia (NH3) under the European Union's National 43 

Emission Ceiling (NEC) Directive (2016/2284/EU) (EC, 2016). This Directive implements the 44 

Gothenburg Protocol targets (part of the Convention on Long-Range Transboundary Air 45 

Pollution; CLRTAP) for EU Member States. In 2020, the NEC Directive established new national 46 

emission reduction commitments for each EU Member State, according to which Ireland is 47 

obliged to reduce its NH3 emissions by 1% between 2021 and 2030 and by 5% post-2030 on 48 

the 2005 emission level (EPA, 2022). Ireland has breached its previous EU NEC Directive limits 49 

in seven of the ten reporting years and after a new directive introduced breached again in 50 

2021. Furthermore, in January 2023, the European Commission issued an infringement notice 51 

to Ireland for not meeting the NECD requirements (EPA, 2023).  52 

Simultaneously, EU Member States must comply with the EU Habitats Directive (92/43/EEC) 53 

to preserve biodiversity and undertake measures to maintain or restore natural habitats and 54 

wild species. Recent reporting under the EU Habitats Directive highlighted declining 55 

conditions in sensitive Irish habitats (National Parks & Wildlife Service, 2019). Moreover, a 56 

recent integrated policy analysis from de Vries et al. (2021) concluded that a reduction in N 57 

inputs of 59% may be necessary for Ireland to protect its water, air and biodiversity. Similarly, 58 

a United Nations Economic Commission for Europe (UNECE) report confirmed that a 59 

reduction of 30-50% in NH3 emissions is required in UNECE countries to avoid damage to 60 

ecosystems and health (UNECE, 2020). 61 

In 2020, agricultural NH3 emissions in Ireland rose to 123.4 kt, exceeding the 2005 level by 62 

3.1%. Ireland's 2020 target, as per the NECD, was a 1% reduction from the 2005 baseline. 63 
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Animal manures produce about 90% of ammonia emissions, while chemical fertilisers account 64 

for the remainder (EPA, 2022). It is estimated that approximately 12.3 per cent of the nitrogen 65 

in animal manures and 2.6 per cent of nitrogen in chemical fertilisers is lost to the atmosphere 66 

as NH3 on average (EPA, 2022). 67 

Ammonia is an air pollutant and an indirect source of greenhouse gas (GHG) in the form of 68 

nitrous oxide (N2O). In agriculture, NH3 volatilisation represents a loss of nitrogen (N) from 69 

the system and has negative impacts on the environment through wet and dry deposition, 70 

causing acidification and eutrophication of natural ecosystems (Cameron et al., 2013). In the 71 

atmosphere, NH3 plays a key role in the formation of fine particulate matter (PM2.5), which is 72 

considered a major environmental risk to human health (Hristov, 2011; Stokstad, 2014). 73 

As methodologies improved over the years due to more refined emission factors and access 74 

to more detailed activity data, the quantification of NH3 emission inventories has improved. 75 

This has indicated that total quantities emitted have increased globally. Agriculture accounts 76 

for between 80 and 90% of total NH3 emissions globally and the contribution from synthetic 77 

fertiliser has increased from circa 1.9 to 16.7 megatonnes NH3-N yr-1 between 1961 and 2010 78 

(Xu et al., 2019). 79 

Agriculture is responsible for virtually all of Ireland's NH3 emissions (99.4%; Hyde et al., 2022). 80 

Despite, the use of synthetic fertiliser decreasing by 16.4% between 1990 and 2020 (Hyde et 81 

al., 2022), emissions of NH3 increased by 12.3%, driven by increased livestock populations and 82 

associated manure management practices.. Ammonia also remains the main loss pathway for 83 

reactive nitrogen (Nr) in agricultural systems (Burchill et al., 2016), where Nr is biologically, 84 

photochemically and radiatively active and can cause negative impacts via eutrophication 85 

and/or acidification of ecosystems and waterways. 86 
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Ammonia mitigation is a key challenge for agriculture, not only in Ireland but throughout the 87 

EU. In 2019, agriculture was responsible for between 81% (Portugal) and 99% (Ireland) of 88 

national NH3 emissions within the EU-28 (Eurostat, 2021a). Simultaneously, Ireland reported 89 

the ninth highest national NH3 emissions level in absolute terms despite its relatively small 90 

area and population size, highlighting the large agricultural emission base. However, Ireland 91 

is not the only EU Member State grappling with compliance with the NEC Directive. Out of 28 92 

EU member states, 14 countries received formal notice from the European Commission in 93 

January 2023 noting non-compliance and calling to respect their emission reduction 94 

commitments as required by Directive 2016/2284 (EPA, 2023). Only nine EU member 95 

countries are projected to comply with the 2030 commitment period (EEA, 2019).  96 

In the EU, the management of livestock manure is responsible for more than 70% of NH3 97 

emissions (UNECE, 2020), with notably 50% originating from bovines. In Ireland, this figure is 98 

even higher, standing at approximately 79% (Hyde et al., 2022). This elevated percentage can 99 

be attributed to the predominant practice of ruminant-based agricultural production. 100 

Consequently, taking action to mitigate NH3 emissions, particularly those associated with 101 

managing animal waste, becomes of paramount importance. 102 

It is worth highlighting that extended grazing patterns associated with Irish agriculture 103 

contributes to lower emissions. Only 11% of NH3 emissions in Ireland originate from grazing 104 

practices. The second most significant source of NH3 emissions in the agricultural sector is 105 

linked to the use of synthetic fertilisers (Xu et al., 2019). In Ireland, synthetic fertilisers account 106 

for 9% of NH3 emissions (Hyde, 2022), which is notably lower than the EU average of 17% 107 

(Eurostat, 2021b). The remaining emissions are associated with manure management during 108 

the housing, storage and land spreading phases. 109 
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Irish agriculture is dominated by a bovine pastoral-based system of production, with 92.8 % 110 

of the utilisable agricultural area comprised of permanent grassland (CSO, 2022). This, in turn, 111 

determines the NH3 abatement practices available. Broadly, options to mitigate NH3 in 112 

livestock-based agriculture focus on improvements in the management of animal manures 113 

and synthetic fertiliser use since these are the main emission sources. Abatement options 114 

vary in terms of their efficacy, cost, ease of implementation, acceptability, and requirements 115 

for verification (Reis et al., 2015).  116 

Some of the better known management options to reduce NH3 emissions in agricultural 117 

settings are animal feeding strategies (i.e. low protein feeds, increasing non-starch 118 

polysaccharide content of the feed), animal housing strategies (i.e. cleaning and scrubbing 119 

surfaces, removal of urine, separation of urine and faeces, manure cooling or drying), manure 120 

storage (i.e. decreasing surface area of manure storage, encouraging crusting, covering open 121 

stores, minimising disturbances such as aeration, lowering pH), low emission manure land 122 

spreading methods (i.e. band spreading, trailing shoe and injection, manure incorporation, 123 

spreading of diluted or acidified manure) and low emission fertiliser formulations (i.e. urease 124 

inhibitor added to Urea, commonly referred to as protected Urea) (Bittman et al., 2014; Reis 125 

et al., 2015). 126 

Although many NH3 emissions abatement management practices exist and are technically 127 

feasible, their applicability at farm system scale and acceptability vary significantly, and it is 128 

not readily clear which options can deliver mitigation in the most cost-effective manner. One 129 

way to identify preferred options is through the calculation of cost-effectiveness metrics using 130 

a marginal abatement cost curve (MACC) methodology. MACC is an approach that represents 131 

a) the level of abatement potential provided by mitigation measures and b) the costs 132 
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associated with each of these measures. As such, it ranks the mitigation measures according 133 

to their respective cost per unit of mitigation delivered. In principle, this provides a ranking 134 

of which measures should be prioritised on the basis of cost, with the less expensive (or even 135 

profit-enhancing) mitigation measures preferred over more costly measures. A MACC also 136 

shows the potential volume of mitigation delivered for a given cost. The MACC methodology 137 

has previously been developed and applied to agricultural GHG mitigation (Smith et al., 2007; 138 

MacLeod et al., 2010; Ragnauth et al., 2015; Lanigan et. al., 2023). However, MACCs for 139 

agricultural NH3 abatement are not yet common, with only a limited literature available and 140 

significant differences in the modelling approaches and tools used, i.e. N flow modelling using 141 

NARSES, MITERRA-EUROPE or simple calculation algorithms (Webb et al., 2005; Oenema et 142 

al., 2009; Zhang et al., 2020; Lenerts et al., 2021). Additionally, these published NH3 MACC 143 

studies do not apply the MACC approach to projections of NH3 over a multi-year period and 144 

assume static measure uptake. 145 

This paper is novel as it examines the cost-effectiveness of NH3 mitigation measures in 146 

bovine-dominated agricultural systems and their overall effectiveness from 2022 to 2030 in 147 

achieving EU NEC Directive 2016/2284 compliance under three hypothetical technology 148 

adoption rates. The specific objectives of this paper are firstly, to assess how much ammonia 149 

per year can be abated under three economic activity scenarios and three technology 150 

adoption rates and secondly, to identify under what activity level and mitigation measure 151 

adoption rate can Ireland achieve NH3 limits under NEC Directive and finally, to identify 152 

agricultural policy options to achieve ammonia emission targets. 153 

  154 
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2.0 Materials & Methods 155 

The following section outlines the data and modelling approach adopted as well as the 156 

mitigation measures chosen for investigation. 157 

2.1 Data & Modelling Approach 158 

 159 

Ammonia emissions projections are estimated based on emission factors applied to 160 

projections of future agricultural activity data. This analysis is conducted at a national 161 

aggregate level scale over the 2022 to 2030 temporal horizon, with 2022 as the base year. 162 

2.1.1 Activity data 163 

This analysis uses activity data, including animal and fertiliser use projections, sourced from 164 

the FAPRI-Ireland economic model of the Irish agricultural sector (Donnellan & Hanrahan, 165 

2021). This model, established in 1997, employs econometric methods and utilizes annual 166 

time series data from the CSO and Eurostat. Operating over a 10-year horizon, the FAPRI-167 

Ireland model forecasts various facets of the agricultural sector, encompassing activity levels, 168 

supply and demand balances for agricultural commodities, commodity and input prices, and 169 

economic accounts for agriculture (Donnellan and Hanrahan, 2006). It is closely linked to the 170 

FAPRI EU (GOLD) model (Hanrahan, 2001; Westhoff and Meyers, 2010) and shares similarities 171 

with models like the OECD AGLINK model, utilized by the OECD and the European Commission 172 

for their outlook publications (OECD, 2015; EC, 2021). 173 

The FAPRI-Ireland model incorporates macroeconomic projections, including GDP growth 174 

rates, inflation, exchange rates, and population figures, from the ESRI COSMO model of the 175 

Irish macroeconomy (Bergin et al., 2016). It has been previously employed to analyse various 176 
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agricultural policy and trade issues (Binfield et al., 2003; Binfield et al., 2004; Binfield et al., 177 

2008; Donnellan et al., 2014) and has contributed projections to Ireland's Environmental 178 

Protection Agency (EPA) for reporting GHG emissions under the Monitoring Mechanism 179 

Regulation 525/2013 (EC, 2013). 180 

This study employs three scenarios generated by the FAPRI-Ireland model: Business as usual 181 

(S1), Low (S2), and High (S3) activity level scenarios (Donnellan and Hanrahan, 2021). These 182 

scenarios were developed for sensitivity analysis in the context of reporting emissions under 183 

the Monitoring Mechanism Regulation and account for uncertainties in commodity markets 184 

and policies influencing future agricultural activity in Ireland through 2030.  185 

The macroeconomic projections from the ESRI COSMO model and international agricultural 186 

commodity and input prices from the FAPRI-EU model remain consistent across these three 187 

scenarios. The primary driver of NH3 emissions in Irish agriculture is the level of bovine 188 

activity. Variations among the scenarios primarily pertain to differences in dairy and beef cow 189 

numbers, associated cattle progeny, land use, fertilizer usage and other inputs. It is important 190 

to note that these projections are based on different assumptions about future policy and 191 

market conditions, serving to highlight the range of potential agricultural activity outcomes 192 

amid policy and market uncertainty. Appendix 1 shows the animal populations and chemical 193 

fertilizer usage for the year 2030 under the three scenarios. 194 

Given the uncertainties surrounding future economic and policy variables, including 195 

agricultural output, input prices, subsidies, and trade tariffs, precise forecasts of future 196 

agricultural activities and NH3 emissions from agriculture are unattainable. Table 1 197 

summarizes the key assumptions underpinning the three activity-level scenarios used in this 198 

analysis. 199 
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Table 1: Summary of Scenarios Analysed 200 

Scenario Policy assumption 

S1 (Business 

as usual) 

No new bilateral trade agreements are entered into by either the EU or UK that 

offer other third countries preferential market access to EU and UK markets. The 

current level of support available under the EU Common Agricultural Policy 

(CAP) continues. 

S2 (Lower 

activity level) 

The growth rate in dairy cow inventories over the medium term is lower than 

under the Base case, while the rate of contraction in the beef cow herd that is 

projected is stronger than under the base case. 

S3 (Higher 

activity level) 

The growth in the dairy inventory is higher than under the Base Case and the 

contraction in the beef cow inventory is slower than under the Base Case. 

 201 

2.1.2 Emissions Factors 202 

The emissions factors applied to the activity level data (under S1 to S3) followed that of Hyde 203 

et al. (2022) in reporting Ireland's emissions to the secretariat of the UNECE convention on 204 

long-range transboundary air pollution and to the European Union under Directive 205 

(2016/2284/EU). 206 

2.1.3 Modelling Approach 207 

The modelling employed utilised the national NH3 emission inventory developed by Ireland's 208 

Environmental Protection Agency in its reporting on national NH3 emissions (Hyde et al., 209 

2022). This approach generates emissions across a number of categories, including cattle, 210 

sheep, pigs, poultry, goats, horses/mules, chemical fertiliser and other minor emission 211 

sources. It also reports emissions generated at different stages of the production cycle (animal 212 
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housing, manure storage, land spreading of manures, emissions while grazing, and emissions 213 

while in a collection yard (dairying). Appendix 1 shows the animal populations, fertiliser usage 214 

and other assumptions for each of the economic activity scenarios. Table 2 below summarises 215 

the combinations of economic activity levels and technology adoption rates assessed in this 216 

study.  Table 2 shows the three technology adoption rates assumed under each of the activity 217 

scenarios.  The adoption rate assumptions underpinning these scenarios are outlined in 218 

appendix 2. 219 

Table 2 Scenarios modelled 220 

Activity Level Business as usual (S1) Low activity (S2) High activity levels (S3) 

Adoption Rates Low Medium High Low Medium High Low Medium High 

Scenario name S1L S1M S1H S2L S2M S2H S3L S3M S3H 

 221 

 222 

2.2 Technology Adoption 223 

NH3 abatement measures were selected based on an extensive review of international 224 

literature (Misselbrook et al., 2006; Reis et al., 2015; Bittman et al., 2014). Whenever possible, 225 

Irish-specific emission factors and cost data for these measures have been incorporated. In 226 

cases where Irish data was unavailable, the best available international data sources were 227 

used. Adoption rates for these measures were determined by considering the current 228 

adoption rate, as indicated by the Teagasc National Farm Survey data 20221 , Ag Climatise 229 

(2020) policy and with considerations of economic and biophysical constraints. Ag Climatise 230 

 
1 Teagasc National Farm Survey is operated as part of the EU Farm Accountancy Data Network. A 
random, nationally representative sample of farms is selected annually in conjunction with the 
Central Statistics Office (CSO). 
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(2020) policy has set targets for the use of low emission slurry spreading equipment, 231 

protected urea, liming and, covered slurry storage tanks. The high technology adoption rates 232 

assumed in this study for the above measures are stretch targets based on policy targets.  233 

Overall, the three adoption rates were defined by two key aspects: i) the level of adoption 234 

projected for 2030 and ii) the speed at which that level would be achieved, represented by 235 

the slope of the adoption pathway. Appendix 2 provides a description of the assumptions 236 

around the technology adoption rates.  237 

Appendices 3 and 4 provide a comprehensive overview of the NH3 mitigation measures,  238 

technical details regarding the effectiveness of each abatement measure (Appendix 3) as well 239 

as its associated costs (Appendix 4). These measures were categorised into four groups: i) 240 

fertiliser measures, ii) bovine measures, iii) pig measures, and iv) poultry measures. Fertiliser 241 

measures include protected urea, establishing clover in grass swards and liming. Bovine and 242 

pig measures include, reducing crude protein content in concentrated feed, using additives 243 

for slurry storage, covered slurry storage and using LESS for manure spreading. Poultry  244 

measures include manure drying and applying manure additives. It's worth noting that sheep 245 

mitigation measures were not considered due to the extensive nature of many sheep 246 

production systems, which involve year-round grazing and thus may not require manure 247 

management. Additionally, fertiliser measures are already applicable to all animal systems. 248 

Ammonia emissions occur at various stages of agricultural production, necessitating a 249 

strategic sequence of NH3 abatement measures for overall emission reduction. In this 250 

analysis, all mitigation measures were applied in accordance with their order in the N flow 251 

framework (Figure 1) to consider potential interdependencies between them. This approach 252 

recognises that combining measures doesn't yield a straightforward additive effect in 253 
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emissions reduction, as addressing NH3 at an earlier stage may impact the volume of N 254 

availability for mitigation at later stages in the N flow chain.   255 

Implementing abatement techniques upstream can lead to increased emissions downstream, 256 

as more N is retained within the system. For instance, using slurry additives reduces NH3 257 

losses during storage, preserving nitrogen. Conversely, conserving N throughout the manure 258 

management chain, including reduced crude protein intake in animal diets, ultimately lowers 259 

NH3 emissions throughout the system. Moreover, enhancing the nitrogen use efficiency (NUE) 260 

of organic manures reduces the need for synthetic fertilisers, thereby lowering associated 261 

fertiliser-based emissions. Figure 1 below outlines the stages of the manure management 262 

chain targeted by the selected measures.  263 

Figure 1: Conceptual N framework displaying the order of addition of ammonia mitigation 264 

measures to the marginal abatement cost analysis to account for the systems N flow. 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 
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3. Results 279 

3.1: Marginal Abatement Cost Curve (MACC) Analysis 280 

Tables 3, 4 and 5 illustrate the average ammonia abatement per year, average abatement 281 

cost per year and marginal abatement cost for the different scenarios modelled over the 282 

projection period. 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 
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Table 3:  Average abatement, average cost and marginal abatement cost under S1 and low, moderate and high technology adoption rates  

 

 
  

S1L S1M S1H S1L S1M S1H S1L S1M S1H 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

€ per kg 
NH3 

abated 

€ per kg 
NH3 

abated 

€ per kg 
NH3 

abated 

Protected Urea 0.53 1.72 3.05 -3.24 -39.81 -8.93 -6.11 -23.20 -2.93 

Clover 0.04 0.15 0.32 -0.49 -1.90 -3.93 -12.21 -12.29 -12.21 

Liming 0.09 1.29 2.52 8.73 -3.12 -6.48 94.79 -2.41 -2.57 

Crude Protein - Dairy Not adopting 0.50 0.50 N/A  -3.05 -8.44 N/A  -6.17 -17.04 

Amendments - Bovine Not adopting 1.00 2.36 N/A  27.66 65.68 N/A  27.80 27.78 

Covered Stores - Bovine Not Increasing 0.84 0.94 N/A  -0.72 -0.34 N/A  0.67 -0.36 

LESS Bovine 4.43 11.25 11.76 0.29 -3.68  12.39 0.06 -0.33 1.05 

Crude Protein - Pigs Not adopting 0.03 0.09 N/A  -0.71 -0.58 N/A  -20.77 -6.18 

Covered Stores - Pig  Not Increasing 0.06 0.19 N/A  0.00 0.58 N/A  -0.06 3.00 

Amendments - Pig Slurry Not adopting 0.28 0.91 N/A  1.31 4.33 N/A  4.68 4.74 

LESS - Pigs 0.20 0.35 0.37 -0.03 0.14 0.27 -0.14 0.39 0.74 

Amendments - Poultry Not adopting 0.13 0.22 N/A  1.53 4.66 N/A  30.73 21.66 

Poultry Manure - Drying Not adopting 0.07 0.12 N/A  1.40 4.26 N/A  34.70 35.18 

Total 5.30 17.67 23.35 5.25 -17.27 63.46 76.40 33.74 52.86 
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Under S1 scenario, as summarised in Table 3 potential mitigation ranges from 5.30 to 23.35 

(kt) per annum depending on adoption rates. And costs vary from €-17.27 to €63.46 per Kg 

NH3 abated. Furthermore, use of protected urea and establishment of clover are cost saving 

methods across all three adoption rates. Additionally liming and lowering of crude protein 

content in bovine and pigs concentrate diets is cost saving under medium and high adoption 

rates. Implementation of these cost negative measures could provide a potential cost saving 

upto €18.50 (low adoption rate), €64.84 (medium adoption rate) and €40.93 (high adoption 

rate) million per annum. For S1 scenario, combining the cost positive and negative measures 

indicates a net total cost for implementing all measures of €76.21 (low adoption rate), €33.74 

(medium adoption rate), and €52.86 (high adoption rate), million per Kg of NH3 abated.
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Table 4:  Average abatement, average cost and marginal abatement cost under S2 and low, moderate and high technology adoption rates  

 

 

 

 
  

S2L S2M S2H S2L S2M S2H S2L S2M S2H 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

€ per kg 
NH3 

abated 

€ per kg 
NH3 

abated 

€ per kg 
NH3 

abated 

Protected Urea 0.49 1.56 2.86 -3.05 -37.17 -8.30 -6.18 -23.84 -2.91 

Clover 0.04 0.15 0.32 -0.49 -1.90 -3.93 -12.21 -12.29 -12.21 

Liming 0.09 1.29 2.52 8.73 -3.12 -6.48 94.79 -2.41 -2.57 

Crude Protein - Dairy Not adopting 0.48 0.48 N/A  -3.05 -8.19 N/A  -6.35 -17.03 

Amendments - Bovine Not adopting 0.81 2.27 N/A  26.36 62.62 N/A  32.42 27.60 

Covered Stores - Bovine Not Increasing 0.80 0.89 N/A  -0.68 0.69 N/A  0.75 0.77 

LESS Bovine 3.57 10.51 10.99 -0.17 -3.38 11.66 -0.05 -0.32 1.06 

Crude Protein - Pigs Not adopting 0.03 0.09 N/A  -0.70 -0.58 N/A  -20.79 -6.17 

Covered Stores - Pig  Not Increasing 0.06 0.19 N/A  0.00 0.57 N/A  -0.06 3.00 

Amendments - Pig Slurry Not adopting 0.27 0.90 N/A  1.29 4.28 N/A  4.68 4.74 

LESS - Pigs 0.14 0.44 0.37 0.01 0.20 0.27 0.10 0.32 0.74 

Amendments - Poultry Not adopting 0.12 0.20 N/A  1.43 4.36 N/A  31.36 21.66 

Poultry Manure - Drying Not adopting 0.07 0.12 N/A  1.31 3.65 N/A  34.70 34.70 

Total 4.33 16.60 22.20 5.02 -19.41 60.61 76.45 38.17 53.38 



17 
 

Table 4 shows that, under S2 scenario, potential mitigation ranges from 4.33 to 22.20 (kt) per 

annum depending on adoption rates. And costs vary from €-19.41 to €60.61 per kg NH3 

abated. Similar to S1 scenario, protected urea and establishment of clover are cost saving 

methods across all three adoption rates while liming and lowering of crude protein content 

in bovine and pigs concentrate diets is cost saving under medium and high adoption rates. 

Implementation of these cost negative measures could provide a potential cost saving upto 

€18.39 (low adoption rate), €65.68 (medium adoption rate) and €40.89 (high adoption rate) 

million per annum. For S2 scenario, combining the cost positive and negative measures 

indicates a net total cost for implementing all measures of €76.45 (low adoption rate), €38.17 

(medium adoption rate), and €53.38 (high adoption rate), million per Kg of NH3 abated. 
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Table 5:  Average abatement, average cost and marginal abatement cost under S3 and low, moderate and high technology adoption rates  

 
  

S3L S3M S3H S3L S3M S3H S3L S3M S3H 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average NH3 
abatement 
(kt) per 
annum (2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

Average 
cost per 
annum (€ 
million) 
(2022-
2030) 

€ per kg 
NH3 

abated 

€ per kg 
NH3 

abated 

€ per kg 
NH3 

abated 

Protected Urea 0.57 1.77 3.21 -3.47 -42.26 -9.47 -6.13 -23.82 -3.10 

Clover 0.04 0.15 0.32 -0.49 -1.90 -3.93 -12.21 -12.29 -12.21 

Liming 0.09 1.29 2.52 8.73 -3.12 -6.48 94.79 -2.41 -2.57 

Crude Protein - Dairy Not adopting 0.52 0.52 N/A  -3.21 -8.83 N/A  -6.20 -17.07 

Amendments - Bovine Not adopting 1.20 2.56 N/A  29.17 67.42 N/A  24.40 26.31 

Covered Stores - Bovine Not Increasing 0.88 0.98 N/A  -0.76 -0.37 N/A  0.59 -0.37 

LESS Bovine 4.87 12.07 13.22 0.44 -4.00 12.70 0.09 -0.33 1.25 

Crude Protein - Pigs Not adopting 0.03 0.09 N/A  -0.71 -0.58 N/A  -20.77 -6.21 

Covered Stores - Pig  Not Increasing 0.13 0.19 N/A  -0.05 0.58 N/A  -0.41 3.00 

Amendments - Pig Slurry Not adopting 0.28 0.91 N/A  1.31 4.33 N/A  4.68 4.74 

LESS - Pigs 0.20 0.35 0.37 -0.03 0.14 0.27 -0.14 0.39 0.74 

Amendments - Poultry Not adopting 0.13 0.21 N/A  1.53 4.66 N/A  30.73 21.66 

Poultry Manure - Drying Not adopting 0.07 0.13 N/A  1.40 4.64 N/A  34.70 34.70 

Total 5.77 18.88 22.21 5.18 -22.44 64.92 76.40 29.26 50.86 
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As summarised in Table 5 Under S3 scenario, potential mitigation ranges from 5.77 to 22.20 

(kt) per annum depending on adoption rates. And costs vary from €-22.44 to €64.92 per kg 

NH3 abated. Similar to S1 and S2 scenarios, protected urea and establishment of clover are 

cost saving methods across all three adoption rates while liming and lowering of crude protein 

content in bovine and pigs concentrate diets are cost saving under medium and high adoption 

rates. Implementation of these cost negative measures could provide a potential cost saving 

up to €18.34 (low adoption rate), €65.5 (medium adoption rate) and €41.25 (high adoption 

rate) million per annum. For S3 scenario, combining the cost positive and negative measures 

indicates a net total cost for implementing all measures of €76.40 (low adoption rate), €29.26 

(medium adoption rate), and €50.63 (high adoption rate), million per Kg of NH3 abated. 

However, these costs and savings are predicated on efficiency gains driven by best 

management practice adoption, with associated reductions in chemical N fertiliser 

application. If farmers do not adjust management practices (e.g. chemical fertiliser 

application rates) to reflect efficiency gains achieved through implementation of mitigation 

measures, then the level of ammonia abatement would be lower than anticipated in this 

analysis.  

3.2 Combined impact of mitigation measures to 2030  

 

3.2.1. Emissions with Business-as-usual scenario and three technology adoption rates 

Figure  2 below outlines the aggregate emissions using the EPA national emission inventory 

model (Hyde et al., 2022) for the agricultural sector in Ireland under the S1 activity level 

scenario with low, medium and high adoption rates. The yellow line reflects the NH3 emission 

targets as set down under the EU NEC Directive 2016/2284 for each year.  
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Figure 2: NH3 Emissions under Business as Usual scenario (S1) 

 

Figure 2 illustrates that, under the S1 scenario (business-as-usual) achieving emission 

reduction targets for Ireland is possible with high and medium levels of mitigation measure 

adoption rates. However, continuing with low adoption rates would result in NH3 emissions 

not meeting targets by 2030.   

3.2.2. Emissions with Low Activity scenario (S2) and three technology adoption rates 

Similar to the results under S1, Figure 3 shows that under S2 emission reduction targets are 

met with high and medium levels of mitigation measure adoption rates. However, if the low 

technology adoption rate were to continue then ammonia emissions would exceed the target 

limits, with the difference between emissions and the target increasing year on year towards 

2030.  
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Figure 3: Total NH3 Emissions under Low economic activity (S2) scenario and three technology 
adoption rates  

 

3.2.3. Emissions with High Activity scenario (S3) and three technology adoption rates 

As shown in figure 4 if higher activity levels were to prevail in Ireland from 2022 to 2030, then 

the reduction targets cannot be achieved under the low or medium technology adoption rates 

assumed in this analysis.   

Figure 4: Total NH3 Emissions under High economic activity (S3) scenario and three technology 

adoption rates 

 

According to Figure 4, NH3 emission under low, medium and high technology adoption rates 

exceeds the target in 2030.   
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4. Discussion 

The estimated ammonia emissions reduction outlined in this study depends on mitigation 

measure adoption rates, projected agricultural activity levels and emissions factors. The 

results here estimate NH3 abatement potential with high adoption rates for the mitigation 

pathways at 23.35 (S1), 22.20 (S2) and 25.25 (S3) kilotonnes of NH3 during the study period 

and 17.67 (S1), 16.60 (S2) and 18.88 (S3) kilotonnes of NH3 with medium technology adoption 

rates. This is significantly higher than the mitigation potentials estimated in the previous 

ammonia abatement analyses of between 10.6 and 12.05 kilotonnes NH3 per annum (Lanigan 

et al., 2015) and 15.26 kt NH3 (Buckley et al., 2020). In contrast, under the low adoption rate 

scenarios the NH3 abatement potential was 5.30 (S1), 4.33 (S2), and 5.77 (S3). 

The findings highlight the substantial impact of differing assumptions about future 

agricultural activity on the emissions projections, adoption rates and abatement potential 

before factoring in mitigation measures. These uncertainties are crucial when evaluating 

Ireland’s capacity to meet ammonia emission reduction targets. the extent of these will 

determine if targets can be achieved or at least close to target.   

The adoption of best management practices among farmers have historically occurred in 

gradual increments, extending over several years rather than in sudden changes (Rogers, 

1995). However, Ireland has seen strong adoption rates recently for low-emission slurry 

spreading due to the implementation of Nitrates Directive-based GAP regulations2. Achieving 

the high and ambitious adoption rates hypothesised in this analysis would likely require either 

further Government mandate (stick) or incentives (carrot). Addressing adoption rates also 

 
2 Farming under Nitrates derogation scheme allows a higher stocking rate in farms and regulates the spreading 
method of manure i.e. Low Emission Slurry  Spreading Equipment must be used by the participating farmers.  
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involves inherent uncertainties, with studies employing various approaches, including 

maximum theoretical adoption, maximum biophysical adoption, or linear/non-linear uptake 

rates (Moran et al., 2010; Pellerin et al., 2018; Eory et al., 2016; Lanigan et al., 2018). This 

study assumed a mix of linear and exponential adoption rates as well as zero adoption rates 

for uncommon technologies. Teagasc NFS survey data (2015-2021) were reviewed to 

determine specific historic adoption rates of relevant technologies examined here.  

In Ireland, meeting ammonia (NH3) emission reduction commitments pose a challenge, but 

it's not unique. Other EU countries including Denmark, France, and Germany are also 

grappling with similar issues, particularly in the context of livestock farms and manure 

management (Hyde et al., 2022). 

In France, the focus is on reducing NH3 emissions by implementing low-emission slurry 

spreading and immediate incorporation of manures on arable land (Martin & Mathias, 2013). 

Denmark, with its dominant pig and poultry operations, emphasise measures like low-

emission housing, air scrubbing, slurry acidification, slurry cooling, tank covering, and 

adjusted feeding practices (Gyldenkærne and Mikkelsen, 2007; Jacobsen and Ståhl, 2017  

While Lenerts et al. (2021) follow a similar methodology to that used in this Irish study, their 

assumptions relating to adoption rates for individual measures present large uncertainty. For 

instance, Martin and Mathias (2013) assumed 100% adoption rates for measures in their 

study. Conversely, Pellerin et al. (2013) applied three different sigmoidal profile curves to 

describe uptake, with the uptake profile dependent on the maximal abatement potential of 

each measure and the point at which the rate of adoption accelerates.  
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Typically, public policy assesses the effectiveness of individual mitigation measures to 

prioritise cost-effective options. However, adopting measures at one stage of manure 

management can affect the effectiveness of measures further down the chain because failing 

to mitigate NH3 emissions during the land spreading phase can nullify prior mitigation efforts. 

For example, adopting a lower crude protein content reduces overall NH3 production. Due to 

the adoption of covered slurry stores and slurry amendments, more N is retained, and N 

losses are avoided, but these benefits could be diluted at the land-spreading stage if a 

conventional splash plate broadcast method is used. Implementing individual measures may 

suggest a potential reduction in NH3 emissions. However, this potential can only be fully 

realised if complementary best practices, like the LESS land spreading method, are also 

adopted concurrently.  

Furthermore, the choice of fertiliser plays a pivotal role in NH3 emissions. Protected Urea 

reduces NH3 emissions compared to Calcium Ammonium Nitrate (CAN), but it also affects 

nitrous oxide emissions (Hyde et al., 2022). Therefore, comprehensive gaseous emissions 

mitigation should consider various factors to avoid unintended consequences. In the current 

analysis, employment of LESS for bovine manure application was able to deliver 60% of the 

overall mitigation in Irish agriculture. 

It's worth noting that there are variations in emission factors between Urea and nitrate-based 

fertilisers (Hyde et al., 2022). Replacing Urea with protected Urea results in a significant 

reduction in NH3 emissions. However, transitioning from Calcium Ammonium Nitrate (CAN) 

to protected urea can lead to increased NH3 emissions. Additionally, CAN fertiliser application 

on managed agricultural soils generates higher GHG emissions, particularly N2O gas, than 

protected urea. Therefore, substituting CAN with protected urea is a favourable strategy from 
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a GHG mitigation perspective (Lanigan et al., 2018). To effectively mitigate gaseous emissions, 

it is essential to adopt a holistic approach to prevent pollution swapping. Enhanced fertilisers 

like protected urea offer multiple benefits, reducing emissions while maintaining crop yields 

(Harty et al., 2016; Watson et al., 2009; Harty et al., 2017). 

Furthermore, improving our understanding of the efficacy of these new measures and 

quantifying country-specific emission factors is essential. National emission inventories will 

need refinement to incorporate these new mitigation measures effectively. Additionally, 

considering the synergistic or antagonistic relationship between GHG and NH3 mitigation, 

country-specific data will help identify actions that optimise the mitigation potential of both 

GHG and NH3. The possibility of higher-tier reporting, including spatially detailed NH3 

emissions modelling, could be explored in the future to account for abiotic factors such as 

weather and soil type. 

The successful realisation of ammonia (NH3) mitigation potential hinges on the actual 

adoption of mitigation strategies by Irish farmers. Various barriers have been identified that 

affect the adoption of these measures, including cost, knowledge and awareness levels, the 

ability to employ certain technologies at the farm level, individual farm-specific constraints, 

and the availability of equipment or raw materials needed for mitigation actions (Moerkerken 

et al., 2020). To achieve the full potential of NH3 mitigation, it is essential to gain a deeper 

understanding of these barriers hindering the uptake of mitigation measures. However, 

conducting research alone will not be sufficient to achieve this mitigation potential. It requires 

strong linkages to extension services that provide farmers with the knowledge and guidance 

needed to identify and implement suitable solutions for their individual farms. The process of 

knowledge transfer and co-creation of mitigation measures has long been recognised as 
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critical in maximising the adoption of these measures and realising the identified mitigation 

potentials (Rogers, 1995). 

5. Conclusions 

Results from this analysis indicate that the high and medium adoption rates outlined here will 

allow Ireland to mitigate an amount of NH3 sufficient to comply with emission reduction 

commitments (conditional on the assumed measure uptake) under the S1 (business as usual), 

S2 (lower) and S3 (higher) activity level scenarios. With further emissions reductions already 

agreed beyond 2030, the adoption of technologies that mitigate ammonia emissions will be 

of ever greater importance and the role of policy in facilitating this adoption will come under 

greater scrutiny. 
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Appendix 1: Economic Activity Levels  

 Bovine population and chemical N sales projections for year 2030 

 

Note: In 2022, Ireland had a total cattle population of 7.4 million, with 1.6 million being dairy cows 

(Clarke, 2022), and N fertiliser sales amounted to 343,193 tonnes (CSO, 2022) 

  

 

 

 

 

 

 

   

 Year S1 S2 S3 

Total bovine population (million) 2022 7.19 6.9 7.2 

2030 7.09 6.6 7.6 

Dairy cow (million, annual average 
population) 

2022 1.54 1.52 1.5 

2030 1.63 1.56 1.7 

Other cow (million, annual average 
population) 

2022 0.93 0.90 0.99 

2030 0.75 0.68 0.90 

Chemical N sales (thousand tonnes) 2022 366.2 348.4 374.6 

2030 397.7 370.9 431.4 
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Appendix 2 : Assumptions for technology adoption rates 

 

Mitigation measure Low Adoption Medium Adoption  High adoption 

Fertiliser measures 

Protected Urea  
30% urea, and 20% CAN and 
compound fertiliser replaced in 
2024 

60% of urea and 30%  of CAN and 
compound fertilisers replaced 
2024 

100% urea and 65% CAN and 
compound fertiliser replaced by 
2027 (AgClimatise, 2020). 

Clover 
Intensive dairy farms apply more than 165 Kg N fertiliser per 
Ha 

1% of intensive dairy farms to 
establish clover each year, 
reaching 15% of the lands in 
2030 

4% of intensive dairy farms (farms 
that apply 165 Kg N fertiliser per 
Ha) to establish clover each year 
reaching 40% of the lands in 2030 

8% of intensive dairy farms (farms 
that apply 165 Kg N fertiliser per Ha) 
to establish clover each year 
reaching 80% of the lands in 2030 

Liming1920 million hectares (47%) of the grassland soils 
have suboptimum pH levels in 2022x. Application rates of 
7.5 tonnes per hectare for the initial application and then 5 
tonnes per hectare maintenance rate. Re-liming for 
maintenance is after 4 years of initial application. 

0.29-0.67Mtonnes of lime 
applied, 2% of suboptimal lands 
newly limed annually.    

1-1.1Mtonnes of lime applied, 7% 
of suboptimal lands newly limed 
annually.    

2Mtonnes of lime applied from 
2022 to 2030 (AgClimatise, 2020), 
14% of suboptimal lands newly 
limed annually. 

Bovine measures 

Low emission slurry spreading - LESS 
30% of slurry type manure 
applied using LESS 

Increasing from 62% (2022) to 90% 
in 2030 at  3.5% per year 
increasing rate 

Increasing from 62% (2022) to 90% 
in 2027 (AgClimatise, 2020), 30% by 
TH , 70% by TS. 

Covering slurry stores 
Unchanged at 93% increase from 93% to 96% 

annually stepwise (0.375% per 
year) 

Increasing from 94% in 2022 to 
100% in 2027 (AgClimatise, 2020). 

Reducing crude protein content of diet 
Unchanged at 0% Increasing from 10% in 2022 to 

50% in 2030 
Increasing from 60%-90% in 2025 
and remain at 90% to 2030 

Slurry amendments 
Unchanged at 0% Increasing from 10% in 2022 to 

50% in 2030 
Increasing from 60% in 2025, 
increased to 90% in 2024 

Pigs measures 
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Low emission slurry spreading - LESS 

1% increase annually reaching 
40% to 48% in 2030 

increasing from 62% to 90%, 3.5% 
per year 

Increasing from 62% (2022) to 90% 
in 2027 (AgClimatise, 2020). 30% by 
TH , 70% by TS. 

Reducing crude protein content of diet. 
Currently the crude protein levels of the weaner, finisher 
stage 1 and stage 2 feed is assumed to be 20%, 18.7% and 
18%. This pathway assumes reducing crude protein by 1, 2 
and 2 percentage points for the weaner, finisher stage 1 and 
stage 2, respectively 

Unchanged at 0% Increasing adoption from 10% in 
2022 to 50% in 2030 

Increasing adoption from 60% in 
2022 increase to 90% in 2025  

Covering slurry stores 
Unchanged at 88%, from 2022 
to 2030.  

88% to 91% in 2030, 0.375% per 
year 

Increasing from 92% to 95% 

Slurry amendments (alum compound) 
Unchanged at 0% Increasing from 0% to 50%, 6.25% 

per year rate 
Increasing from 60%-90% in 2025 
and remain at 90% to 2030.  

 
Poultry measures 

Drying of poultry manure 
Unchanged at 0% Increasing from 0% to 50%, 6.25% 

per year rate 
Increasing from 60%-80% in 2025 
and remain at 80% to 2030 

Poultry manure amendments 

Unchanged at 0% Increasing from 0% to 50%, 6.25% 
per year rate Increasing from 60%-80% in 2025 

and remain at 80% to 2030 
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Appendix 3: Level of efficacy of the selected measures 

Mitigation measure Efficacy measurement Reference 

Fertiliser measures 

Protected Urea (Urea with 
urease inhibitor) 

Approximately 78.5% reduction in emissions compared to straight Urea. 
EEA/EMEP Guidebook, 2019 - straight urea emission factor; 
Forrestal et al., 2016 - protected urea emission factor. 

Clover 
Inclusion of clover in grass sward increases biological nitrogen fixation by 
80 kg N ha-1 yr-1 and hence allows a reduction in synthetic fertiliser input. 

Burchill et al., 2014; Phelan, 2012. 

Liming 
Optimisation of soil pH increases nitrogen mineralisation by 70 kg N ha-1 yr-

1 and hence allows a reduction in synthetic fertiliser input accordingly. 
Nyborg and Hoyt, 1978; Bailey, 1997; Culleton et al., 1999; 
Mkhonza et al., 2020. 

Bovine measures 

Low emission slurry 
spreading – LESS 

Adoption of trailing hose and trailing shoe methods provide 30% and 60% 
reduction in emission respectively, compared to splashplate method.  

Bittman et al., 2014. 

Covering slurry stores 
Floating materials, flexible covers and rigid/ tight covers provide 40%, 60% 
and 80% reduction in emission compared to uncovered stores, respectively. 
Average 50% reduction assumed here. 

Reis et al, 2015; EEA/EMEP Guidebook, 2019 - uncovered 
store emission factor 10%, covered store 5%. 

Reducing crude protein 
content of diet 

1 percentage point reduction in crude protein of dairy concentrates. This 
leads to a reduction in the nitrogen excretion rate of dairy cows by 1.5 kg. 

O'Brien & Shalloo, 2019. 

Slurry amendments 
Various chemical acidifiers reduce emissions during storage by up to 96%. 
Here, efficacy of 70% is assumed for allum 

Kavanagh et al. 2019. 

Pigs measures 

Low emission slurry 
spreading – LESS 

Adoption of trailing hose and trailing shoe methods provide 30% and 60% 
reduction in emission compared to splash plate, respectively 

Bittman et al., 2014 

Reducing crude protein 
content of diet 

1 percentage point reduction in crude protein of pig concentrates reduces 
nitrogen excretion rate of pigs by 1.4% 

Hyde, 2020. 

Covering slurry stores 
Approximately 75% reduction in emissions compared to uncovered stores 
based on standard emission factors. 

EEA/EMEP Guidebook, 2019 - uncovered store emission 
factor of 52%, covered store EF of 13% 

Slurry amendments 
Various chemical acidifiers reduce emissions during storage by up to 96%. 
Here, efficacy of 70% is assumed 

Kavanagh et al. 2019. 

Poultry measures 

Drying of poultry manure Drying treatment reduces emissions by approximately 40%. Reis et al, 2015. 
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Poultry manure 
amendments 

Addition of alum to poultry manure reduces emissions by approximately 
30%. 

Moore et al., 2000. 
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Appendix 4: Cost assumptions 

Mitigation measure Cost measurement Reference 

Protected Urea (Urea 
with urease inhibitor) 

Based on quantities and cost of fertiliser modelled to 2030 as baseline vs adoption pathway. Cost estimate takes 
account of reduced fertiliser use due to increased NUE associated with low-emitting fertiliser. 

Wall, 2020; 
DAFM 2020; 
CSO, 2022  

Clover 
Based on cost of seed and reseeding by agricultural contractor. Contractor rates of €116.14 ha-1 for reseeding of 
grassland with clover and €10 kg-1 of seed at a rate of 5kg ha-1. 

FCI, 2020; 
Humphreys, 2020. 

Liming 
Based on €25 tonne-1 ha-1 of lime applied to area spread by agricultural contractor. An additional cost included is for 
periodic soil sampling and analysis at €24 sample-1. Cost accounts for reduced fertiliser use due to increased NUE. 

Teagasc, 2020; FCI, 
2020 

Low emission slurry 
spreading – LESS 

Based on contractor cost of slurry spreading of €65 h-1 for splashplate and €85 h-1 for LESS and working rate of three 
tankers h-1 for splashplate and 2.5 tankers h-1 for LESS. Cost savings are also included for reduced fertiliser use due to 
increased NUE. 

FCI, 2020; Burchill, 
2019; DAFM,2020 

Covering slurry stores 
€1.5 m-3 of slurry based on installation of a flexible floating cover. Cost also accounts for reduced fertiliser use due to 
increased NUE. 

Reis et al., 2015; 
CSO, 2022 

Reducing crude protein 
content of diet 

€6 tonne-1 reduction in the price of dairy concentrates, based on the market price differential between protein 
ingredients. 

Patton, 2020 

Slurry amendments 
Based on the cost of treatment of €2.34 m-3 for dairy slurry and €4.40 m-3 for cattle slurry, due to differing slurry dry 
matters. Cost savings are also included for reduced fertiliser use due to increased NUE. 

Kavanagh et al., 2019; 
CSO, 2022 

Low emission slurry 
spreading – LESS 

Based on contractor cost of slurry spreading of €65 h-1 for splashplate and €85 h-1 for LESS and working rate of three 
tankers h-1 for splashplate and 2.5 tankers h-1 for LESS. Cost savings are also included for reduced fertiliser use due to 
increased NUE. 

FCI, 2020; Burchill, 
2019; 
DAFM, 2020 
CSO, 2022 

Reducing crude protein 
content of diet 

1, 2 and 2 percentage points crude reduction in the weaner, finisher stage 1 and 2 diets would lead to a per tonne 
cost reduction of €3.66, €8.95 and €7.56 respectively on a dry matter basis. 

Lawlor, 2020 

Covering slurry stores 
€4 m-3 for the installation cost of rigid covers on pig slurry stores. Cost savings are also included for reduced fertiliser 
use due to increased NUE. 

Reis et al., 2015; CSO, 
2022 

Slurry amendments 
Based on the cost of treatment of €2.34 m-3 for dairy slurry due to similarity in dry matter content. Cost savings are 
also included for reduced fertiliser use due to increased NUE. 

Kavanagh et al., 2019; 
CSO, 2022 

Drying of poultry 
manure 

Based on cost of €28 100 bird places-1.  Reis et al., 2015. 

Poultry manure 
amendments 

Cost of €18.72 m-3 of manure due to adjustment to high dry matter of 30%. Cost savings are also included for reduced 
fertiliser use due to increased NUE. 

Kavanagh et al., 2019; 
CSO, 2022 

 


