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ABSTRACT: Ireland has committed itself to a 20% reduction in greenhouse gas (GHG) emissions by 2020 compared 

to a 2005 baseline. Based on current trends, Ireland is projected to miss this target with a reduction of only 4% to 6% 

(EPA, 2017). The agriculture sector has been identified as the single largest contributor, producing 32.3% of the total 

emissions produced in 2016. Small-scale anaerobic digestion (SSAD) holds promise as an attractive technology for the 

treatment of livestock manure and the organic fraction of municipal wastes, especially in low population communities 

or standalone waste treatment facilities. SSAD is particularly applicable to the Irish agriculture sector where the average 

dairy herd size consists of approximately 80 cows in 2016. Despite the apparent benefits of SSAD the technology is 

still not well understood with much of the research previously conducted focused on large-scale systems. To assess the 

viability of SSAD in Ireland, this study examines the technical, economic and environmental considerations of 

constructing and operating SSAD plant’s on commercial Irish dairy farms. 

Keywords: anaerobic digestion, biogas plant, techno-economic analysis, Ireland, farm-scale, environmental analysis. 

 

 

1 INTRODUCTION 

 

The European Union’s (EU) 2020 agreement sets 

binding emission reduction targets for all EU states [1]. 

The agreement sets out three key targets; these include a 

20% cut in greenhouse gas (GHG) emissions, 20% of 

energy to come from renewable sources, and a 20% 

improvement in energy efficiency [1]. The Republic of 

Ireland, in particular, has struggled to meet its emission 

targets, with most recent estimates predicting a 14% to 

16% shortfall in its 20% GHG reduction target compared 

to 2005 levels [2]. Current estimates predict that the 

country will be forced to spend between €450 million and 

€610 million a year to compensate for its lack of climate 

action [2]. Ireland’s agriculture sector has been identified 

as the single largest contributor accounting for 32.3% of 

the total emissions released in 2016 [3]. The country now 

faces a dilemma actively attempt to limit or reduce the 

growth of its agriculture sector or to disregard its 

environmental obligations.  

A promising technology with the capacity to provide 

both renewable energy and GHG reduction, particularly in 

the agriculture setting is anaerobic digestion (AD). AD is 

a natural process in which microorganisms (hydrolytic, 

fermentative, acetogenic and methanogenic bacteria) 

break down biodegradable material in the absence of 

oxygen producing biogas (a mixture mainly composed of 

carbon dioxide and methane). These systems are beneficial 

for improving on-site energy generation, upgrading wastes 

and producing a nutrient-rich fertiliser from the digester 

effluents. They can also reduce pathogenic loads, odours 

and greenhouse gas emissions emanating from the 

agricultural processes. 

Despite the apparent benefits Ireland has been slow to 

adopt the technology, ranking 20th within the EU-28. A 

contributing factor to the low deployment is the 

concentration of “large scale plants”, particularly in 

Europe, where the siting of such centralised facilities have 

been based on the availability of vast quantities of biomass 

feedstock [4]. However, the biomass quantities in many 

Irish farms are currently insufficient to meet the feedstock 

requirements of medium-and large-scale AD plants. The 

situation is worsened when considering that the average 

dairy herd only consisting of approximately 80 cows in 

2016 [5], [6] 

 

The application of small-scale anaerobic digestion 

(SSAD), plants with an electrical output of 15-100kWe, 

holds promise in overcoming the technical and economic 

barriers associated with treating lesser biomass quantities 

[4]. Additionally, they can provide economic benefits by 

reducing organic loading sources and providing portability 

and flexibility. Particularly for the Irish dairy industry 

where together with the large livestock population (1.4 

million cows) [7], predictable energy demand and reliable 

feedstock collection positions, it as a promising candidate 

for SSAD deployment.  

Despite the potential of the technology, previous 

studies have largely focused on the implications of 

deploying medium to large scale AD plants (<100 kWe) 

with relatively little focus on the Irish context [8], [9]. 

Therefore, a lack of understanding is still apparent in the 

applicability of SSAD plants in stand-alone agricultural 

environments within Ireland.   

The goal of this study is to provide an initial 

assessment of the viability of SSAD on commercial Irish 

dairy farms. To achieve this goal, the following objectives 

were put forward:  

• Examining the technical parameters associated 

with the operation of a SSAD plant at various 

capacities.  

• Conducting a CO2 balance to fully assess the 

various scenarios investigated 

• A comprehensive economic analysis 

investigating total revenues, expenditures and 

financial indicators such as net present value 

(NPV) and internal rate of return (IRR). 

 

 

2 METHODOLOGY 

 

2.1 System Boundary 

 This study considers a “cradle-to-grave” system 

boundary encompasses the technical, environmental and 

economic factors in the construction and operation of an 

SSAD plant on a commercial dairy farm. Fig. 1 describes 

the system boundary used in this study, which can be 

divided into four main parts.  

1) Agricultural process: (i) crop production; (ii) 

crop harvest and transport; (iii) manure 

collection and transport; (iv) storage; (v) 

transport to digester; 

27th European Biomass Conference and Exhibition, 27-30 May 2019, Lisbon, Portugal

584



2) Biogas production: (i) digester feeding (ii) the 

AD process;  

3) Energy conversion: (i) energy generation 

(production of electricity and thermal heat); (ii) 

final use of energy produced; 

4) End of life of digestate: (i) storage; (ii) transport 

and digestate spreading. 

 

 

 This study does not examine the processes related to 

the plant’s construction as the material use, and key 

manufacturing processes are unclear. Consequently, the 

inputs related to the disposal of the plant were also not 

considered, as the processes were unknown. Additionally, 

the inputs related to the production of farm equipment 

(e.g., tractors, machines) were not included in the system 

boundaries due to the uncertainly regarding their energy 

input.  

 
 

Figure 1: System boundary 
 

2.2 Feedstock Yield 

This study models the implications of constructing and 

operating an AD plant on commercial dairy farms of 

various scales. The farm sizes modelled in this study were 

selected based on their ability to provide a full 

representation of the Irish dairy industry, which mainly 

consists of small to medium-sized farms, as illustrated in 

Fig. 2. Six dairy farm sizes were selected, these herd sizes 

include: 50 dairy cows (Scenario 1), 100 dairy cows 

(Scenario 2), 150 dairy cows (Scenario 3), 200 dairy cows 

(Scenario 4), and 250 dairy cows (Scenario 5). The number 

of dairy cows refers to the number of female bovine dairy 

cows, which have already calved and are kept exclusively 

to produce milk. 
 

  
 

Figure 2: Distribution of Ireland’s dairy farm holdings based on the number of farm holdings and total dairy cows [10]

A co-digestion feedstock of dairy cow manure and 

grass silage was selected for this model. The dairy cow 

manure is assumed to be readily available on the farm, 

while the quantity of grass silage for digestion was 

determined by the availability of grassland. The dairy 

enterprise is based on a self-contained Holstein–Friesian 

herd [11], retaining pure-bred replacements, which are 

housed for 16 weeks of the year [12], and selling beef 

crosses at three weeks. Dairy cows are culled, on average, 

after five lactations (i.e. annual replacement rate of 18%) 

which is common in Ireland as reported in the literature 

[13], [14]. It is assumed that 100% of manure can be 
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collected for digestion over the 16 week winter period. 

Estimating manure collection over the grazing period 

proves more difficult, where collection mainly occurs 

while the cows are milked. Based on a milking rate of two 

times per day and the increased metabolic process during 

this process, a 20% manure collection rate is assumed. 

Table I presents the average manure produced for adult 

cows, heifers, and calves based on age.  

 

Table I: Characteristics of dairy livestock [12], [15] 

 

Livestock Livestock weight 

target 

 

Total manure 

production 

(FW/day) 

Adult cows  

(< 24 

months) 

550 kg  52.2 kg  

Heifers  

(12 to 24 

months) 

406 kg  37.2 kg  

Calves  

(> 12 

months) 

175 kg  18.6 kg  

 

In the model, it is assumed that the dairy enterprise is 

the primary source of income with revenue from biogas 

production being a supplementary income stream. 

Subsequently, the production of grass on the farms is first 

used to sustain the dairy herd with only surplus crop used 

for biogas production. The farmland used to grow this 

feedstock was calculated by subtracting the mean utilised 

agriculture area (UAA) in Ireland from the area of land 

required to sustain the herd. The mean UAA for the 

scenarios considered include 43.51 (Scenario 1), 68.74 

(Scenario 2), 93.96 (Scenario 3), 119.19 (Scenario 4), and 

144.41 (Scenario 5)[10], To estimate the farmland 

required to sustain the dairy herd, the model uses a 

recommended ratio of 2.8 cows/ha with an additional 20% 

margin of safety added, to account for season variations 

and unusable land [12]. Silage yields in Ireland are 

typically between 11 to 15 t DS/hectares; yields are 

generally higher in the southwest and decrease towards the 

northeast [16], [17]. Because the majority of dairy farms 

are concentrated in the South of Ireland, a yield of 15 t 

DS/hectare has been assumed in this analysis [10], [18] 

 

2.3 Pre-digestion farm activities 

This study accounts for the direct and indirect energy 

inputs for the co-digestion feedstock prior to digestion. For 

the grass silage feedstock, energy inputs in cultivation, 

harvesting, recovery and digester feeding are accounted 

for and described in Table II and Table III.  

For the dairy cow manure feedstock, the energy inputs 

related to its collection, loading and transportation from 

the farm's cattle housing and milking parlour to the 

digester are accounted. According to [19], the energy input 

in loading and transporting liquid manure is 2.5 

MJ/tonne/km. The model uses this figure and an estimated 

distance of 500m between the manure storage and digester 

to calculated energy consumption.  

The system boundary assumes that the digestate 

produced from the AD process is spread as fertiliser on the 

farms own land without the need for additional artificial 

fertilisers. Therefore, the subsequent energy and CO2 

savings in comparison to a no plant scenario are credited 

as CO2 savings in the model (See Table II and Table III). 

 

Table II: Energy consumption in farm activities 

(Reproduced from [20]) 
 

Operation Diesel fuel consumed 

(l ha-1 y-1) 

Crop production 

Soil ploughing 4.67 

Grass seeding  5.31 

Sowing  1.59 

Weed control 0.24 

Transport and spreading 

of fertiliser  

18 

Crop collection and transport  

Harvest  47.20 

Harvest transport  25.49 

Silo compaction 8.80 

Digester feeding (Crops) 23.57 

 

Table III: Energy consumed and CO2 emitted from raw 

materials [20]–[22] 
 

 Application 

Rate  

(kg/ ha/yr)  

Energy 

consumed 

(MJ/kg) 

CO2 emitted 

(kg CO2/kg) 

Mineral fertiliser   

Nitrogen 82 70 ± 34 2.5 ± 0.1 

Phosphorus 

pentoxide 
11 12 ± 4 1.1 ± 0.4 

Potassium 

oxide 

29 

 
7.5 ± 2.5 0.67 ± 0.19 

Other raw materials   

Diesel  N/A 56.3 ± 5.6  3.64 ± 3.6  

Weed 

control 

0.11 

 

200 ± 20  15.45 ± 1.5  

 

2.4 Operation of the biogas plant 

Volatile solids (VS) represent the portion of the 

organic solids that can be digested, while the remainder of 

the solids is fixed [23]. Using the feedstock physical and 

chemical properties described in Table IV, the biogas 

flowrate per kg of VS were quantified using the Boyle–

Buswell stoichiometric relationship (Equation 1)[24]. This 

methodology assesses the biogas potential of organic solid 

waste through the AD process. As this methodology 

considers the total content of VS for biologically degraded, 

it can lead to an overestimation of the biogas produced 

[25]. Nevertheless, Boyle–Buswell has been commonly 

applied in literature as an effective matrix to gauge biogas 

potential [8], [26], [27].  

 

Table IV: Physical and chemical properties for dairy cow 

slurry and grass silage [8], [24], [28] 
 

 Dairy_cow 

manure  

Grass Silage 

Physical Properties 

Dry Solids (g kg-1) 87.5 ± 2.1  292.7 ± 3.4 

VS (g kg-1) 66.9 ± 1.8 87.5 ± 2.1 

VS/DS (%) 76.5 91.7 

Carbon (%) 58.62  46.43 

Hydrogen (%) 7.69 6.43  

Oxygen (%) 30.50 44.72  

Nitrogen (%) 2.92 2.36  

Sulphur (%) 0.27 0.06  
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The simulated plant consists of a mesophilic 

continuously stirred tank reactor (CSTR) with all biogas 

produced used in a combined heat and power (CHP) unit. 

The annual operating time of the plant is assumed to be 

8,000 hours (91% of the year), allowing for routine 

maintenance and repair as reported in the literature [29]–

[31]. The hydraulic retention time of the plant is 25 days 

[32]. Based on the rate of biogas flow, it was possible to 

size the required CHP unit using the CHP capacity 

equation put forward by [33]. Based on the requirements 

of the CHP unit, a 30% electrical efficiency and a 60% 

thermal efficiency were assumed for all plants, based on 

supplier’s technical specifications [31], [34], [35] [19], 

reported that the primary power consumption in the 

operation of an AD plant is the pumping and stirring of 

feedstock (7.2 kWh/tonne). The net electricity produced 

via the CHP unit is first used to meet the electrical demand 

of the farm with surplus electricity exported to the national 

grid. 

The energy required to heat and maintain the digester 

temperature is calculated using Equation 1. Equation 2 is 

used to calculate the plant's heat losses (hl), and Equation 

3 is used to estimate the energy required to heat the 

digester feedstock (q). The operating temperature of the 

digester is assumed to be a constant temperature of 40°C 

with an incoming feedstock of 10°C, which is typical for 

the South of Ireland [36]. 

 

Total heat requirement for the process = ℎ𝑙 + 𝑞 (1) 

 

ℎ𝑙 = 𝑈 𝐴 ΔT        (2) 

 

 where hl, heat loss (kJ s-1); U, overall coefficient of 

heat transfer (W m-2 oC); A, cross-sectional area through 

which heat loss is occurring (m2); ΔT, temperature drop 

across surface area (oC).  

 

𝑞 = 𝐶 𝑄 ΔT        (3) 

 

where q, energy required for heating feedstock (kJ s-

1); C, specific heat of the feedstock (kJ/kg/oC); Q, the 

volume to be added (m3); ΔT, the outside and inside 

temperature difference (oC).  

 

2.5 Final use of energy produced 

The energy produced in the form of electricity and heat 

via the CHP unit is used in four main areas, these include: 

(i) the operation of AD plant, (ii) satisfying the dairy 

enterprises energy demand, (iii) exported to the national 

grid (electricity) (iv) exported to district heating system 

(thermal heat).   

As depicted in the system boundary (Fig. 1), all energy 

requirements for the operation of the AD plant are met 

internally via the CHP engine where no CO2 emissions are 

assumed. Surplus thermal heat is fully used on-site with 

the understanding that it is displacing kerosene. According 

to [37], the energy output from kerosene is 36.4 MJ/l and 

CO2 at 0.25 tCO2/MWh.  

The energy demand of the farm is calculated by using 

the energy requirements per litre of milk, as reported in the 

literature [38]. The average yield of an Irish dairy cow is 

assumed to be 5,000 litres, as stated by [39]. The thermal 

energy generated by the CHP unit is understood to displace 

kerosene oil, which is the primary heating fuel on Irish 

farms [38].  

In the situation where the electricity needs of the AD 

plant and farm have been met, surplus power is then 

exported to the national grid. The subsequent CO2 savings 

are calculated based on the average emissions produced by 

the current energy mix of 0.367 t CO2/MWh [40]. Due to 

transmission and distribution losses, electricity exported 

receives an 8% energy reduction [41].  

There are many possible applications of the surplus 

heat generated by the plant, which is not used in 

maintaining the digesters temperature or to meet the farm's 

heat demand. One such application is a district-heating 

scheme, which distributes heat generated from a 

centralised location through insulated pipes to residential 

and commercial energy users. Such a system has been 

selected for this study, where the thermal energy produced 

is transferred from a network of insulated pipes to nearby 

residential homes. The thermal heat supplied is understood 

to displace kerosene in these houses. Equation 5 is used to 

describe the heat transfer capacity of the pipe work utilised 

with the subsequent heat losses calculated using [42] 

methodology. An average distance of 300m is assumed 

between the CHP unit and the residential housing for this 

study. The exported thermal energy is understood to 

displace kerosene heating oil.  

 

𝑄 = 𝜋 𝑟2 v ΔT C        (5) 

 

 where Q, heat transfer capacity of pipe (kW); r, pipe 

internal radius (mm); v, fluid velcity (m3/s); ΔT, 

temperature difference between the flow and return (oC); 

C, specific heat of fluid (kJ/kg/oC). 

 

2.6 Establishment and operating costs   

As a new enterprise, establishment costs have to be 

accounted for within the model. The capital cost for the 

AD plant was quantified by compiling the capital costs and 

associated CHP electrical capacity of a number of SSAD 

plant’s (Fig. 4). The data gathered gave an estimation of 

the average establishment costs for the model. Fig. 4 

correlates with similar studies [31], seeing a reduction in 

capital costs as the capacity of the plant increased.  

The published data available on the running of Irish 

farm scale AD plants are quite limited, mainly due to the 

relativity low number of plants in operation [43]. 

Considering these variations, this study puts forward a list 

of annual expenditures to provide an accurate 

representation of the Irish context.  

 

• The plants incur an annual maintenance cost of 

2.5% of the total capital cost as reported in the 

literature [44].  

• According to [45], insurance costs are typically 

1% of total capital costs, which is observed in the 

model.  

• According to [46], the time required to operate the 

AD plant is a minimum of 8.5 working hours (net) 

per kWe capacity installed. The cost of labour for 

a staff member in this position is estimated to be 

€15/hr, which is considered standard in Ireland for 

this position [46]. 

Taxes and interest were not considered in the financial 

assessment of the plants. Taxes are calculated based upon 

the company’s total profits or loss; therefore, including 

taxes would not reflect the actual revenue generated by the 

project. Interest was also not considered as it would give a 

distorted representation of the cost of financing because of 

its reliance on the mood of the financial market.  
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Figure 3: Establishment cost for farm-scale anaerobic 

digestion plants [5], [47]–[51] 

 

2.7 Revenue streams and financial indicators 

Electricity exported to the national grid is sold 

according to the Renewable Energy Feed-in Tariff 

(REFIT), introduced by the Irish Government in May 

2010. These tariffs were offered for 15 years with 

indexation, including a rate of 15.8c/kWh for electricity 

exported from an AD plant with a CHP capacity of less 

than or equal to 500kW. The current Irish REFIT schemes 

have since closed as of December 2015. It is presumed that 

this support will reopen in the coming years with a new 

funding round. Revenue is calculated at the point that 

exported electricity enters the national grid with 

subsequent transmission and distribution losses not 

considered.    

Energy used to satisfy the farm’s on-site power 

demand is based upon Ireland’s business electricity rates 

from July to December 2017 [52]. The farm scenarios 

considered under this study are compatible with two rates; 

energy users consuming less than 0.02 GWh/yr, a purchase 

rate of 19.9 c/kWh applies, for energy users consuming 

between 0.02 to 0.5 GWh/yr a rate of 15.1 c/kWh.  

The thermal energy produced via the CHP engine is 

understood to displace kerosene heating oil as a fuel at the 

cost of 8c/l [53]. In addition, the simulated plants take 

advantage of the “Support Scheme Renewable Heat” set to 

be launched in late-2019, subject to state approval [54]. 

The scheme provides a tariff of 2.95c/kWh for heat 

produced from AD that replaces fossil fuel [55].  

According to [56], the 2018 cost of fertiliser in Ireland 

ranged from a minimum of  €370/t to a maximum of 

€385/t. Using the average, the subsequent economic 

benefits have been approximated for this model. The 

annual fertiliser application rate has already been 

described in Section 2.3 – Table III. Fertiliser savings are 

assumed to only occur for land allocated for anaerobic 

grasslands with the assumption that land for sustaining the 

herd still requires artificial fertiliser.  

Accounting for the cost of infrastructure the revenue 

generated from the sale of thermal heat via the district 

heating system is estimated to be €0.03/kWh.  

The financial indicators used to assess and compare 

the economic performance of the different plant scenarios 

include the net present value (NPV), internal rate of return 

(IRR), and payback period. The NPV indicates whether 

the project is profitable, taking into account the value of 

cash flows, i.e. revenue streams, capital investments and 

operational cost (See Equation 6). The IRR is the discount 

rate that produces a zero NPV. The payback period refers 

to the number of years it takes to generate enough revenues 

to pay the investment back, without taking into account the 

time value of money.  

The discount rate reflects the risk an investor takes in 

investing in a project. The higher the risk the larger 

discounted rate expected in compensation. This study uses 

a discount factor of 5%, and a project lifespan of 20 years 

which is deemed appropriate for AD project of this scale 

as reported in the literature [57]–[59]. 

 

𝑁𝑃𝑉 =  ∑
𝑁𝐶𝐹𝑡

(1 + 𝑟)𝑡
           (6)

𝑛

𝑡=0

 

 

 where NCFt is the expected net cash flow at time t and 

r is the average periodic rate at which the enterprise can 

borrow from time 0 to n.  

 

Government supports through capital subvention 

grants have proven effective in increasing the deployment 

of AD plants by significantly lowering establishment 

costs. Grants of up to 50% have been adopted in countries 

such as Sweden, France, Wales and England [5]. This 

study incorporates a government subvention grant of 50% 

to provide an understanding of its implications.  

 

 

3 RESULTS 

 

In this section, the technical and economic parameters 

of the scenarios under study are presented and analysed. 

 

3.1 Technical Results 

The technical parameters of the SSAD plants under 

study are presented in Table V. These parameters provide 

an overview of the plant’s operation in terms of feedstock 

use, plant specifications, resulting methane yield and 

application of energy. The cow manure yield increases 

linearly as it is directly proportional to the number of 

livestock on the farm. Interestingly the UAA available for 

biogas production increased by just 35.4% between the 

smallest and largest farm sizes, showing that a larger 

proportion of farmland is potentially available for biogas 

production in farms with smaller herd sizes. Energy 

generated via the CHP unit is first used to meet the internal 

needs of the plant with external applications only 

considered when excess energy is available. All scenarios 

examined exhibited a net energy generation, which was 

used to supply external applications, as shown in Fig. 5. 

The farm’s energy demand represents a relatively small 

portion of the total energy generated, ranging from 3.0% 

to 4.6%. The majority of the energy generated is exported 

off-site, representing between 65.7% and 71.1% of the 

total energy generated, demonstrating the need for external 

applications at the plants planning stage.   
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Table V: Technical characteristics of scenarios under study 

 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Herd Characteristics 

Herd size (adult cows) 50 100 150 200 250 

Cow manure yield (t FS/yr) 505 1,010 1,515 2,020 2,525 

Crop Characteristics 

UAA available (hectares) 21.19 24.10 27.00 29.90 32.81 

Grass silage yield (t FS/yr) 1,086 1,235 1,384 1,532 1,681 

CHP Specifications 

CHP engine power (kWe) 18 28 38 47 57 

Methane Yield 

Methane yield (m3/yr) 45,510 70,349 95,188 120,027 144,867 

Energy Consumption of AD Plant 

Electricity consumption (kWh/yr) 11,456 16,164 20,872 25,580 30,288 

Thermal heat consumption (kWh/yr) 53,021 74,657 96,269 117,864 139,445 

Farm Energy Demand 

Electricity demand (kWh/yr) 7,780 15,561 23,341 31,121 38,902 

Thermal heat demand (kWh/yr) 2,353 4,706 7,060 9,413 11,766 

Final Use of Excess Energy 

Exported electricity to grid (kWh/yr) 102,257 156,238 210,220 264,201 318,182 

Equivalent electricity consumption in 

residential homes (Irish homes/year)a 25 38 51 64 78 

Exported heat to district heating 

system (kWh/yr) 
160,276 266,754 373,256 479,775 586,307 

Equivalent heat consumption in 

residential homes (homes/year)b 
15 24 34 44 53 

a Electricity consumption of an average residential house is assumed to be 4,200 kWh/yr as reported in the literature [60] 
b Heat consumption of an average residential house is assumed to be 11,000 kWh/yr as reported in the literature [60] 

 

  
 

Figure 4: Final electrical and thermal heat energy usage via CHP unit 

3.2 Environmental Results 

A CO2 balance fully assessing the CO2 inputs and 

outputs of the scenarios under investigation is presented in 

Table VI. The methodology undertaken was a “cradle-to-

grave” approach to provide an accurate representation of 

the net CO2 savings for each of the SSAD plants per year.  

The activity which resulted in the largest production of 

CO2 emissions was “Feedstock Collection and Transport”, 

contributing approximately 60% of the total CO2 

emissions released per annum.   

All scenarios investigated exhibited a net CO2 

reduction. Significant net CO2 savings were shown for 

each of the scenarios under investigation even in the 

smallest farm size investigated (Scenario 1), with savings 

of 76,233 kg CO2 per year (equivalent to taking 161 cars 

off the road). This shows that SSAD can have a 

meaningful contribution even at relativity small sizes. 
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Table VI: Annual CO2 balance for scenarios under study 

 

a Diesel consumption per car reported to be 1,259 litres/yr as reported in the literature [61] 

3.3 Economic Results 

A comprehensive economic analysis was carried out 

to investigate the revenues, expenditures, and financial 

indicators of each of the scenarios under investigation over 

a 20-year life span, as illustrated in Table VII.  The results 

of this analysis showed SSAD plants to be economically 

feasible and profitable for commercial dairy farms with 

>100 dairy cows. Although the payback periods of farm 

sizes between 100 and 200 dairy cows are relatively long, 

which may dissuade potential investors.   

The largest revenue generators have been 

overwhelmingly electricity sold to the national grid and 

thermal heat sold to a nearby district heating system. These 

two applications should be key considerations in the 

planning process for any such a development considered.  

The capital expenditure required decreases 

significantly as the capacity of the plant increased, 

primarily credited to the economies of scale that occur.  

In addition to the economic analysis of the scenarios 

under study, this work also explores the adoption of a 

capital grant subvention in an attempt to provide a possible 

political pathway to increase the adoption of SSAD in 

Ireland. Such legislation has proven successful in 

countries such as Sweden, France, Wales and England, 

where capital grants of up to 50% have been applied [5]. 

As shown in Fig. 6, the addition of a 50% capital grant 

subvention has a significant impact on the scenarios 

payback periods, resulting in all scenarios having a 

payback period of under 14 years with Scenario 4 and 

Scenario 5 particularly attractive with a payback period of 

under six years.    

 

 

 

 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

CO2 produced (kg CO2 yr) 

Crop production 

Soil ploughing  264 300 336 372 408 

Grass seeding 300 341 382 423 464 

Sowing  90 102 114 126 139 

Weed control (Fuel) 13 15 17 19 21 

Weed control (Mineral production) 327 372 417 462 507 

Feedstock collection and transport 

Harvest  2,665 3,030 3,395 3,760 4,125 

Harvest transport 1,439 1,636 1,833 2,030 2,227 

Silo compaction  497 565 633 701 769 

Digester feeding (Crops) 1,331 1,513 1,695 1,878 2,060 

Collection and digester feeding (Manure) 92 185 277 370 462 

Dairy farm processes 

Electrical demand 2,855 5,711 8,566 11,421 14,277 

Thermal heat demand 588 1,177 1,765 2,353 2,942 

Digestate disposal 

Transport and spreading of digestate 985 1,902 2,818 3,735 4,652 

Total CO2 produced 11,447 16,848 22,250 27,651 33,053 

CO2 reduction (kg CO2 pa) 

Electricity exported  38,138 58,558 78,979 99,400 119,820 

On-farm  electricity displaced 2,193 4,386 6,579 8,772 10,965 

On-farm thermal heat displaced 588 1,177 1,765 2,353 2,942 

Heat displaced through district heating  40,069 66,688 93,314 119,944 146,577 

Fertiliser savings (Fuel) 1,016 1,155 1,295 1,434 1,573 

Fertiliser savings (Mineral production) 5,013 5,699 6,386 7,073 7,760 

Total CO2 reduction 87,017 137,664 188,318 238,975 289,636 

Net CO2 savings (kg CO2 yr) 76,233 122,141 168,055 213,974 259,895 

Equivalent savings in cars displaced 

(cars/yr)a 161 252 356 453 550 
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Table VII: Economic results of small-scale anaerobic digestion plants over a 20-year lifespan 
 

 Scenario  1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Project Revenues (€) 

On-site electricity savings  €23,782 €47,563 €71,345 €72,181 €90,227 

Savings from 

displacement of kerosene 
€3,765 €7,530 €11,296 €15,061 €18,826 

Sale of exported 

electricity 
€356,060 €546,710 €737,360 €928,010 €1,118,660 

Sale of excess heat to 

district heating  
€96,166 €160,052 €223,953 €287,865 €351,784 

Support Scheme for 

Renewable Heat 
€1,388 €2,777 €4,165 €5,554 €6,942 

Fertiliser Savings  €19,520 €22,195 €24,869 €27,544 €30,218 

Total Revenues €500,681 €786,827 €1,072,988 €1,336,214 €1,616,657 

Project Expenditures (€) 

Investment Costs       

Capital Costs Inc. CHP €297,328 €353,692 €410,055 €466,419 €522,783 

Operating Costs      

Maintenance & Repair 

Costs incl. CHP  
€148,664 €176,846 €205,028 €233,210 €261,391 

Insurance €89,198 €106,108 €123,017 €139,926 €156,835 

Labour €45,833 €70,849 €95,865 €120,880 €145,896 

Total Operating Costs €283,696 €353,802 €423,909 €494,016 €564,122 

Financial Indicators (€) 

Profit before tax €216,985 €433,025 €649,079 €842,199 €1,052,535 

NPV at 5% (€) -€162,122 -€83,869 -€5,607 €58,364 €133,062 

IRR (%) -3% 2% 5% 6% 8% 

Payback period (Years) 27.41 16.34 12.63 11.08 9.93 

Payback periof (Incl. 

capital grant) 
13.70 8.17 6.32 5.54 4.97 

 

 
 

Figure 5: Comparison of payback periods of scenarios including and excluding a 50% support capital grant  
 
 

4 DISCUSSION 

 

The case studies explored in this work have shown 

SSAD plants to be economically feasible and profitable for 

dairy farms with >100 dairy cows. All scenarios examined 

exhibited a net CO2 reduction with net energy generated 

from the application of SSAD. Although this study has 

shown SSAD to be economically visible, the need for 

further government supports and financial incentives is 

apparent, where the long payback period required may 

dissuade investors. A potential government support 

explored in this study was the adoption of a capital grant 

subvention. Such legislation has proven successful in 

countries such as Sweden, France, Wales and England, 

where capital grants of up to 50% have been applied [5]. 

As shown in Table VII, the addition of a 50% capital grant 

subvention reduced the payback period by 4.97 to 13.7 

years. Providing a possible pathway if the Irish 
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government wish to proceed in supporting the deployment 

of SSAD.  

The economic results also indicated a need for varying 

rates of feed-in tariffs based on the capacity of the plant, 

where higher capacity plants exhibit lower costs due to the 

economies of scale that occurs. At present, the Renewable 

Energy Support Scheme proposed to be implemented 

provides a single tariff of 10 cents/kWh for AD plants. 

Likewise, the REFIT 3 incentive previously introduced 

provided just two tariffs, a rate of €ct. 15.8/kwh for plants 

with a CHP capacity up to 500 kW and €ct. 13.7 per kWh 

for plants exceeding this capacity. To maximise the 

potential deployment of SSAD plants, government support 

schemes need to recognise the additional costs associated 

with smaller capacity plants and therefore implement 

policy that counteract such expenditures.   

Irelands national herd size has grown significantly in 

the past five years from 1,082,500 dairy cows in 2013 to 

1,369,100 in 2018 (+21%) [7], [62]. Much of the recent 

growth has stemmed from the removal of the European-

wide milk production quotas in 2015, which saw milk 

output increase by 8% and 9% in 2016 and 2017 [63]. At 

present, the average dairy herd size in Ireland is 

approximately 80 cows in 2016 (Irish Farmers’ 

Association, 2017), considering recent growth this places 

SSAD in the context of the model developed in the 

economically feasible zone but by a relatively small 

margin. Ireland’s semi-state advisory authority Teagasc 

has set a national target of increasing the national dairy 

cow population to 1.7 million by 2025, an increase of 19% 

in comparison to 2018 figures [7], [64]. When considering 

these targets, it is anticipated that the average national 

farm herd will exceed 100 dairy cows by 2025 [64]. The 

argument for the applicability of SSAD continues to 

deepen not only for the potential economic benefits but 

also for its capacity to mitigate GHG emissions. 

From an environmental perspective, Ireland’s 

expected failure to meet its EU 2020 commitments will put 

further pressure on the state to undertaken climate action 

policy due to the compensation in the form of carbon 

credits it will be forced to pay [2]. In addition, the state has 

also committed itself to at least a 40% reduction in GHG 

emissions by 2030, resulting in a need for long-term 

climate action policy [65]. This study has shown that from 

the successful implementation of SSAD a net reduction of 

between 76 and 260 tonnes CO2 per year (Table. VI). If 

the widespread deployment of SSAD were to occur in 

Ireland, a rough calculation shows a net CO2 reduction of 

15,854 tonnes/year could be achieved if 20% of all farms 

holding with <250 dairy cows (61 farm holdings) were to 

implement the technology [10].  

Based on the literature and the findings of this study, 

the cost of finance has been the overriding barrier in the 

deployment of SSAD plants across Europe [47], [66], [67]. 

Issues cited include investors being uneasy with the 

technology due to limited case studies, the relative 

newness of the technology, and a lack of expertise within 

financial institutions to assess such plants. Over the next 

few years, it is anticipated that the capital and operational 

costs of such plants will reduce dramatically. This is based 

on the most recent technological advancements, where a 

growing emphasis on smaller capacity plants have led to 

cost reductions primarily through the development of 

modular systems and plug and play design. Several 

companies are in the testing phase, or have fully 

commercialised such systems in the European market 

place, with a wide variety of technologies at various sizes 

now in development [68]–[73].  

 

 

5 CONCLUSION 

 

Over the coming years, it is anticipated that the 

number of SSAD installations in the Irish agriculture 

sector will increase significantly. With the insights 

developed by this study, increasing emphasis on reducing 

the environmental impact of the agricultural sector, and 

together with increasing advancements in the technology, 

the potential benefits of the technology for Ireland are 

significant. To build upon the findings of this study, future 

work will involve collaborating with an industrial partner 

to develop and test an SSAD system at demonstration 

scale. 
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