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SUMMARY OF RESULTS 

This report summarises the results of work at 

AFBI, Hillsborough on co-digestion of grass 

silage with cattle slurry.  To date there have been 

2 phases of co-digestion, each lasting 6 months.  

The phase 1 report can be accessed via the 

following link: 

 http://www.afbini.gov.uk/index/services/services-

specialist-advice/renewable-energy/re-anaerobic-

digestion.htm 

 

Phase 2 ran from February 2012 – July 2012 and 

involved feeding grass silage at double the amount 

of organic matter of that fed in phase 1.  The 

results are summarised below. 

 

1. One tonne of fresh grass silage containing 

on average 242 g/kg dry matter produced 

94 m3 of methane, equivalent to 940 kWh 

of gross energy. 

2. One tonne of grass silage organic matter 

produced 415 m3 of methane.1 

3. Compared to the slurry only feeding phase, 

the amount of organic matter fed during 

this phase 2 of grass silage co-digestion 

was 34% greater and produced 89% more 

biogas, equivalent to 77% more energy 

production as methane. 

4. One tonne fresh grass silage produced on 

average 10.9 times the amount of energy 

from that obtained from 1 tonne of dairy 

cow slurry. 

                                                 
1 (Organic matter equals dry matter content minus ash 
content).  Ash content of grass silage is approximately 6-8% 
of the dry matter content and is not digestible, hence it is 
subtracted from the dry matter content. 

5. 32 kWh energy per tonne of feedstock (as 

heat) was required to maintain mean 

digester temperature at 370C (22 % of gross 

energy produced). 

6. The amount of nitrogen contained in the 

digestate was equal to the amount of 

nitrogen fed in the feedstock.2  

7. The available nitrogen concentration in 

digestate was 27 % greater than that in the 

feedstock mix. 

8. Average hydrogen sulphide concentration 

of the biogas was 1470 ppm. 

9. The dry matter concentration of digestate 

was 25 % lower than that of the feedstock 

mix (reflecting the removal of dry matter in 

the biogas). 

PERFORMANCE OF THE AFBI ON-FARM 
DIGESTER 

Over a 6 month period from February 2012 to July 

2012, the digester was fed with on average 1.8 

tonnes of grass silage, containing 24% dry matter, 

5 days per week, plus 19.8 tonnes of dairy cow 

slurry fed every day (7.6% DM).  The total 

amount of organic matter fed was on average 34% 

more than that fed during slurry only feeding, but 

energy production was increased by 77%, 

reflecting the higher digestibility and 

consequently higher methane yield from grass 

silage organic matter, compared to that from 

slurry only. 

 

Table 1 presents a summary of the AFBI digester 

performance for the 2 co-digestion phases, 
                                                 
2 This is expected, as biogas contains little or no nitrogen, 

so the nitrogen input should be fully recovered in the 

digestate. 
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alongside that from the previous 30 months, when 

dairy cow slurry was the sole feedstock.  The main 

points to note are that during phase 2 co-digestion: 

 Biogas production increased by 89% 

relative to the slurry only period. 

 Methane production (energy) increased by 

77% relative to slurry only period. 

 Methane content of biogas decreased by 

6% (from 55.7% during slurry only 

feeding to 52.2% during phase 2). 

 The concentration of available N in 

digestate after co-digestion with grass 

silage was 2.23 g NH3-N/kg, cf. 1.75 g 

NH3-N/kg in the feedstock mix of slurry 

and grass silage (27 % increase). 

 Grass silage produced 2.6 times more 

methane per tonne organic matter than 

dairy cow slurry (415 m3 cf. 158 m3), 

equivalent to 1,452 kWh electricity 

(assuming a CHP electrical efficiency of 

35 %). 

 
  



 

Table 1: Performance of the AFBI anaerobic digester during co-digestion of dairy cow slurry and grass 
silage at two different amounts, compared to slurry only digestion over 30 months  

 

Inputs Slurry only1 
Slurry + 

grass silage2 
Phase 1 

Slurry + 
grass silage3 

Phase 2 

% Difference 
Phase 2 cf. 
slurry only 

Slurry (tonnes/day) 19.9 19.8 19.8 -0.7 

Grass silage (tonnes/day) - 0.75 1.28 - 

Dry matter (total solids) (tonnes/day) 1.41 1.45 1.83 29.0 

Organic matter (tonnes/day)4 1.10 1.22 1.47 33.7 

Organic matter (kg/m3 digester per day) 2.06 2.08 2.58 25.1 

Retention time (days) 26.8 27.1 27.2 1.4 

Temperature (0C) 37.1 37.0 37.1 0.0 

Outputs  

Digestate (tonnes/day) 19.7 20.1 20.1 2.0 

Biogas (m3/day) 312 414 589 88.8 

Methane (m3/day) 174 208 307 76.7 

Methane content of biogas (%) 55.7 50.5 52.2 -6.3 

Hydrogen sulphide content of biogas (ppm) 1670 1733 1470 -12.0 

Efficiency measures  

m3 biogas/tonne fresh 15.7 20.2 28.0 78.4 

m3 biogas/m3 digester/day 0.59 0.75 1.03 74.8 

m3 biogas/tonne dry matter (total solids) 223 285 324 45.1 

m3 biogas/tonne organic matter 285 358 401 40.6 

m3 methane/tonne organic matter 158 181 209 32.3 

Digester heating (kWh/tonne input) 32 33 32 0.0 

Energy required for digester heating 
(% gross energy produced) 

37 33 21.9 -0.7 

Slurry  

Dry matter (kg/tonne fresh) 71.1 65.4 76.3 +7.3 

Organic matter (kg/tonne fresh) 55.5 51.0 59.5 +7.2 

Nitrogen (kg/tonne fresh) 3.33 3.03 3.68 +10.5 

Ammonia nitrogen (kg/tonne fresh) 1.78 1.50 1.83 +2.8 

pH 7.23 7.34 7.30 +1.0 

Digestate  

Dry matter (kg/tonne fresh) 55.3 53.4 64.7 +17.1 

Organic matter4 (kg/tonne fresh) 41.3 39.1 47.5 +14.9 

Nitrogen (kg/tonne fresh) 3.36 3.09 3.89 +15.7 

Ammonia nitrogen (kg/tonne fresh) 2.10 1.78 2.23 +6.1 

Ammonia nitrogen /Total nitrogen 0.63 0.58 0.57 -9.0 

pH 7.92 7.95 8.02 +1.3 

Dry matter digested (%) 24 28 34.3 43.1 
Organic matter digested (%) 31 36 42.5 37.1 

1 January 2009 to July 2011; 2 August 2011 to January 2012, 3 February 2012 to July 2012, 4 Organic matter content of slurry and 
silage provisional and to be confirmed following lab analysis. 
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Table 2:  Grass silage parameters during phase 2  

Dry matter 
(kg/t fresh) 

Nitrogen 
(kg/t fresh) 

Ammonia 
nitrogen 

(kg/t fresh) D value

Proportion of silage 
organic matter to 

slurry organic 
matter 

Methane 
yield/tonne 

organic matter 
(m3) 

Methane 
yield/tonne 
fresh silage 

(m3) 

242 4.95 0.52 61 0.25 4151 941 
1 Calculated by subtracting the assumed methane production from slurry component – based on previous slurry only results 

 

Practical issues 

See grass silage co-digestion phase 1 report at 

http://www.afbini.gov.uk/index/services/services-

specialist-advice/renewable-energy/re-anaerobic-

digestion.htm 

A new silo was opened approximately halfway 

through phase 2.  The DM content of this silo was 

27%, with a slightly higher D value (63) 

compared to the previous silo.  The silage was 

from a 4th harvest taken in early October, but was 

well preserved.  The inline macerator had some 

difficulties dealing with this silage, as it was quite 

leafy and consequently hard to macerate.  Several 

times there was over pressure on the silage feed 

line to the  macerator, causing the  Quickmix to 

cut out and silage feeding to stop until the 

problem was rectified.  This could happen 

following a larger plug of silage being discharged 

from the Trioliet tub feeder into the Quickmix and 

then into the re-circulating digester contents 

pipeline.  There were also some blockages of the 

macerator, when it became totally jammed with 

silage.  Occasionally silage seemed to build up on 

the post maceration side of the macerator (for 

some unknown reason) and then eventually cause 

a blockage on the pre-maceration side.  The 

maceration plate was removed for the current 

phase 3 of co-digestion when the silage quantity 

was increased.  To date there have been no 

problems as a result of this action and no 

indication of any negative effects such as a 

floating layer in the digester tank.  Consideration 

is being given to moving the macerator to the pre-

intake side of the silage feeder, rather than post 

silage intake where the problems initially 

occurred.  The thinking is that this would allow 

some macerator of the digester contents, which 

would be directly related to the amount of silage 

fed, but without lumps of silage being directly fed 

through the macerator.  Any lumps should be well 

diluted in the digester before re-circulation to the 

solids feeder. 

 

Biogas recirculation under pressure is employed to 

mix the digester contents.  Digester mixing times 

were increased following the commencement of 

grass silage co-digestion, to ensure that a layer of 

fibre did not accumulate on top on the digester 

contents (initially this was happening).  AFBI has 

had no problems with the formation of a floating 

layer since increasing the mixing times.  It is 

apparent from talking to some local farmers who 

are digesting grass silage, that the prevention of a 

floating layer is a challenge.  A lot more mixing 

seems to be required than would normally be the 

case when maize silage or similar material is the 

dominant feedstock. 
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Comments 

Using AFBI data, which show a methane yield 

from grass silage at 24% DM of 94 m3/t fresh 

(table 2) and assuming 10 tonnes DM/ha of grass 

silage is available to feed out of a clamp for 

anaerobic digestion (after in field and in silo 

losses are accounted for), indicates that 

approximately 38 MWh/ha/annum gross energy 

(136 GJ) could be produced from the digestion of 

grass silage.  This is equivalent to 1.51 kW/ha 

continuous production of electricity, assuming all 

biogas is combusted in a CHP (35% electrical 

efficiency and ignoring AD plant electrical 

consumption).  This level of production is 23% 

greater per tonne of silage organic matter than that 

obtained during phase 1 of grass silage co-

digestion.  The reasons for this are unclear. 

 

It is the opinion of the authors that the amount of 

energy produced from this relatively low quality 

silage is exceptional and may not be 

representative of what might normally be expected 

from silage of this quality (D-value 61).  It must 

be remembered that anaerobic digestion is a 

complex bacteriological process, with many 

different parameters that affect the amount of 

energy produced from any given feedstock or 

feedstock mix.  It is also acknowledged that the 

amount of silage fed relative to the volume of 

slurry fed in the current work at AFBI is modest, 

compared to the likely situation on farms 

employing AD in N.I.  On these farms grass silage 

may represent 50% or more of the total feedstock 

on a fresh weight basis.  However, it is worth 

remembering that the organic loading rate (kg 

organic matter fed/m3 of digester/day and the 

digestibility of that organic matter is the main 

driver of biogas production.  Slurry has a 

relatively low organic matter digestibility or D-

value (approx 30%, table 1), whereas grass silage 

D-values normally range between 60 – 70+.  The 

energy produced from grass silage in this phase 2 

was circa 71% of the theoretical total possible, 

even though the silage analysis predicted a D-

value of 61.  A reason for this difference might be 

that the actual D-value was higher than predicted, 

or it could be that the amount of production 

attributed to the slurry component is 

underestimated.  However, over any 6 month 

period during the slurry only feeding phase, the 

amount of methane produced per kg of slurry 

organic matter was very consistent.  Whilst the 

excellent results from grass silage could also be 

due to synergy between the slurry and silage fed, 

lab-scale work at AFBI did not indicate any such 

synergy.  Hence, the jury is still out as to why the 

yield of energy from grass silage in this phase was 

so good.  Early indications from phase 3 of silage 

co-digestion research programme are that biogas 

production from the silage component is at a 

similar level to phase 1 (which is still very good, 

considering the low quality of the crop). 

 

The digester organic loading rate in phase 2 was 

2.58 kg organic matter/m3 digester/day.  This is a 

relatively modest organic loading rate.  A loading 

rate of up to 4 kg organic matter/m3/day would be 

considered feasible.  Extrapolating the data in this 

report to calculate biogas production from 

substituting slurry with grass silage, to achieve a 

loading rate of 4 kg organic matter / m3 digester / 

day, suggests methane production could be circa 
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534 m3/day, (obtained from 17 tonnes slurry @ 

7% DM, plus 4.1 fresh tonnes grass silage @ 24% 

DM, while retaining the same retention time).  

This volume of methane could produce the 

equivalent of 78 kW electricity continuously (CHP 

35% electrical efficiency) from a digester working 

volume of 580 m3.  This level of output equates to 

7.4 m3 digester per 1 kW electrical output.  A 

general rule of thumb is in the order of 10 m3 

digester per 1 kW electrical output (5,000 m3 for 

500 kW electrical capacity).  The current 

programme of work at AFBI will determine how 

energy production from grass silage digestion 

changes as the proportion fed increases and 

silages with differing fermentation characteristics 

are used. 

 

The total N content of digestate during phase 2 

(3.89 kg/tonne) was 0.5 kg/tonne higher than that 

produced during the slurry only period.  This 

reflects both the higher N content of the slurry fed 

during this co-digestion phase and the N content 

of the grass silage (4.95 kg/tonne fresh).  The 

available N content of digestate, compared to 

digestate from the slurry only phase, increased by 

a modest 0.13 kg/tonne.  This reflects the lower 

ammonia N content of silage (10% of total N), 

compared to 50% ammonia N content in the cattle 

slurry fed.  Well preserved grass silage should 

have an ammonia N content of 10% or less.  With 

slurry only feeding, the digestate ammonia N 

content was increased by 18%.  The figure for 

phase 1 co-digestion was 22% and this increased 

to 27% during phase 2 co-digestion (when 

compared to the ammonia N content of the mix 

fed).  This reflects the greater breakdown of silage 

organic matter, relative to that in slurry (2.6 times 

as much). 

 

Anaerobic digestion is a ‘closed system’; hence all 

inputs should be accounted for in the outputs.  The 

volume reduction of slurry as a result of digestion 

was found to be about 2%.  The weight reduction 

of grass silage due to digestion is in the order of 

15-20% (calculated from the volume of biogas 

and the concentration of constituent gases).  The 

volume change of digested grass silage may be 

different from the weight change, depending on 

the density of digestate, relative to the density of 

fresh silage.  However co-digestion of feedstocks 

such as grass silage with slurry will increase post 

digestion storage requirements relative to slurry 

only requirements.  Note that adequate storage of 

digestate must be provided, to cover the ‘closed 

period’ when land spreading of slurry or digestate 

is not permitted. 


