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Bioenergy and Biofuels Research Group (B2RG) 
 Funding of €3.5 M since inception in 2007 from: 

 EPA, SFI, DAFF, IRCSET, BGE, BGN, HEA PRTLI, Marie Curie ITN, Ecoventii 
 Published  

 58 peer review journal papers 
 29 peer review conference papers 

 Papers have received 1255 citations, H factor of 21 
 Graduated 4 PhD students, 3 in place, funding for 6 more 
 Supervised 4 post-doctorates, funding for 2 more. 

 
Research in transport and 
thermal sector 



EC, Proposal for a DIRECTIVE OF THE EUROPEAN PARLIMENT Brussels 2012.  
In : http://ec.europa.eu/clima/policies/transport/fuel/docs/com_2012_595_en.pdf 
 
The share of biofuels from cereal and other starch rich crops, sugar and oil crops limited to 
consumption in 2011 (ca. 5%) 
 
Biofuels (from algae, municipal solid waste, manures and residues) and gaseous fuels from 
non biological origin shall be considered at 4 times energy content 

Research Drivers 

1.6% RES-T from 10% EVs  



Laboratory 

30 No.1.5 L reactors 16 No. 5 L reactors 

2 step 60 L reactors 2 step 600 L reactors 2nd Gen bioreactor 

State of art measurement facilities  



High Solids Content Substrates  

Parameters UCC Food waste Grass Silage 

pH  4.1 4.3 
Dry Solids (%) 29.4 30.6 
Total Volatile Solids (% DS) 95.3 92.5 
% C (% DS) 49.6  43.0 
% H (% DS) 7.3  5.8 
% N (% DS) 3.5   1.6 
% Ash (% DS) 4.7   7.5 
C:N ratio 14.2 26.9 

Compare Ultimate and Proximate Analysis of Food Waste and 
Grass Silage 



Theoretical maximum methane production 
from food waste 

Buswell Equation 
 
 
 
 
 
UCC Food waste (from ultimate analysis)   C16.4 H29 O9.8 N  
 
Maximum Theoretical Production   550 L CH4 / kgVS 
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canteen food waste first order curve fit

Biomethane potential 

Substrate 
BMP 

L CH4 kg-1 VS 
Buswell 

L CH4 kg-1 VS 
Biodegradability 

Index 
k Rsq 

Food Waste 529 550 0.96 0.364 0.98 

Grass 400 443 0.90 0.107 0.95 

Fresh Ulva 183 431 0.42 0.110 0.98 

AMPS system (from Lund University) 

1st order Equation, Y cumulative methane yield per day, Ym is 
ultimate methane yield and k is first order decay constant. 





Methane yields from digestion of crops 



Grass is a perennial 
Grass lands sequester carbon 
Grass can be outside food fuel debate 
Grass is ligno-cellulosic?  
Grass is a second generation gaseous biofuel which can be used in NGV vehicles 
Natural Gas Grid can be distribution system. 



Grass to transport fuel 

harvest silage storage 

macerator 
Source: energiewerkstatt, IEA  and personal photos 

anaerobic  
digester 

weigh bridge 

Biogas service station Scrubbing & 
storage 
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Variability of crop yields and digestibility 

Grass yields t DS.ha-1.a-1  Reduced methane yield with age of grass 





Pathways for use of biogas 





Maize Grass 
Methane yield m3 . ha-1 5,748 4,303 

GJ . ha-1 217 163 
Process energy demand for digestion GJ. ha-1 33 24 

Energy requirement in cropping GJ. ha-1 17 17 
Total energy requirement GJ. ha-1 50 41 

Net energy yield GJ.ha-1 167 122 
Output (GJ.ha-1) 

Input (tot. Energy) 4.3 4.0 

Net energy yield per hectare of crops 

Based on 300L CH4/kg VS 
and 12 t TS/ha/a 

Based on 380L 
CH4/kg VS and 
12.5 t TS/ha/a 





18 



19 

60% savings required in EU 





Economic viability of biogas from energy crops 

Grass silage:  
Costs approximately €25 t-1 for pit silage (20% VS) = €125/ t VS 
Produces about 400mn

3 of CH4/ t VS 
Feedstock cost is of the order of € c 31/ mn3 or € c 31/L diesel equiv 



Fuel Unit cost Energy 

value 

Cost per unit energy  

(€c MJ-1) 

Petrol  €1.60 L-1 30 MJ. L-1 5.3 

Diesel  €1.60 L-1 37.4 MJ. L-1 4.3 

Biomethane from grass  €1.06 mn
-3 37 MJ. mn

-3 2.9 

CNG – UK  €0.71 mn
-3 37 MJ. mn

-3 1.9 

Bio-CNG  a €0.75 m-3 37 MJ. mn
-3 2.0 

a Bio-CNG price calculated using UK CNG prices and a blend of 10% biomethane, 
 90% CNG. No excise on gas as a propellant; VAT charged at 21% 

Economic viability of biogas as a transport fuel 





Number of vehicles running on GNG worldwide 
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Continuously Stirred Tank Reactor 

Achieved: 
 
•451 L CH4 kg-1 VS 
•90% VS destruction 
•50 day retention time 
•2 kg VS m-3 d-1 



Four variables considered in analysis: 
•Sprinkling v’s flooding 
•Pit (20% DS) v’s Bale (30%DS) 

Best result: 
•Sprinkling of bale silage 
•70% destruction of volatiles in 30 days 





Sequencing  leach bed reactor complete with 
Upflow Anaerobic Sludge Blanket (SLBR-UASB) 

One Pump: 70.5% destruction of volatiles * 1.4 kg COD / kg VS * 90% UASB 
efficiency * 350 L CH4 / kg COD = 310 L CH4 / kg VS added at 42 day HRT 

Two Pumps: 75% destruction of volatiles * 1.4 kg COD / kg VS * 93% UASB 
efficiency * 350 L CH4 / kg COD = 341 L CH4 / kg VS added at 30 day HRT 

Derived relationships 
1 kg VS = 1.4 kg COD 
1 kg COD = 350 L CH4 





Single phase versus two phase 

Both ran for more than a year….inoculum acclimatized. 
SLBR-UASB has a shorter retention time than CSTR; 

  it should be a smaller (cheaper?) system  

SLBR produces a biogas rich in methane (71% vs 52%) 
 thus requiring less upgrading for use as a transport fuel or for 

grid injection.  

SLBR produces a digestate with twice dry solids content of 
CSTR 
 may have more potential for biorefinery concepts. 



Ongoing Research 



 
 
 
 
 
 
 
 
 

530,000 t/a food waste can generate 2.8% RES-T 

Food waste: 2nd generation biofuel 



Plant Size MWth 50 

Land area (ha) 6800 

Annual Energy Input (GJ) 1,440,000 

Plant Efficiency 65% 

Annual Energy Output (GJ) 936,000 

Annual Energy Output (PJ) 0.94 

Number of plants required 11 

Energy Produced 10.34 PJ 

As a % Energy in Transport 5.5% 

RES-T 11% 

As a % of agricultural land 1.7% 

Gallagher, C., Murphy, J.D. (2013) What is the realistic potential for biomethane produced through 
gasification of indigenous Willow or imported wood chip to meet renewable energy heat targets? Applied 
Energy  

2nd generation biofuel: thermal biomethane 



Macro-algae: 3rd generation biofuel 
 Green tides in eutrophic estuaries 
 10,000 tonnes of sea lettuce arise in   

Timoleauge annually. 

20m3 CH4 /t wet vs 100 m3 CH4/t dry 



H2: energy Density 12.1 MJ/mn
3 :  CH4: Energy density 37.6 MJ/mn

3 

Sabatier Equation:  4H2 + CO2 = CH4 + 2H2O  ΑH298 =-165 kJ/mol 

 http://www.solar-fuel.net/en/the-challenge 

60% energy efficiency (75% conversion of electricity to H2; 80% conversion of H2 to CH4) 

3rd generation biofuel: gaseous biofuel from  
non-biological origin 

Source of CO2 from biogas:  
Mix biogas (50% CH4 and 50% CO2) with H2; generate double the CH4 
(1 mol CO2 generates 1 mol CH4).  



Resource equates to 1000 Mm3/year biomethane,  
Resource equals 950,000 cars or 48% of private fleet. 

Resource Energy in transport Weighing RES-T 
Grass (100,000 ha) 15.8 PJ 8.4% *2 16.8% 
Food waste (530,000 t/a) 2.65 PJ 1.4% *2 2.8% 
Gasification 75,000 ha Willow 10.34 PJ 5.5% *2 11% 
Electricity 8 PJ 4.2 % * 4 17% 
Total 36.8 PJ 19.5% 47.6% 
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