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Bioenergy and Biofuels Research Group (B2RG) 

 Funding of €3 M since inception in 2007 from: 
 SFI, Ecoventii. EPA, DAFF, IRCSET, BGE, BGN, HEA PRTLI, Marie Curie ITN 

 Funding for 10 PhD students and 2 post-doctorate students in place 
 Published  

 60 peer review journal papers 
 30 peer review conference papers 

 

 
 



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 (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 
 

•In September 2013 this limit on food biofuel was raised to 6% with a requirement 
that 2.5% energy in transport to come from advanced biofuels (such as those 
sourced from sea weeds) with no weightings applied. More arduous!! 

Directive 2009/28/EC (Renewable Energy Directive) 

 

•Share of renewable energy sources in transport by 2020 at least 10% 
•Biofuels must achieve a 60% reduction in GHG as opposed to fossil fuel displaced. 
•Biofuels from lignocellulosic material shall be considered at twice energy content. 

Policy on Biofuels 

http://ec.europa.eu/clima/policies/transport/fuel/docs/com_2012_595_en.pdf


Ireland 

•4.4 Mha agricultural (65%)  
•4 Mha grass land (91%) 
•Export 85% of beef 
•400,000 ha arable (9%)  
•Net importer of grain 
 

Agriculture 

Energy 

Biofuel feed-stocks 

Cross Compliance and EU Biofuels 
Directive do not encourage conversion of 
grass land to arable land for biofuels. 
Forestry less than 10%; Not a lot of 
straw. 



Irish Gas Grid 
Serves: 
153 towns 
19 counties (26 counties in Ireland)  
619,000 houses (ca. 45% of houses) 
24,000 industrial and commercial 

 



Number of vehicles running on CNG worldwide 
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http://automobiles.honda.com/civic-gx/environment.aspx


Grass to transport fuel in Austria 

harvest silage storage 

macerator 
Source: energiewerkstatt, IEA  and personal photos 

anaerobic  
digester 

weigh bridge 

Biogas service station Scrubbing & 
storage 







versus 

CSTR SLBR-UASB 





Range of grassland available in excess of livestock requirements: 

 
•Current production practices (excluding Food Harvest 2020): 1.7 million t DS of grass 
(equivalent to silage from 155,000 ha or 3.9% of grassland).  
 
•If nitrogen applied to the limits permitted and if the grazed grass utilisation rate of cattle was 
increased from 0.60 to 0.80 kg DS ingested per kg DS grown: 12.2 million t DS (including Food 
Harvest 2020), equivalent to 1.1 million ha or 28% of Irish grassland 



Thermal production of Biomethane 

CO + 3H2  =  CH4 + H2O 
CO2 + 4 H2= CH4 + 2H2O 
2CO + 2H2 = CH4 + CO2 

Typically ca. 65% energy efficiency  

Gas upgrading 

Removal of CO2 





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% 

As a % of agricultural land 1.7% 





Food Waste from UCC canteen  
 
 
 
 
 
 
 
 

Composition of UCC Food Waste (percentage mass) 

Table 1. Characteristics of Food 
Waste from UCC  canteen 
Parameters Unit Value 
pH 4.05 

Total Solids (dry 
solids)  

% total 
mass 

29.4  ± 1.1 

Total Volatile 
Solids 

% DS 95.3 ± 0.4 

Proteins % DS 18.1 ± 1.5 

Carbohydrates % DS 59.0 ± 3.0 

Lipids (fats) % DS 19.0 ± 0.8 

% C % DS 49.6 ± 1.2 

% H % DS 7.3 ± 0.2 

% N % DS 3.5 ± 0.4 

% Ash % DS 4.7 ± 0.4 

C16.5 H31.2 O9.5 N  



Theoretical maximum methane production 
(1) Energy Balance to estimate methane production 
Energy content of food waste  ~ 20.74 MJ/kg Volatile Solid (VS) 
Energy content of CH4   ~ 37.8 MJ/m3 

1 kg VS destroyed = 20.74MJ = 549 L CH4 / kgVS 
 

 

(2) Buswell Equation to estimate methane production 
Stoichiometry description of food waste: C16.5 H31.2 O9.5 N  
Buswell’s Eqn. 
 
587 L CH4 / kgVS 
 
(3) Relationship between kg VS destroyed and COD produced 

 

 
1.6 kg COD to oxidise 1 kg VS; 1 kg COD = 350 L CH4; 
560 L CH4 / kgVS 
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Biomethane Potential Tests 



Bioresource of Biomethane from OFMSW 





Macro-algae: 3rd generation biofuel 

 Green tides in eutrophic estuaries 
 10,000 tonnes of sea lettuce arise in  West Cork annually 
 Sufficient to power 264 cars per annum 

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



Biogas from Ulva 



Increased yields with co-digestion 



Ulva Lactuca Pre- 

treatment 

SMY  

(L CH4/kg VS) 

Country Reference 

No pre-treatment 

Fresh  183 Ireland Allen et al., 2013 

Fresh 174 Denmark Bruhn et al., 2011 

Fresh 128 France Peu et al., 2011 

Unwashed 

Unwashed Wilted 165 Ireland Allen et al., 2013 

Unwashed Macerated 271 Denmark Bruhn et al., 2011  

Washed not dried 

Washed  Chopped 171 Denmark Bruhn et al., 2011 

Washed Milled 191 Ireland Vanegas and Bartlett 2013 

Washed Macerated 200 Denmark Bruhn et al., 2011 

Washed Wilted 221 Ireland Allen et al., 2013 

Dried with size reduction 

Washed and dried Chopped 241 France Jard et al., 2013 

Washed and dried Macerated 250 Ireland Allen et al., 2013 

Literature on Biogas from Ulva 



Himanthalia elongate   Laminaria Digitata  Fucus Serratus  

Saccharina Latissima  Ascophylum Nodosum  



Sea weed BMP Yield Country Reference 

Brown Seaweeds 

H. elongate 261 West Cork, Ireland Allen et al. 2014 

202 Brittany, France Gard et al., 2013 

L. digitata 218 West Cork, Ireland Allen et al. 2014 

246 Sligo, Ireland Vanegas and Bartlett 2013 

F. serratus 236 West Cork, Ireland Allen et al. 2014 

S. latissima 342 West Cork, Ireland Allen et al. 2014 

335 Sligo, Ireland Vanegas and Bartlett 2013 

223  Trondheim, Norway Vivekanand et al, 2011 

220 Norway Østgaard et al. 

209  Brittany, France Gard et al., 2013 

A. nodosum 166 West Cork, Ireland Allen et al. 2014 

U. pinnatifida 242 Brittany, France Gard et al., 2013 

S. polyschides 225 Sligo, Ireland Vanegas and Bartlett 2013 

216 Brittany, France Gard et al., 2013 

S. muticum 130 Brittany, France 

Red Seaweeds 

P. palmata 279 Brittany, France Gard et al., 2013 

G. verrucosa 144 Brittany, France Gard et al., 2013 



Resource of Macro-algae 

The island of Orkney has a kelp forest of 1 million tons covering 22,000 
hectares along 800 km of coastline (Christiansen, 2008).  

Assuming: 20% Dry Solids 250 L CH4/kg VS  equivalent to 50,000,000 L diesel 
 
A 1 ha farm could yield 130 wet tonnes of kelp per annum (Christiansen, 2008).  
 20% Dry Solids = 26 tDS/ha/a  @ 250 L CH4/kg VS 
 6,500 L diesel equivalent /ha/a or 234 GJ/ha/a  

 (compare with rapeseed 1350 biodiesel L /ha/a or 44 GJ/ha/a) 
 
Ryan C. Christiansen (2008) British report: Use kelp to produce energy Available 

In:http://www.biomassmagazine.com/articles/2166/british-report-use-kelp-to-produce-energy/ 
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Electricity to Methane via Hydrogen coupled 
with Carbon Sequestration 

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

3 

Sabatier Equation:  4H2 + CO2 = CH4 + 2H2O  AH298 =-165 kJ/mol 

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

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

http://www.solar-fuel.net/en/the-challenge
http://www.solar-fuel.net/en/the-challenge
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Resource Energy in transport 

Grass (100,000 ha) 15.8 PJ 8.4% 
Food waste (530,000 t/a) 2.65 PJ 1.4% 
Gasification 75,000 ha Willow 10.34 PJ 5.5% 
Electricity 8 PJ 4.2 % 
Total 36.8 PJ 19.5% 

Resource equates to 1000 Mm3/year biomethane, VW Passat consumes 4.5 kg / 
100 km (6.3m3/100km). Average car in Ireland travels 16,708 km/year 
 
Resource equals 950,000 cars or 48% of private fleet 
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