IEA Task 37, Istanbul, turkey, 13 April 2011



Biogas Plant Inventory

m Summary of AD Plants:

m -4 Agriculture facilities

m - 15 Industrial, Sewage sludge,
Municipal (biowaste)

m -/ Landfill Gas projects in Ireland



Farm slurries In Ireland



Slaughter waste in Ireland
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Farm Biogas Plants

m Three existing farm scale digesters in Ireland all in the South East:
Camphill (Mark Dwane)
Adamstown (Patrick Berridge)
Methanogen (Vicky Heslop)

m These facilities are continuously stirred tank reactors (CSTR)
digesting predominately slurry with some food industry.

m Gate fees for off farm in the range €(40 — 120)t/a

m Patrick Berridge has received a grant for a new digester

m David Donnell in Limerick has recently constructed an anaerobic
digester



David McDonnell’'s Farm, Limerick

12,000 t/a feedstock
5,000 t/a cattle slurry
2,000 t/a poultry slurry
5,000 t/a off farm (Glycerol, dairy waste)

Off farm screened to 12mm, pasteurised at 70°C
2 Digesters 1000 m3 each; HRT 35 days
460,000 m3/a biogas; 110 kWe;

8% parasitic electrical demand

Heat from CHP fully employed in heating digesters & pasteurisation

€1.4 million capital cost (€116/t/a)



David McDonnell, Developing an AD project on your farm Bioenergy News Issue 4,
Sustainable Energy Ireland (SEI) Renewable Energy Information Office (REIO)



Ballytobin (Camphill) Digester

7,500 t/a feedstock
5,000 t/a slurry
2,500 t/a off farm (kitchen and food industry waste)

Off farm screened to 12mm, pasteurised at 70°C

2 Digesters: 150 m?3 horizontal plugflow digester @ 55°C; 450 m3 CSTR
digester @ 37°C

HRT 55 days

219,000 m3/a biogas; 85kW boiler to heat digester; 85 kW and 200 kW
boiler for small district heating system; flare 100 m* /day surplus gas
in summer (10% of energy in gas is flared)
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Proposed farm digesters

Planning for at least two more facilities in Munster at a scale of 15,000 t/a and
30,000 t/a with grass as a significant feedstock



OFMSW biomethane
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Proposed MSW Digesters

m Potentially five facilities at planning or construction phase in size range
14,000 to 100,000 t/a.

m MBT model is proposed with 40% to digester and 60% to Refuse Derived
Fuel line

m Biogasto CHP

m Electricity exported

m Heatto RDF line

m RDF to cement factory to replace coal

m Ash to cement



Landfill Gas

m  Dunsink Landfill, Dublin 5 MWe

m Friarstown, Tallaght, Co. Dublin 1 MWe

m Ballyogan, Leopardstown, Co.Dublin 2 MWe

m Balleally, Lusk, Co.Dublin 5 MWe

m Tramore Valley, Cork 2 MWe

m  Arthurstown, Kill, Co Kildare 4.2 MWe

m Kilkullen, Co Kildare 1.2 MWe

m Total 18.4 MWe
Maximum electrical potential 30 — 40 MWe

Commercial feasibility requires site of 50 — 100,000 t

From: Aine Car: “Landfill Gas resource 2010/2020 potential and scenario
development” Sustainable Energy Authority Ireland (SEAI)



Supports for AD

m OFMSW

Landfill levy €20/t in Nov 2009 raising to €75/t in 2012
m Biogasto CHP

Was 7.2c/kW h in 2007; Raised to 12c/kW_ h in 2008

As of May 2010 tariffs are to be indexed and offered on a 15-year basis and include:
m AD CHP equal to or less than 500 kW: 15 c/kW_h;

m  AD CHP greater than 500 kW: 13 c/kW_h

m  AD (non CHP) equal to or less than 500 kW: 11 c/kW_h;

m  AD (non CHP) greater than 500 kW: 10 c/kW_h

Biomass CHP equal to or less than 1,500 kW: 14c/kW h;
Biomass CHP greater than 1,500 kW: 12 c/kW_h

m Biomass combustion using energy crops: 9.5 c/kW_h; for all other biomass 8.5
c/kW¢h



Research Activities

Higher Education Authority (HEA) Program Research Third Level Institutes
(PRTLI), Cycle 4 ERI: “Should we use indigenous biodiesel or grass
biomethane as transport fuel in Ireland?”

Department of Agriculture Fisheries and Food (DAFF) Stimulus Fund
“GreenGrass”: Developing grass for sustainable renewable energy
and value added products.

Environmental Protection Agency: “Grass biomethane”

Bord Gas Eireann (BGE): Utilisation of compressed natural gas and
biomethane as a transport fuel in Ireland

Irish Research Council Science Engineering and Technology (IRCSET)
Enterprise Partnership with Bord Gais Eireann: “Biomethane from
residues”



DAFF “GreenGas”

m Lead by Teagasc Grange

m Partners
Queens University Belfast
University College Cork
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DAFF “BioGrass”

m Lead by UCD

This novel project investigates the suitability of Irish grassland, under a
range of management intensities, for biofuel production. Factors that will

be studied to include grass quality, biogas yield, the full greenhouse gas
balance, soil C and N dynamics

http://www.ucd.ie/bioenerqy/projects.html




m The Competence Centre for BIOREFINING
AND BlOenergy

Hosted by NUI Galway
Began 2009



Peer review Journal Papers
Biomethane and Policy
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Peer review journal papers
Life Cycle Analysis of Biomethane
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Cross compliance regulations: the ratio of permanent grass land to arable land
may not change by more than 10% based on 2003

EU Renewable Energy Directive: May not convert wetland, forestry or grassland
to energy crop production for biofuel production.

Ireland has 8% of EU cattle herd with less than 1% of EU human population
91% of Irish agricultural land is under grass; 9% arable

Arable land fully employed..we import wheat.

Sustainable indigenous employment in rural areas
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Peer review journal papers
Reactor Design and Operation
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Difficulties Associated with Monodigestion of Grass as Exemplified by
Commissioning a Pilot-Scale Digester

T. ThamsirirojT*I and J. D. Murphy*m
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Continuously Stirred Tank Reactor



Continuously Stirred Tank Reactor

Silage Flow Gas Motor & Motor & Gas Flow
TN TN meter filter Gearbox Gearbox filter meter
To air extraction system
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451 L CH4/kg VS added; 88% destruction
@ 50 days retention time @2 kg VS/m3/d
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Role of Leaching and Hydrolysis in a Two-Phase Grass Digestion System

.I.
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Leachate tank (36 L)

70% destruction of volatiles in
30 days when sprinkling 100
L/d over bale silage

Should be equivalent to 350 L
CH4/kg VSadded in 30 days
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Design, Commissioning, and Start-Up of a Sequentially Fed Leach Bed Reactor
Complete with an Upflow Anaerobic Sludge Blanket Digesting Grass Silage
Abdul-Sattar Nizami.”* Anoop Singh.™* and Jerry D. Murphy*

+ o - N . .. . - . Fo. .
Department of Civil and Environmental Engineering, University College Cork, Cork, Ireland, and * Biofuels Research Group,
Environmental Research Institute, University College Cork, Cork, Ireland

Received December 22, 2010
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SLBR-UASB
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Sequencing fed Leach Bed Reactors coupled with
Upflow Anaerobic Sludge Blanket, (SLBR-UASB)

Biogas

Leach beds T
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Leachate tank

2 pumps; one at 17 L/d for UASB; the second at 600 L/d (100 I/d over each
batch): 341 L CH4/kg VS added: 68% destruction @ 30 days retention time



Methane from bale silage

SLBR- CSTR Micro BMP Small Large
UASB BMP BMP
HRT (Days) 30 50 35 22 26
CH, content (% CH, in 71 52 51 54 70
Biogas)
CH, production (L CH, kgt 341 451 350 355-419 483-493

VS added)




Impact of Research
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SEI Future Practical Resource 2004

2001

2010

2020

= Energy Crops

B Non-organic MSW

O Landfill Gas

O Wet Organic Residues

B Dry Agricultural Residues
O Wood Residues




Key Point: Grass & wastes can be significant

@ energy resources in the coming decades
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Grass and biomethane funded by:

m Bord Gais Eireann
m EPA

m SEAI

m HEA PRTLI

m |RCSET

m DAFF

m SFI




