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University College Cork
• The university was founded in 1845 as one of three Queen’s
Colleges located in Belfast, Cork, and Galway. It became University
College, Cork, under the Irish Universities Act of 1908.
• The university was named Irish University of the Year by the Sunday
Times in 2003,2005, and 2011. The 2011 QS World University
Rankings ranked the UCC amongst the top 2% of universities
worldwide.
• Also in 2011, University College Cork became the first university
worldwide to achieve the ISO 50001 standard in energy
management. UCC ranks 4th worldwide in terms of food research
• UCC has the highest research income in the state.
• It has 18,000 students; 2400 of whom are international

Environmental Research Institute
Overview

About the Environmental Research Institute
Mission: “To generate new research knowledge for the
understanding and protection of our natural environment
and develop technologies, tools and services to facilitate a
transformation to a low carbon, resource efficient society”

Established in 2000 as a flagship UCC Institute to bring
together environmental research from 10 academic
Departments and 4 research centres under a single
multidisciplinary Institute.

Key Drivers for the Institute
•
•
•
•

Economies of scale
A strategic approach
A “one-stop-shop” for environmental, energy & marine research in UCC
Increased focus and expertise on funding acquisition (especially EU)

Institute Capacity
More than 240 Researchers (70 Principal Investigators, 75 Postdoctoral researchers/research
staff, and 95 PhD/Master students). Approx 90 research projects running at any one time.
Funding: Over past 5 years Institute researchers have been awarded over €37 M in recurrent
funding plus €16 M (PRTLI5) for the new Beaufort Building in Ringaskiddy. The SFI MaREI award
(€28 M) in 2013 for marine renewable energy will provide the recurrent seed money for
researcher for this building.
Research output: 699 peer reviewed research papers (2009-2013)
Post-Graduate Supervision: Over 138 Postgraduate students supervised (2009-2013)
UCC Research Quality Review (2009): Institute awarded the highest score of Level 5 i.e.
research of a quality that is of world-leading standard (“a high level of inter-disciplinary
research” “world-class facilities” “leaders in their field”)
PRTLI Impact Report (2011): ERI was the only Institute/Centre in Ireland which had received
funding in the environment and marine area in Ireland that demonstrated high impacts across
all six evaluation categories (commercial, human capital, capability, reputation, national policy
and wider impacts) and was one of the top ten funded Institutes in Ireland for generating
income from non-exchequer and industry sources

Institute research activities

Bioenergy and Biofuels Research Group
Prof Jerry Murphy, Dr Christiane Herrmann, Dr Ao Xia,
Markus Voelklein, Eoin Allen, Eoin Ahern, Muhammad Rizwan Tabassum,
Jamie Fitzgerald, Amita Jacob, Magdalena Czyrnek-Delêtre, Enrique Chan
Gutiérrez, Richard O Shea, Himanshu Himanshu, Quynh Truc Vo.

Biomethane Production from Macro-Algae
Muhammad Rizwan Tabassum

Research questions:
o What is the potential of seaweed as feedstock for renewable gaseous fuel production? How
does it vary with season?
o How can we enhance biomethane production by pre-treatment?
o What are the optimal operating parameters for continuous mono-/co-digestion of seaweeds?
Methods / work program:
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Optimised Biomethane from Macro- and Micro-algae
Christiane Herrmann

Research questions:
o Can we optimise biomethane production from macro- and micro-algae by co-digestion with
surplus biomass?
o Can we store macro-algae and enhance biomethane production by ensiling?
o What are optimal growing conditions for micro-algae (e.g. Arthrospira sp.) grown as feedstock
for biomethane production?
Methods / work program:
Co-digestion experiments:
 Co-digestion with sugar beet, straw, grass and slurry in batch, 5 L and
100 L continuous digesters, optimise mixes and process parameters
Ensiling of seaweeds:
 Ensiling of 5 seaweed species,
storage up to 90 days, analyse
ensilability and course of the ensiling process
Micro-algae cultivation:
 Optimisation of cultivation conditions (e.g. temperature, light intensity,
nutrients, salinity)
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Microbial Ecology of Biomethane
Jamie FitzGerald

Methods: 16S DNA “fingerprinting”
Research Questions:
o What microbes are
converting our novel
feedstocks (e.g. algaeslurry mixes) to
methane?
o What are their “ideal”
conditions? Who are
the key players? Where
are the bottlenecks?
o Can we tailor “ideal”
reactor conditions to
“ideal” microbe
communities, and
produce methane
more efficiently?

Q: Are stirred reactors stratified?

Uniform
community
profiles for
Top, Mid &
Base

T

M B

A: Stirring
provides
uniform
environment

Top
Mid
Base

Methods: Community DNA sequencing (metagenomics)
Q: How does reactor makeup change with feedstock, or over time?
75% Slurry: 25% Ulva

75% Ulva: 25% Slurry

Methanogens
Bacteroidetes
Firmicutes
Proteobacteria
Spirochaetes
Synergistetes
Tenericutes

A: Reactor input
strongly affects
presence
of crucial species,
e.g. biogasproducing
Methanogens
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Co-generation of Hydrogen & Methane from Algae
Ao Xia

Research questions:
o What is the potential of biohydrogen and biomethane from algae and surplus biomass in
Ireland?
o What are the optimised pre-treatment conditions for biohydrogen production?
o What is the best mix ratio for algae and surplus biomass to maximise biohydrogen production?
Methods / work program:
Dark fermentation

C6 H12O6  2H 2O  2CH 3COOH  2CO2  4H 2

H2+CO2

Heating value conversion efficiency: 40.9%
Substrates

Anaerobic digestion

Dark fermentation

VFAs

C6 H12O6  3CH 4  3CO2

CH4+CO2

Heating value conversion efficiency : 95.0%
Substrates

Dark fermentation +
Anaerobic digestion
Substrates

Anaerobic digestion

H2+CO2

CH4+CO2

Dark fermentation

Anaerobic digestion

C6 H12O6  2H 2O  4H 2  2CH 4  4CO2
Heating value conversion efficiency : 103.8%
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Continuous Generation of Biohydrogen & Biomethane
Amita Jacob

Research questions:
o What are optimum reactor process parameters for continuous biohydrogen and biomethane
production from seaweed?
o Is mono-digestion of seaweed feasible?
o What are suitable feedstocks for biohydrogen production?
Methods / work program:

Future work:
 Effect of different substrates and pretreatments on hydrogen yields.
 Possible sequential dark and photo fermentation to improve hydrogen yields.
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Biological Methanation
Eoin Ahern

Research questions:
o Will biological methanation through addition of hydrogen to biogas eliminate the need for
costly gas upgrading technologies?
o Should hydrogen be inserted into the digester (in-situ) or be mixed with biogas outside the
digester (ex-situ)? What is the optimal reactor design?
Methods / current work:
Culture development:
 Development of thermophilic inoculum enriched with
hydrogenotrophic methanogens (strictly anaerobic, nutrient
medium replacement, acclimatisation)
Ex-situ reactor design:
 CSTR design, dissolution of H2 challenging
 Initial batch experiments in 1 litre glass reactors held in
mechanical shaker
 Alternative designs to aid dissociation of H2:
1.
Pleated bed, increases exposure time of gas
2.
Fixed bed, with nickel-based catalyst on
alumina carrier as random packing material
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Energy storage and gaseous biofuels
Richie O’Shea

Research questions:
o What are the options for CO2 from central point emitters in Ireland in terms of energy storage?
o What is the biomethane potential of fresh and ensiled S. polyschides?
o What is the impact of P2G on variable renewables on the Irish electricity grid?
o Can microalgae be used to upgrade biogas from continuously stirred tank reactors?

CCGT Power
Station

CO2 Exhaust Stream

Microalgae
Cultivation
Anaerobic
Digester
Ensilage

S. Polyschides

Biogas (CO2 and CH4)

Methods/ Work Program:

CO2 Capture
Energy
Requirement
CH4

CNG Vehicles

Traditional
CO2 Capture
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Sabatier
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Renewable
Electricity

Renewable
Energy Share
in Transport
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Life Cycle Analysis

Magdalena Czyrnek-Delêtre
Research questions:
o What are the economical and environmental benefits of renewable gaseous fuel and biological
methanation systems?
o What are optimal systems?

Methods / work program:
Residues
Energy
crops
Seaweeds

• Full life cycle assessment
• Consideration of various
environmental impacts (climate
change, resources depletion,
acidification, nitrification, ozone
layer damages, human toxicity)
• Various scenarios tested

Feedstock
Diesel

Transport of
feedstock

Electricity
and heat

Biogas
production

Feedstock

Emissions

Fertilizer

Digestate
Emissions
Biogas

Electricity

Biogas
upgrading
CO2 + H2

Transport
fuel

Emissions

Hydrogen

Surplus
electricity

Water
electrolysis
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The environmental impacts of Power to Gas system
applied to the Marine Environment
Quynh Truc Vo

Research questions:
Comparative life cycle assessment of Power to gas with Pumped HydroElectricity storage systems for marine renewable energy.
 Are the energy savings related to the stored energy of the different systems
enough to balance the environmental impact produced during the
manufacturing and operation phase of each storage systems?
Methods / work program:
Life cycle assessment
Target group: - P2G;
- Pumped Hydrogen Storage
System Boundary: Cradle to gate
Data quality: secondary data
Methodology: GaBi6
Function: Storage energy
Function unit: the impact of each system per kWh of stored energy
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Application of Biogas Technologies in Mexico
Enrique Chan Gutiérrez

Research questions:
o What is the biogas potential from OFMSW and pig slurry in Mexico?
o Is the use of centralized biogas plants in Mexico technically and economically feasible?
o What are the advantages of AD over landfilling and gasification in a Mexican and Latin
American context?
Energy Produced - Emissions Produced

Methods / work program:
Scenario 1

• Three scenarios are to be tested
• Energy consumption is to be quantified
• Different uses of biogas as a fuel are to
be evaluated
• Assessing of the cost of producing 1 MJ
of energy
• Assessing the energy needed to produce
1 MJ of energy content in biogas
• GHG Emissions of the process

AD in Situ

AD of Organic
Fraction

Pig Slurry

OFMSW

Scenario 2

Wastewater
Sludge

Centralized Biogas Plant
Co-digestion
Scenario 3
Energy Produced - Emissions Produced
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Biomethane Production from Grass Silage
David Wall

Research questions:
o What is the potential for biomethane from grass silage and dairy slurry to satisfy RES-T?
o How can we optimise digester performance while increasing OLR for both mono- and codigestion of grass silage and dairy slurry?
o Can we improve process performance through trace element addition at high loading rates?
o Can a pre-treatment of rumen fluid produce higher %VS destruction in leaching trials?
Methods / work program:
BMP
assays

 Investigate synergy in co-digestion - 80:20,
60:40, 40:60 and 20:80 Grass:Slurry (VS basis)
 Calculate mono-digestion yields
 Provide first and second-order kinetics
 Create a bioresource scenario for Ireland with
potential to satisfy RES-T

Leaching Trials

Mono-digestion Co-digestion

CSTRs







6 continuous 5L reactors run for 70 weeks
OLR increased from 2-4 kg VS m-3 d-1
Investigate biomethane efficiencies
Examine effect of short HRTs
Counteract inhibition through trace elements

 3 LBRs filled with 3.5kg grass
 Sprinkled liquor (water)
recirculated for 30 days
 Test: rumen vs no rumen
 Test: grass cut 1cm vs 3cm
 Examine VS destruction, pH, COD,
TAN and VFA profiles
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Biomethane Production from Grass Silage
David Wall

 1.1% of grassland in Ireland can generate 10% renewable
energy in transport (RES-T)
 Equivalent to 170 digesters treating 10,000 t a-1 of grass
and 40,000 t a-1 of slurry

 Higher grass silage input maximises potential biomethane
output
 At 4 kg VS m-3 d-1 the SMY for mono-digestion of grass silage
reduces by 12%
 Biomethane efficiencies remain optimal at high OLRs with
addition of 20% slurry
 HRT should exceed 20 days for effective anaerobic digestion
of grass silage
 Dairy slurry when co-digested with grass silage provided
sufficient trace elements
 Low addition of slurry (20% VS) exhibited stable VFA profiles
and high SMYs
 Mono-digestion of grass silage at high loading rates required
trace element addition
 Supplementation of cobalt, nickel and iron to monodigestion increased SMY by 12%

Optimisation of biogas production
Eoin Allen

Research questions:
o What are Ireland’s available feedstocks for anaerobic digestion ?
o What feedstocks will allow Ireland to meet its renewable energy targets by 2020 ?
o Feedstocks need to perform well, in lab trials as well as on paper! Identify lab trials needed to
optimise biogas production and conduct them!

Literature review:
o We establish what quantities of a particular feedstocks is available, its feasibility for anaerobic
digestion and its reported characteristics.

Lab work:
o Initial physical characterisation - This is conducted with elemental analysis to determine physical
parameters, i.e. protein, lipid, carbs, solids, C, H, N, O, VFA content and theoretical yields.
o BMP trials - an array of mono and co-digestion assays undertaken to determine optimum mixes.
o Continuous trails – These trails run for over a year to replicate large scale operation. Critical
parameters are determined as well as optimum running conditions, Loading rates and % mix.
o Conclusions – All lab results are compiled to compare and contrast between success and failures
of lab and desk top trials. Optimum operating parameters determined and publish results !!
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The optimisation of Ulva Lactuca (macro algae)
All readily available feedstocks in Ireland
were assessed. 83 various substrates
including pre-treatments were selected.

•
•

U. lactuca chosen for 2 reasons
It is a readily available as beach cast.
3rd generation biofuel, double RES-T credits

Substrates

U. Lactuca collected over 2
years, processed, analysed, pretreatments applied and trailed
for BMP.

U. Lactuca had a poor C:N ratio
(7 – 10:1) . Biodegradability low
too, 38% of theoretical yield.
Co-digestion required to
increase C:N with dairy slurry
(18 - 24:1)

More BMP assays conducted
with increasing dairy slurry %.
19 % yield increase observed.
Continuous Trials started
from BMP results.

6 reactors operated for 43 weeks. Optimum OLR
& percentage mix of feedstocks determined.

BMP yield L CH4 kg

VS-1

25 % FreshBest
U. lactuca
Mix75% Dairy
slurry @ an OLR of, 2.5 kg VS m3 d-1
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Publications

Peer Review Journal Papers

In Preparation:
•

Jacob, A., Ao, X., Murphy, J.D. (2014). Can micro-algae make coal combustion sustainable?
Applied Energy (to be submitted October 2014)

•

Czyrnek-Deletre, M., Smyth, B., Murphy, J.D. (2014). Beyond carbon and energy: the challenge
in setting guidelines for life cycle assessment of biofuel systems. Applied Energy (to be
submitted October 2014)

Under review:
•

Xia, A., Herrmann, C., Murphy, J.D. (2014). How do we optimise third generation algae
biofuels? Biofuels, Bioproducts, Biorefining (submitted July 2014)

•

Ahern, E., Deane, P., Persson, T.,,O’ Gallachoir, B., Murphy, J.D. (2014) The potential role of
renewable gas in a smart energy island system. Renewable Energy (submitted July 2014)

•

Allen, E., Wall, D., Herrmann, C., Xia, A., Murphy, J.D. (2014) What is the gross energy yield of
third generation gaseous biofuel sourced from seaweed? Energy (submitted August 2014)
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Publications

Peer Review Journal Papers

2014:
•

Allen, E., Wall, D., Herrmann, C., Murphy, J.D. (2014). What is an optimum percentage of Ulva
Lactuca that may be co-digested with dairy slurry? Bioresource Technology 170 (2014) 436–
444.

•

Wall, D., Allen, E., Straccialini, B., O’Kiely, P., Murphy, J.D. (2014) Optimisation of digester
performance with increasing organic loading rate for mono- and co-digestion of grass silage
and dairy slurry. Bioresource Technology http://dx.doi.org/10.1016/j.biortech.2014.09.126

•

Wall, D., Allen, E., Straccialini, B., O’Kiely, P., Murphy, J.D. (2014) The effect of trace element
addition to mono-digestion of grass silage at high organic loading rates. Bioresource
Technology http://dx.doi.org/10.1016/j.biortech.2014.09.066

•

Browne, J., Murphy, J.D. (2014). The impact of increasing organic loading in two phase
digestion of food waste, Renewable Energy 71 (2014) 69-76 .

•

Browne, J., Allen, E., Murphy J.D. (2014). Assessing the variability in biomethane production
from the organic fraction of municipal solid waste in batch and continuous operation. Applied
Energy (128) 307-314.
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Publications

Peer Review Journal Papers

2014:
•

Fierro, J., Gómez, X., Murphy, J.D. (2014) Potential for second generation gaseous transport
biofuel based on pig slurries in Spain, Applied Energy (114) 783 – 789.

•

McEniry, J., Allen, E., Murphy, J.D. and O’Kiely, P. (2014). Grass for biogas production: the
impact of silage fermentation characteristics on methane yield in two contrasting biomethane
potential test systems. Renewable Energy, 63 (March): 524-530.
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Publications

Peer Review Journal Papers

2013:
•

Wall, D., O’Kiely, P., Murphy, J.D. (2013). The potential for biomethane from grass and slurry
to satisfy renewable energy targets. Bioresource Technology (149) 425 – 431.

•

Browne, J., Allen E., Murphy, J.D. (2013) Improving hydrolysis of food waste in a leach bed
reactor. Waste Management (33) 2470 – 2477.

•

Allen, E., Browne, J., Hynes, S., Murphy, J.D. (2013) The potential of algae blooms to produce
renewable gaseous fuel. Waste Management 33 (2013) 2425–2433

•

Browne, J., Allen, E, Murphy, J.D. (2013) Evaluation of biomethane potential from multiple
waste streams for a proposed community scale anaerobic digester. Environmental Technology
34 (13-14) 2027 – 2038.

•

Allen, E., Browne, J., Murphy, J.D. (2013) Evaluation of biomethane yield from anaerobic codigestion of nitrogenous substrates. Environmental Technology 34 (13-14) 2059 – 2068.
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Publications

Peer Review Journal Papers

2013:
•

Orozco, A., Nizami, A.S., Murphy J.D., Groom, E (2013). Optimizing the Thermophilic
Hydrolysis of Grass Silage in a Two-Phase Anaerobic Digestion System. Bioresource Technology
143 (2013) 117–125.

•

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 108, 158-167.

•

Gallagher, C., Murphy, J.D. (2013) Is it better to produce biomethane via thermochemical or
biological routes? An energy balance perspective. Biofuels, Bioproducts, Biorefining 7:273–
281.

•

Murphy, J.D., Browne, J., Allen, E., Gallagher, C. (2013) The resource of biomethane, produced
via biological, thermal and electricial routes, as a renewable transport fuel, Renewable Energy,
55: 474-479.

•

Browne, J., Murphy, J.D., (2013) Assessment of the resource associated with biomethane from
food waste, Applied Energy, 104: 170–177.
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Thank you.
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