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A perspective on the potential role
of hiogas in smart energy grids
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6 European gas grids
have committed to

100% green gas in the
e gas grid by 2050
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Peer review papers (ca. 100 published since 2004)

Renewable Energy 55 (2013) 474479 ‘Waste Management xxx (2013) Xxx-Xxx

Contents lists available at SciVerse ScienceDirect Contents lists available at SciVerse ScienceDirect

Renewable Energy

Renewable Energy Waste Management

!—I \‘,I“-‘ ]I‘R journal homepage: www.elsevier.com/locate/renene

journal homepage: www.elsevier.com/locate/wasman
The resource of biomethane, produced via biological, thermal and The potential of algae blooms to produce renewable gaseous fuel
electrical routes, as a transport biofuel E Allen?, |. Browne?, . Hynes? |.D. Murphy >~
Jerry D. Murphy*?*, James Browne P, Eoin Allen®P, Cathal Gallagher ¢ :E”zim”"’“”’:}ﬁf‘fﬁ“;:;‘"“f'”“' Univenity Collese ﬂ;e;"g‘l";:gg":mm Cork. oland

Modeling and Analysis dg&fm Modeling and Analysis @Q!Q,,fEE

Is it better to produce biomethane via Can grass biomethane be an
thermochemical or biological routes? economically viable biofuel for

An energy balance perspective the farmer and the consumer?

Cathal Gallagher, Bord Gais Energy, Cork, Ireland

Jerry D Murphy, University College Cork, Cork, Ireland Beatrice M. Smyth, Environmental Research Institute (ERI), University College Cork (UCC), Ireland
Henry Smyth, Bord Gais Eireann, Cork, Ireland
Applied Energy 104 (2013) 170-177 Jerry D. Murphy, ERI, UCC, Ireland
Contents lists available at SciVerse ScienceDirect
journal homepage: www.elsevier.com/locate/apenergy Enm& Bc “u “qu pubs.acs.org/est
Assessment of the resource associated with biomethane from food waste Optimizing the Operation of a Two-Phase Anaerobic Digestion
James D. Browne, Jerry D. Murphy * System Digesting Grass Silage
Department of Civil and Environmental Engineering, University College Cork, Ireland
Environmental Research Institute, University College Cork, Ireland Ab dul—Sattar Nizami and _]crry D. Murphy*

Department of Civil and Environmental Engineering, and Biofuels Research Group, Environmental Research Institute,
University College Cork, Cork, Ireland
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Co-digestion of grass and slurry

Bioresource Technology 149 (2013) 425-431

: : : - L.
ﬁ\ ks -?”-"; Contents lists available at ScienceDirect - .
‘#\a—*ﬁ-—«i“ .§ BIORESCQLURCE
e TECHNOLOGY

[

uw i
k! Bioresource Technology

FISEVIER journal homepage: www.elsevier.com/locate/biortech

The potential for biomethane from grass and slurry to satisfy renewable @ CrossMark
energy targets

David M. Wall*"¢, Padraig O'Kiely <, Jerry D. Murphy *"*

* Bioenergy and Biofuels Research Group, Environmental Research Institute, University College Cork, Cork, Ireland
® school of Engineering, University College Cork, Cork, Ireland
© Animal & Grassland Research and Innovation Centre, Teagase, Grange, Dunsany, Co. Meath, Ireland
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Spedfic methane yields for mono-digestion.

Spedfic methane yields for co-digestion.

SMY decreases as
slurry input increases
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Scale of Grass Biogas industry

Table 5

Potential mixes of grass silage and slurry with associated renewable energy production.
Grass: Slurry VS basis Energy in biomethane (PJa™ ') % of expected energy in transport 2020 (%) RES-T allowing for double credit (%)
Scenario 1 (equivaent to 0.4% of grass lmd)
100:0 220 117 234
80:20 237 1.26 252
B0:40 294 1.56 313
50:50 339 120 i6l
40:60 375 1040 384
0100 b 1.1 % Grassland in Ireland 139
Scenario 2 {eguivalent to 1.1% of grass land
100:0 }/ 3151 702
20:20 A1 178 756
&40 8.82 469 938

| 50:50 10.16 5.40 1081 |
[ LT 3.9 210 4149
Scenario 3 (equivalent to 2.8% of grass lmd)
100:0 16.07 8.55 17.10
B0:20 17.32 9.21 18.43

Scenario 4 (eguivalent to 8.3% of grass lmd)
100:0 4821 25.64 51.29

170 digesters treating 10,000t a! of grass and 40,000 t a1 of dairy slurry



A perspective on the potential role
of hiogas in smart energy grids
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Demand Driven Biogas
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Intermittent feeding of biogas facility
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Figure 7: Biogas production and feed injection during a 48 hour period at Sobacken biogas plant in
Boras. (Source: Boras Energi och Miljd)




Effect of flexible biogas production on gas
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Figure 8: Cost reduction by means of lower gas storage need based on flexible biogas production
(Jacobi et al, 2014a)
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Bioresource Technology 216 (2016] 238-249

Contents lists available at ScienceDirect - . .
Bioresource Technology .

ELSEVIER journal homepage: www.elsevier.com/locate/biortech —

Modelling a demand driven biogas system for production of electricity @mmrk
at peak demand and for production of biomethane at other times

R. O'Shea, D. Wall *, ].D. Murphy

MaREI Centre, Environmental Research Institute { ERI), University College Cork { LCC), Irelond
School of Engineering LCC, Ireland
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Volume of biogas to elements {m?
Volume of biogas in storage(m?)

500 _ Upgrading despatch: 21:11 < 100
0 “. 0
8888888888888888888888888888888
BRERERERERBRERERERERERERBRERERS
383388 8EE58888334388a03399348085%
Time
Biogas to storage (CHF) CHP consumption - = = = Biogas to storage (Upgrading)
e Upgrading consumption = = = = \olume of biogas In storage

A theoretical grass silage digester that would produce 435 kWe in a continuous fed system was
adapted to demand driven biogas. System required 187 min to produce sufficient methane to run a

2MWe combined heat and power (CHP) unit for 60 min. 21% of biogas was used in CHP and 79%
was upgraded.
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Waste Management 33 (2013) 2425-2433
@ Eutrophic

Potentially Eutrophic

-

)

© ¢

[} Intermediate -

@ Unpoliuted

Contents lists available at SciVerse ScienceDirect . -
£ Estuarine (Transitional) Waters & o
g Coastal Waters ®
o0 » g
Waste Management y T W
aste ivianageme g - . 2
@ ®®
f . 2 @D ®
journal homepage: www.elsevier.com/locate/wasman &
® " Wi
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The potential of algae blooms to produce renewable gaseous fuel @Cmmk Ty . ..;Z o

Lo _ @n
E. Allen?, ]. Browne? S. Hynes? ].D. Murphy *>* . sigs S
oD % l’.z)

@

Argides

2 Environmental Research Institute, University College Cork, Cork, Ireland
b Department of Civil and Environmental Engineering, University College Cork, Cork, Ireland

Argideen Estuary

%/

Courtmacsherry
Cuift Mhic.Shéafraidh |
- J Wood

\
irelang

} 001503 06 09 12 (Metdle _ EQR2004 EQR 2006 | Provisional WFD classification
—|\— —— — Total % cover 030 037 for the Argideen Estuary using
Total affected area (ha) 037 039 /3\ opportunistic algae growth

I wigai Cover 2006 Avg biomass AlH (gm~) 024 039

Algal Cover 2004 Avg blomass affected area (gm ™) 043 0.21 epO
% entrained nr nr o A
0.26 034

Final Score ¥
WFD Classification —



Green tides in eutrophic estuaries
Ulva Lactuca has a C:N < 10 and 5% sulphur content..not pleasant
10,000 tonnes of sea lettuce arise in West Cork annually
Sufficient to power 264 cars per annum

To To T Do

20m? CH, /t wet
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Brown Seaweeds

A C/N ratio in range 2q 30
A Low sulphur

A Suitable for monadigestion

“MaREl
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Energy xxx (2015) 1-9

Contents lists available at ScienceDirect

ENERSTY

Energy

journal homepage: www.elsevier.com/locate/energy

What is the gross energy yield of third generation gaseous biofuel
sourced from seaweed?

Eoin Allen ¢, David M. Wall ¢, Christiane Herrmann °, Ao Xia ?, Jerry D. Murphy * "

2 Environmental Research Institute, University College Cork, Lee Road, Cork, Ireland
b School of Engineering, University College Cork, Cork, Ireland
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Specific methane yields of Sea d

Specific

Substrate BMP yield Theoretical Theoretical Biodegradability

(L CH: kg VS™) composition of  yield (L CH, index yield (m?

biogas (CH,%) kg VS™) CH, t™ wwt)

A. nodosum 166.3% + 20 53 488 0.34 32.3

H. elongate 260.9"+ 2.05 36 334 0.78 21.1

L. digitata 218.0% + 4.14 53 479 0.46 225

F. spiralis 235.2°"+ 0.43 55 540 0.44 32.7

F. serratus 101.7% + 9.37 54 532 0.19 13.5

F. vesiclosus 126.3°" + 11.28 37 249 0.51 19.4

5. polyschides 263.3"+4.23 48 386 0.68 34.5

5. latissima 341.7% + 36.40 50 422 0.81 34.5

\ A. esculenta 226.0°" + 5.66 53 474 0.48 26.9

S.Iatissi U. lactuca 190.1%% + 3.10 48 465 0.41 20.9
Cellulose 357.45 + 15.20 - 414 0.86

Different superscript letters =2 | ndicate significant differences between BMP yield means of substrates (P < 0.05, adjustment = 5|

wet weight.

“MaREl

Centre for Marine and .
Renewable Energy




'U“ ﬂ

Bioresource Technology 208 (2016]) 213-219

Contents lists available at SclenceDirect

BIORESCIURCE
TECHMNCHLOGY
Bioresource Technology .
|I‘~@|II‘~, [ H- journal homepage: www.elsevier.com/locate/biortech —

The effect of seasonal variation on biomethane production from seaweed @mﬂmm
and on application as a gaseous transport biofuel

Muhammad Rizwan Tabassum®, Ao Xia™*, Jerry D. Murphy *°

4 MaREl Centre, Environmental Research nstinee, University College Cork, Cork, Ireland
® Key Laboratory of Low-grade Energy Utiization Technologies and Systems, Chongging University, Chongging 400044, Ching
“School of Engineering University College Cork, Cork, Ineland
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Seasonal Variation in composition of Laminaria Digitata
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Seasonal Variation in biomethane yield fron
Laminaria Digitata
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Bioresoure Technology 216 (2016) 219-X36

Contents lists available at ScienceDirect -
RIORESOLRCE
TECHMOLOY
Bioresource Technology .

ElLSEVIER journal homepage: www.elsevier.com/locate/biortech —

Seasonal variation of chemical composition and biomethane production @wmﬂk
from the brown seaweed Ascophyllum nodosum

Muhammad Rizwan Tabassum®, Ao Xia"*, Jerry D. Murphy **

4 MaREl Cenrre, Envirgnmental Research hstinee, University College Cork, Cork, Irelond

® Key Labontory of Low-grade Energy Utilization Technologies and Systems, Chongging University, Chongging 400044, China
“School of Engineering University College Cork, Cork, [reland
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Bioresource Technology 196 (2015) 301-313

Contents lists available at ScienceDirect
BIORFSOURCE
TECHMNOLOGY

Bioresource Technology B

journal homepage: www.elsevier.com/locate/biortech

Ensiling of seaweed for a seaweed biofuel industry @mssmﬂ

Christiane Herrmann?, Jamie FitzGerald ?, Richard O'Shea? Ao Xia?, Padraig O’Kiely®, Jerry D. Murphy **

* Science Foundation Ireland {SFI), Marine Renewable Energy Ireland [MaREl), Environmental Research Institute, School of Engineering, University College Cork, Cork, Ireland
b Teagase Animal & Grassland Research and Innovation Centre, Grange, Dunsany, Co. Meath, Ireland

Higher methane yields after ensiling
can compensate for silage
fermentation losses.

No losses in methane yield occurred
during 90 day storage for 4 of 5
species.
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A perspective on algal biogas

Jerry I MLRPHY
Bernbord DROEG

Enin ALLEN
Jaoqueline JERNEY
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NMicroalgal Cultivation in
Treating Liguid Digestate from
Siogas Systerms

1.3.=

Ao Xia’? and Jerry D. Murphy

Upgrading |— | Biomethane B Area requirement for liquid
Biogas digestate treatment
CHP T » Electricity | Land application
//_l‘_\ | | Microalgal cultivation
hn " = =
co, Biochemicals
Biofuels |
'L Microalgal biomass
Digestate o, Feeds
Soil conditioners
v 0 N

Y i
Solid [«— f” |—» Liquid f” —»| Reclaimed water

v v

| Fertiliser | | Thermal chemical conversion |
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Curtailment and storage of variable renewable electricity
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P2G: Electrolysis followed by Methanation

2 MW Power -to-Gas unit ( Falkenhagen , Germany). Windmill at a biogas facility. (Source:  Xergi)

Hydrogen is injected into the grid without methanation
Electrolysis: Electricity converted to H2 at 70 - 90% E
Methanation : 4H, + CO, = CH, + 2H,0O at 80 8 90%E
Overall: 55 - 80% E

uuuuuuuuuuuuuuuuu
Coléiste na hOlscoile Corcaigh
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Gaseous biofuel from non-biological origin

H,: energy Density 12.1 MJ/m 3 : CH,: Energy density 37.6 MJ/m 3
Sabatier Equation: 4H, + CO, = CH, + 2H,0
ro T T T T D
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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).
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