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A perspective on the potential role
of biogas in smart energy grids
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A perspective on algal biogas
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Technical Reports Triennium 2016 - 2018

Food waste digestion systems.

International approaches to sustainable anaerobic digestion
Grid injection and greening of the gas grid

The role of biogas in the circular economy

Validity of BMP results

Methane emissions

Biomethane as a transport fuel

Sustainable Bioenergy Chains (Collaboration with Task 40)
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GREEN GAS HUB

Provision of biogas by farmers by pipe
to a Green Gas Hub with a centralised
upgrading process

DEN EELDER FARM

Semall farm scale mono-digestion of

dalry shary for encegy Independence and
reduction in greonhouse gas emissions
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Green Gas

6 European gas grids
have committed to

100% green gas in the
s gas grid by 2050
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Grass s, Initiation of Industry

Green Gas from residues, slurries
and grass

Sustainable
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Mobility

Renewable
Products
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Grass to transport fuel

harvest weigh bridge
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Co-digestion of grass and slurry

Bioresource Technology 149 (2013) 425-431

BIORESCIURCE
TECHNOLOCY

Contents lists available at ScienceDirect

Bioresource Technology
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EILSEVIER journal homepage: www.elsevier.com/locate/biortech

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

David M. Wall*P¢, 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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Biomethane Potential Assays
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Spedfic methane yields for mono-digestion. Specific methane yields for co-digestion.

SMY decreases as
slurry input increases
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Table 5

Potential mixes of grass silage and slurry with associated renewable energy production.
Grass: Slurry VS basis Energy in biomethane (P]Ja™") % of expected energy in transport 2020 (%) RES-T allowing for double credit (%)
Scenario 1 (equivalent to 0.4% of grass lmd)
100:0 220 1.17 234
80:20 237 1.26 252
B0:40 294 1.56 313
50:50 339 120 i6l
40:60 375 D40 384
p:100 13 1.1 % Grassland in Ireland 139
Scenario 2 (equivalent to 1.1% of grass lmd
100:0 /?/ 3151 702
20:20 A1 178 756
040 8.82 4.69 0938

| 50:50 10.16 5.40 1081 |
0100 3.594 210 419
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 40,000t a-! of dairy slurry

Scale of Grass Biogas industry
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Contents lists available at ScienceDirect

BIORESOURCE

Bioresource Technology

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

Optimisation of digester performance with increasing organic loading @Cmmﬂk
rate for mono- and co-digestion of grass silage and dairy slurry

Bioresource Technology 172 (2014) 349-355

BIORESOURCE

Contents lists available at ScienceDirect

Bioresource Technology

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

The effect of trace element addition to mono-digestion of grass silage @Cmmﬂ,k
at high organic loading rates

David M. Wall*™“ Eoin Allen®", Barbara Straccialini ¢, Padraig O'Kiely . Jerry D. Murphy *"*
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Continuous digestion of grass and slurry

Higher Grass Silage Input
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Fig. 1. Specific methane yield for R6 { mono-digestion of grass).

Reduction in yield of mono-digestion at high OLR
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Bioresource Technology 216 (2016) 238-249

Contents lists available at ScienceDirect

Bioresource Technology

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

=
BIORESOURCE
TECHNOLOGY

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

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

MaRE| Centre, Environmental Research Institute { ERI), University College Cork (T, Ireland
School of Engineering LCC, Ireland

A perspective on the potential role
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Biogas Process

CHP [—>
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Figure 6: Approaches for biogas-based demand driven power production (Szarka et al, 2013)

Demand Driven Biogas
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Gothenburg Biomass Gasification Project (GoBiGas)
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Thermal production CO+3H, = CH, +H,0 Gas upgrading

- CO,+4H,=CH, +2H,0 Removal of CO2
of Biomethane 200+ 2H.= CH. + CO,

SYNgas

Char CHa natural
2a
combustion 4 Syngas gas network

Gasification s cooling &
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Typically ca. 65% energy efficiency
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Applied Energy 108 (201

Contents lists available at SciVerse ScienceDirect

Applied Energy

ELSEVIER journal homepage: www.elsevier.com/locate/apenergy

What is the realistic potential for biomethane produced through

gasification of indigenous Willow or imported wood chip to meet e gl
renewable energy heat targets? o e

B urban Areas
Cathal Gallagher?, Jerry D. Murphy <+ B o Ve i i

Plant Size MW 50
Land area (ha) 6800
Number of plants required 11

As a % Energy in Transport 5.5%

As a % of agricultural land 1.7%

Compare with 170 digesters
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Waste Management 33 (2013) 2425-24
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Bioresource Technology 200 (2016) 213-219

Contents lists available at ScienceDirect =
BIORESOURCE
TECHNOLOGY

Bioresource Technology

a5

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

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

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

“ MaREl Centre, Enviranmental Research nstinte, University College Cork, Cork, freland

® Key Laboratory of Low-grade Energy Utilization Technologies and Systems, Chongging University, Chongging 400044, China
=School of Engineering University College Cork, Cork, Ireland

Bioresource Technology 216 (2016) 219-226

Contents lists available at SclenceDirect

Bioresource Technology

_| \.| .\ |J H journal hemepage: www.elsevier.com/locate/biortech

Seasonal variation of chemical composition and biomethane production @wsm,*
from the brown seaweed Ascophyllum nodosum

Muhammad Rizwan Tabassum®?, Ao Xia"*, Jerry D. Murphy **
4 MaREl Centre, Environmental Research stinete, University Callege Cork, Cork, Irelond

Koy Labomtory of Low-gmde Energy Utilization Technologies and Systems, Chongging University, Chongging 400044, China
“School of Engineering University College Cork, Cork, Ireland

“MaREl

Centre for Marine and
Renewable Energy
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Seasonal Variation in A. nodosum

45

35

Spacificyield [m® CH, twat?)
1

m BMP ——Puolyphenols

“MaREl

Centre for Marine and
Renewable Energy

January  February

March

April May June Juby

o MY e———FPalyphanals

August September October November December

Polyphenol [mg ganwt)




_IEA Bloenergy Task 37

Cultivating Seaweed

PROCESSING PLANTS, HOLDING SPACES,
LIVING QUARTERS, BUOYANCY CONTROL
AND NAVIGATION

POLYPROPYLENE LINES > NN
SUPPORTING KELP PLANTS

\\\

1 M" LO.G UMELlIlG PIPE <

 STRUCTURAL MEMBERS
(AND NUTRIENT DISTRIBUTION SYSTEN)

SN

Figure 1. Conceptual design of 405 ha (1,000 acre) ocean food and energy farm
unit. (Leese 1976) Source David Chynoweth,

Position adjacent to fish farms, protect fish from
jelly fish

Increased yields of seaweed as compared to
pristine waters

Clean water of excess nutrients

Harvest when yield is highest
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Contents lists available at ScienceDirect

Bioresource Technology

e
e L
a—

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

BIORESOURCE
TECHNOLOGY

Biogas production generated through continuous digestion of natural
and cultivated seaweeds with dairy slurry

Muhammad Rizwan Tabassum, David M. Wall *, Jerry D. Murphy

“MaREl

Centre for Marine and
Renewable Energy

@ CrossMark




Long term co-digestion of seaweed with dairy slurry

Table 1
Characteristics of substrates for batch and continuous digestion,
(haracteristics Dairy shurry 5. lotissima L. digitata
Total solids (Ewwt) 7.00(0.15) 921 (027) 1766 (0.34)
Volatile solids (Zwwt) 560(0.10) 527 (0.16) 1442 (021) L "yl .
Ash (% of TS) 2023(062)  4280(081) 1831 (066) r=SMY —a—BMP OLR HRY BMP ~e~FoxTac
CE (% of TS) 40,60 (0.18) 27.85(0.16) 3345 (0.22)
H (% of TS) 532 (0.14) 358 (0.02) 4.71 (0.01) 300 OWR2 OtR3 OLR4 OlRrs OLR 6 20
N (% of TS) 253 (0.10) 180 (0.28) 1.22 (0.05) HRT 37 days HRT 24 days HRT 18days  WRT 1ddays  HRT 12days
0% (% of TS) 31.32(033) 2402 (051) 4231 (0.77) )
N 16 (0.56) 15.84(1.37) 2742 (125) : »
2%0 :
Standard deviation is in parentheses. H - 16
s a
200 _ -_--_____-----______---_-_.__|__.’__--_1 s ——t
| | : | I |
] : H : 112
> [ i g i [ i <
a2 H =
g 130 I I I I g
: SRR}
: ® [*
100 I s I | g |
I I ' I
| I | |
- u [ [ (I i [ 4
e i se AL steeed L E
: © ° : * % e ° 3 2
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0 : 1 2 1 é i £ 2 : 1 l 0.0
° ¢ 12 s 24 30 3
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Fig. 1A Co-digestion of 66.6% L digitata with 33.3% dairy slurry: Variation in SMY and FOS:TAC with increasing organic loading rate. Spedfic methane yield (SMY),
biomethane potential before acclimatization (BMP), after acdimatization (BMP* ), and the fermentation stability (FOS;TAC). Vertical darker lines indicate changes in organic
loading rate (OLR), vertical small dashed lines indicate retention times (HRTS).

“MaREl

Centre for Marine and
Renewable Energy
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Bioresource Technology 196 (2015) 301-313

Contents lists available at ScienceDirect
BIORESOLRCE

TECHNOLOGY

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.




A perspective on algal biogas
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Applied Energy 148 (2015) 3062

Comntents lists available at SciencelDirect

Applied Energy

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

A perspective on gaseous biofuel production from micro-algae generated @ CrossMark
from CO5 from a coal-fired power plant

Figure 8: Open cultivation systems for cultivation of microalgae; left: Race way ponds at pilot-scale (© Elad Zohar, Erber Future Business GmbH);
right: cascade system (= thin film system) (© Jiri Kopecky, Institute of Microbiology, Trebon)



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
/,1\ | || Midroalgal cultivation
nn " - -
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Contents lists available at ScienceDirect .
BIORESOILIRCE
[ TECHMNOH A Y
; Bioresource Technology .

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

Optimised biogas production from microalgae through co-digestion
with carbon-rich co-substrates

@ CrossMark

Christiane Herrmann *°, Navajyoti Kalita®, David Wall *", Ao Xia*, Jerry D. Murphy ***

4 The MaREl Centre, Eminonmental Research Instfute, University College Cork, relmnd

5 Sehoal of Engineering, University College Corly Cork, Ireland

“ Leibniz Imstinete for Agriceliuml Engineering Fotsdam- Bomim, Department of Bice ngineering Max-Eyth-Allee 100, 14469 Porsdom, Germany
“ Key Laboratory of Low-grade Energy Utlizarion Technolsgies and Systems, Chongging University, Chongging 400044, China
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Centre for Marine and
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- Mono-digestion of A. platensis was assessed in reactor 1 (R1).
- Reactor 2 (R2) was fed with a mixture of 85% VS of A platensis
and 15% VS of barley straw.
- Reactor 3 (R3) was fed with a mixture of 45% VS of A platensis
and 55% VS of energy beet silage.
- Reactor 4 (R4) was operated with a mixture of 15% VS of A.
platensis and 85% VS of macroalga L. digitata.
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Fourth stage of Industry

Green Gas from electricity
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Curtailment and storage of variable renewable electricity
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Renewable Energy 78 (2015) 648656
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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 2
Sabatier Equation: 4H, + CO, = CH, + 2H,0
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Source of CO2 from biogas:
Mix biogas (50% CH4 and 50% COZ2) with H2; generate double the CH4
(1 mol CO2 generates 1 mol CH4).
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WHAT IS GREEN GAS?

GreenGas ks a formof enengy dertved primadly from blomass; blokgical matend thatincludes energy aops
(such a wood, grasses, and seaweed), animal sturres, and munidpal wastes, 25 well as from non-blologlcal
orignssuch as electricity. Itis a form of repewabie energy thatcan be Infected into the exdsting neturd gas
network and used as 3 substi tute for retural gas for repewable electridty, heat, and trarsport.

http://www.marei.ie/wp-content/uploads/2017/03/MaREI-4-pg-A4-Brochure-v8-Single-pages.pdf
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