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Developing Economic solutions for on-farm Anaerobic Digestion
technologies under Irish conditions

WP1: Enhance on-farm digestion efficiency through novel pre-treatments

\
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Energy - Climate- Marine

WP2: Integration of electro-methanogenesis with anaerobic digestion to increase overall biomethane conversion

ournal of Cleaner Praduction g
WP3: Optimising the logistics of on farm anaerobic digestion in Ireland P M
WP4: Techno-economic analysis of potential on-farm anaerobic digestion pathways Improving biomethane production
from blo_cha_r—supplemented two-stage
WP5: Management, communication, and dissemination anacrobic digestion of on-farm
20 H: Hydrogen reactor; M: Methane
. Two-stage digesters T OLR 17T€actgr OLR140 , OLR1609 | OLR18.0
Dr David Wall > 24r I H1 ~
55 °C 37°C 5 ~ | ——H2
@ ~ - gL 18+ | i
32 |
A1y F \ | [ | Digestate 5
; - ~ , 6
' . 7 l s Liquid digestate 1 0%
Dr Richen Lin A — e e 0
N H1 M1 0 20 40 60 80
= < < 220
. T
On-farm e | 4d |—p ] 16d ws '% 190
AN feedstocks e w @ %g
Dr RiFhard o] T_Shea Biochar 4_Liquid digestate 1 Biochar E 3? 160
L 10g/L  H2 M2  10g/L e=
\ -8 130
Single-stage digesters (,% 100 OLR 3.0 : OLR 35
37°C 0 20 40 60 80
Dr Xue Ning ~ OLR: organic loading rate (g Day (d)
—_— | 20d | —y VS/L/day)
“m Il || Digestate
L ! N3 Biochar increased bio-hydrogen yield by 62% - 139% in two stage continuous digestion
@ e
|
On-farm 504 | Digestate Biochar increased biomethane yield by 3% in single stage continuous digestion, and 7% in
—_— BT
feedstocks 1 | . two stage continuous digestion (OLR 4 kg VS/m3/day)
Biochar
» 30
Dr Jorge Diaz Huerta 10g/L
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technologies under Irish conditions

e WP1: Enhance on-farm digestion efficiency through novel pre-treatments Eneray - Climate- Marine
WP2: Integration of electro-methanogenesis with anaerobic digestion to increase overall biomethane conversion

\\“"[,

Prof Jerry Murphy WP3: Optimising the logistics of on farm anaerobic digestion in Ireland ; e !
WP4: Techno-economic analysis of potential on-farm anaerobic digestion pathways — = —
. . . . . Improving the efficiency of anaerobic digestion and optimising in-situ COz %:’-'
WP5: Management, communication, and dissemination o ol doc b e
DC power supply  DC power supply DC power supply ‘

DHRW{WN| 1ov:F/a 1ov:}/ﬁ( F\; 1oV
lnllnll-ll Il 1

Group 1 Group 2 Group 3 Group 4 Group 5 :
with electrode with electrode with modified without electrode withoutelectrods Lo
+ 10 g/L biochar electrode + 10 g/L biochar Pristine Electrode Modified Electrode

LY Cycle 2 (glucose) and Cycle 3 (grass silage and cattle slurry)
Dr Rlchard O Shea

600 wroup 1 Biochar increased biomethane yield by 7.9%
#— group 2
450 &— group 3
. - 4 . .
Dr Xue Ning & group§ MEC-AD system increased methane yield by 96.8% and methane content

by 32.5%

Proposed underlying cause: Increased VFA degradation on the anode and
in-situ carbon conversion from CO, to CH, on the cathode

CH, yleld (L kgV's)

0 8 16 24 32 . .
. 6.5 fold return on electrical energy input
Time (day)

Dr Jorge Diaz Huerta
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WP1: Enhance on-farm digestion efficiency through novel pre-treatments
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WP2: Integration of electro-methanogenesis with anaerobic digestion to increase overall biomethane.conversion

WP3: Optimising the logistics of on farm anaerobic digestion in Ireland .; & e Supply: Zero-grazing,
WP4: Techno-economic analysis of potential on-farm anaerobic digestion pathways pasture based
The effect of seasonal biomass availability and energy demand on the S
. 1 1 1 1 1 operation of an on-farm biomethane plant
WP5: Management, communication, and dissemination . | | Demand: Constant,
' Peak demand period [ .
= ———— m " ' Winter, Summer
e} AplcdEnrgy | Total biomethane ta
e o o b | o S e Seasonal manure
= resource: ~“67 PJ g ; I
Altema(ivei energy man‘agemen( slralggies for large industry in = ‘é = \\ avallablllty may
non-gas-grid regions using on-farm biomethane = 1 '
) ¥, N ? reduce output by
;) 2 I: Natins Gas Grid LEU L i DECEﬂtfa“?Gd ’ 2 35 ® u oMW I«o M s W B 21%
Dr Richen Lin RetoUrce Location ocation resource in o i

VICInItV Of LEU ;‘ Cows outdoars = no slurry available -; [ ] Can r‘ed uce digester
Silage fed to digester — iquid digestate recinculated

- , . size by 6- 17%.

: Peak demand period
1

YN = * If extra silage is used
VI gr-:m . )
Dr Richard O Shea £ m_ezet{ng the RED-III
P g w0 criteria becomes
g more difficult.

* Digestate

(k) e ——— recirculation is
Distance from Gas Grid (km SMETem—e Gpsine . el
Share of Total Resource (%) - : ‘ _m : - required if liquid
5 10 15 20 25 n ! prak s et ; - manure is unavailable
B, : i g
25 1119 | 3~ *% * Seasonal gas demand
. 20 14.40 | 9.56 i i i “ 3 may increase digester
Distance from Large g ol size by Ub to 30%
Energy User 15 17.31 | 12.28 | 7.87 g w0 : 5 _/ » 3 y up °
(km) o - : : gy o compared to constant
10 16.06 | 12.25 8.61 5.16 s T K ; demand.
Corws cutdears — no sharry available 3 2
Dr JOI’ge DlaZ Huerta 5 9'72 7.42 5'69 3'91 2.42 ——— Liquid digestate bank = =++=+ Solid digestate bank




@ “A Dynamic Anaerobic Digestion-based Biorefinery Model to Enhance the Alternative Uses of Grass” Energy - Climate- Marine
“ - 400 Bioresource Technology 1 Upﬂow Anaerobic S|Udge
' e il Future energy systems Leach Bed Reactor (LBRs) Blanket (UASB)reactor
Dr David Wall 0 ELSEVIER journal wwwelsevier 5 \ ¢ 6 [TTTTTTTT T T T T T T 1
90% : ! | .
- . I
Ag"-land _under Demand-driven biogas production from Upflow Anaerobic Sludge Blanket S Dlspatchable Q Q : :
grass in (UASB) reactors to balance the power grid % 2 renewables 1 1 1 : 1
IrEIand Rajas Shinde ™, Anga Hackula™®, Richard O'Shea®", Susanne Barth®, Jerry D. Murphy *°, _.Z‘ H H H ! :
: David M. Wall " i3] : Biogas |
imeNy 5 Variable renewables _DJ _DJ ‘D! e e wm |
. a | ! < °
Dr Richard O Shea Peak OLR 2 hours before peak demand ! —a B
Effluent 1
20 %/hr ramp up Time V[ tank P war !
I
350/ 18 %/hr ramp down ! |
o ‘l) 123 %bandwidth | |
of tota . . . . - | !
Rajas Shinde emissions Biogas production aligned with peak electricity demand . ' Influent i
I
1
1
1
I

. Peak demand - 16
. o hours
CE : 1 e,
6 ! o “e. -
Climate Action Plan gglandt': Natisotnatl eoc b0, :' ee ‘e
iomethane Strategy - | L
2025 oo s . : 1 . . 12
ay - 3 : /* ¢
;‘U [ ™ : i —~
- : T
it N |z
%% |I ‘_-' 8
- o 3 | =i o
c o n=H v
g2 £ 2
S a ki e
'g E 2 =F 4 °©
a 3 Taaaws [
g9
© 51 M2
25% reduction in 5.7 TWh of
agricultural biomethane by ° i
emissions by 2030
2030

= Phase 2 [HRT 3d) —— Phase 3a (HRT 2d) = Phase 3b (HRT 1d) e Powerdemand = ==0LR




Decarbonlsatlon of Whiskey Distilleries in a Circular Economy

e

‘@ IRISH RESEARCH COUNCIL
An Chomhairle um Thaighde in Eirinn

By-products: 10.3 kg per Original Litre Of Alcohol (OLA)

Distillery

Whiskey Revenue

PR

Whiskey

Distillery
By-Products

“MaRE]|
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Volatile

Fatty o
Acids | |
("')

|
v

i Ele:tricity o | & Aﬁ
K- o
‘Thiermial k

— a -
» olids Biogas
> +

Enegy By-products Processing Cattle Feed quuuis Comparison of Three Different Systems
Contents lists available at ScienceDirect
BEe® Bioresource Technology
I.-[ ;I \. IER journal homepage: www.elsevier.com/locate/biortech

Design, Construction, and Concept Validation of a Laboratory-Scale m

Two-phase Reactor to Valorize Whiskey Distillery By-products Two-phase anaerobic digestion for enhanced valorisation of whiskey i
il ™ !‘ Anga Hackula, Richard O’Shea, Jerry D. Murphy, and David M. Wall* distillery by-products
l L

Anga Hackula™", Rajas Shinde "‘, Daniel Hickey ", Richard O'Shea™", Jerry D. Murphy ™",

Cite This: ACS Eng. Au 2023, 3, 224-234 David M. Wall "™

I:I Read Online

Dr Richard O Shea

Distillery Whiskey

/ Cereals T €

A 4
A 4

Propionic Acetic

/ / / VA Acid : 5 Acid %Electricity — ) Revenue
Dr Anga Hackula 15%)20% k‘ > ﬂ
- Anaerobic ‘ Thermal | _, | By-products Processing
0 . o Demand
55% Digestion .
Butyric Systems A L._
Acid . % - —’-X:X — (i
Biogas" A VFAs* Processing
Constructed Commissioned )
Legend:

& : Traditional CSTR systems

~60% of theoretical biogas output A : Two-phase AD Systems

~75%vol. methane content
~55% butyric acid
~20% acetic acid

Digestate"‘

Similar methane yields between 3 systems assessed
Ability to replace 44% of distillery gas demand

Additional 0.14€/0OLA
34



Decarbonlsmg whiskey production

Dr Rlchard O Shea

Dr Xihui Kang

Biofuel Research Joumnal 31 (2021) 1417-1432

{ Biofuel F
b Research Journal - ]

Jourml hamagege: waw botustouma com

Original Research Paper

Distillery decarbonisation and anaerobic digestion: balancing benefits and drawbacks using a

compromise programming approach
Whiskey
g | / naerobic Digestion (AD)

Scope 1 Fossil Fuels

Scope 2 Electricity

Whiskey By-

Scope 3 Raw Materials products

Scenarios: g Criteria: Weighting
9,261 o 5 Regimes: 4
o

Max Min Equal Subjective
benefit | drawback weights weights
Draff (%) 100 0 50 100
Thick Stillage (%) 100 0 50 100
Thin Stillage (%) 100 0 55 0
Scope 1 Saving (%) 60 0 33 45
Scope 3 Saving (tCO,eq) 11,389 0 6,748 10,105
Other emissions (ktCO,eq) 38,641 0 20,165 26,315
Protein Loss (t) 13,554 0 6,974 9,618
Electricity Saving (MWh) 8,514 0 6,086 5,442

YMaREl

Energy - Climate - Marine

Scope 1 Emissions*
1

Electricity Saving* Scope 3 Emissions™

» Other Emissions*

Digestate

UFL Loss Total Emissions

Protein Loss*

—e— Maximise Benefit —@—Minimise Drawback Equal Weights —e—Subjective Weights
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Weighting MCDA Methods: Monte Carlo M a R E I

Content s vallale i Sclencepicece sd Technologies: Pathways: Criteria:
Journal of Cleaner Production 5 21 5 Regimes:4 5 Simulations: Energy - Climate - Marine
journal 1,000
Assessing decarbonisation pathways in the food and beverage sector: A _:).. o— | I o ﬂ%
multi-criteria decision analysis approach g HEE g 0
Richard O’Shea™"", Richen Lin®, David M. Wall ", Jerry D. Murphy ** ° 0 BE]E L
100 1
—'® 90
2 X 3
; i =
) 5 703
.- = 60 E
& 50 3
> 40 3
. B 5 007
R - z ¥
— v eam System 3
L= € 20 3
. | cweorc | ¥ S o
& —
1 2 3 4 5 6 7 8 9 10 11 12
n === Electricity Rank
> BT —_—
- o —— 10— — 15—+ —20 ------- 11——18—-— 14
75 G — -
‘ Biogas Feedstock ‘ ‘ Anaerobic Digestion ‘ — T8 V=29 —=1—==21- > MCDA'l
Equal Weighting (MCDA-1) Economic Only Environment Only Environment and Economy
(MCDA-2) (MCDA-3) (MCDA-4)
Pathway New Boiler & CHP-ORC & Heat | New Boiler & CHP-ORC & Heat [38kV & Heat Recovery & Biogas|New Boiler & CHP — ORC & Heat
Recovery Recovery Recovery & Biogas
NPV (M€) 11.232 11.232 -15.398 -6.016
Project carbon saved (tCO,eq) 342,383 342,383 780,365 765,188
LCOA (€/tCO,eq) -32.80 -32.80 19.73 7.86
Discounted payback (yr) 12.75 12.75 >20 >20
CAPEX/tCO, 1,524 1,524 480 932
Scope 1 emission reduction (%) 43 43 100 100 36
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* Eli Lilly Lecturer in Process and Chemical Engineering, UCC (2022)
* PhD in Engineering, focusing on Photosynthetic Biogas Upgrading, UCC (2022)

*  MSc (Mechanical/Energy Engineering), KTH Royal Institute of Technology, Sweden and Politecnico
di Torino, Italy (2018)

* BEng (Mechanical), Jadavpur University, Kolkata (2014)
*  Program Director, MEngSc Pharmaceutical & Biopharmaceutical Engineering, UCC (2023)

e  Circular Bioeconomy and Industrial Symbiosis

Dr Archishman Bose

Process design and feasibility analyses (technoeconomic analysis, life cycle assessment) with focus
on biorefining

.l
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Sustainable Biomethane for a Renewable Future
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Energy - Climate- Marine

ACCELERATE
CLEAN ENERGY
TRANSITION

37.6

TWh
REPowerEU

PHASE OUT DEPENDENCY
ON RUSSIAN FOSSIL FUELS

ENERGY
SOURCES

I

SMART INVESTMENT
National and European plans:
reforms and investments,
faster permitting and innovation

2021 2030 What is Sustainable
Biomethane

80% 65%

Target 2030 Emission | Emission

Competitive

CLIMATE ACTION PLAN 2023
Changing Ireland for the Better

Reduction in Reduction in

prices
Heat Transport

L 328/82 Official Journal of the European Union 21.12.2018

DIRECTIVES

0.5
TWh

DIRECTIVE (EU) 2018/2001 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 11 December 2018

on the promotion of the use of energy from renewable sources

(recast)

(Text with EEA relevance)

2021 2030
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Need for Sustainable Biomethane ﬂ covironments

Advanced
Biomass
Feedstock

Institute

Advanced Anaerobic Digestion
CO,

Biogas (CH,, CO,, HyS) ) mem e — o

BTomEhane

Higher
Cost & Energy

Anaeraobic

Higher Marginal

Digestion Abatement Costs

Conventional biogas

upgrading with
separate H,S removal

__ __ — — — — — — — — — — i

Chemicals/

- s - e .

Energy

] ! Biofertili J;:_ 250 kgN/ha Digestate management and Land availability
Digestate as Biofertiliser Al p? remains technological bottlenecks

Novel AD-Biorefineries

“MaREl

Energy - Climate- Marine

Problems of
Scaling

CO, released back
into atmosphere

©
&
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Photosynthetic Biogas Upgrading

Advanced
Biomass
Feedstock

Conventional
Biomethane

Upgraded

Biomethane I ]

Biogas
Upgrading

2HCO;

T

CO» + CO™

Photosynthetic
Biogas Upgrading

Bubble
Column

Biogas —j

Researcn )
T “MaREl

C02 Energy - Climate - Marine

Biogas (CH,, CO,, H.S) £ = = Biomethane

Anaerobic
Digestion

H5S removal

Conventional biogas Higher Marginal CO, released back
upgrading with Abatement Costs into atmosphere
separate H,S removal

i__
—|—>
|
|
|
L =

N NN NN NN @

Chemicals/

Energy
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.---’ ‘ 0 e e >
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Cycle (CO; Utilisation)

Energy

Microalgae + CO,™
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Photosynthetic Biogas
Upgrading

Microlage Cultivation
and Harvesting

Chemicals
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Novel Biogas Upgrading

Understanding the Process

Upgraded Biogas
(Biomethane)

Understanding the

Process and its
Opportunities
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Networks
Ireland
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12HS™ 1 403 — 2H* + 25042

Bicarbonate Rich
Solution (Lower pH)
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:‘< Kl * * Ql
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Carbon Uptake CA
e HCO3~ —25C07 +0H™
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ogy Advances 37 (2019) 107444

Contents lists available at ScienceDirect

Biotechnology Advances

journal homepage: www.elsevier.com/lacate/biotechady

Research review paper

How to optimise photosynthetic biogas upgrading: a perspective on system M)
design and microalgae selection R

Archishman Bose™", Richen Lin*"", Karthik Rajendran™", Richard O'Shea™", Ao Xia“,
Jerry D. Murphy™"

ersity Gollege Cork, Cork, T23 XE10, Ircland
fand

Amaravari, Andira Pradesh 522 502, India

"x (ey Laboratory of Lo wnologies and Syseems, Chongging University, Chongging 400044, China

Bioresource Technology
Volume 304, May 2020, 123027

Review

A perspective on novel cascading algal
biomethane biorefinery systems

Archishman Bose * ¥, Richard O'Shea * * & &, Richen Lin  ©, Jerry D. Murphy *

E Show more

hitps://doi.org/10.1016/).biortech.2020.123027 Get rights and content

Chemical Engineering Journal
Volume 437, Part 1, 1 June 2022, 134938

Optimisation and performance prediction of
photosynthetic biogas upgrading using a
bubble column

Archishman Bose * ® © i, Richard O'Shea * b ¢ 2 &=, Richen Lin** ¢ &=, Jerry D. Murphy * °¢ =

Show more ~


https://www.sciencedirect.com/science/article/pii/S0960852420302960
https://www.sciencedirect.com/science/article/pii/S0734975019301442
https://www.sciencedirect.com/science/article/pii/S1385894722004946

Feasibility Study — Bringing up to Technology Readiness Level (TRL) 3

~ OMaRE|

Energy - Climate- Marine

Initial Feasibility CH, Protein Biofertiliser

Assessment (Biomethane) (Spirulina) (Digestate)

CO, savings not to scale
1.0 1 ——

0.9 4

Hydrogen from solar’ wind (Parkinson et al.. 2019: McDonagh et al., 2019 —
0.8 (-~ 450 €'tonne CO,) %
0.7 4 Biomethane from agriculture (Climate Action Plan 2019, Govt. of Ireland) R
(300 €tonne CO,)
0.6 4
0.5 4 160 1 Bioethanol (Lanigan. 2019) (- 200 € tonne CO,)
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CABBBIE (2023-26): Key Questions to be answered

" Y e cuesions

How to optimise and scale-up the
Bubble Column Reactor

Which local microalgae species is
ideal in Ireland

What product/ process
configuration is optimal?

How to develop business models
around this cascading process
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Novel Digestate Valorisation: EMERGE (2023-2025)
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https://www.marei.ie/project/emerge/
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Can Biochar Remove Emerging Contaminants? g ¥l; N Toighde Eireamn
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Biochar Electrodes to Enhance AD
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EXPAND (2025-2028)

ECYPAND

Exploring Economic Viability and Market Development of
Products from Anaerobic Digestion
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EXAPND - Optimal pathways for valorisation of digestate
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