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|IEA Bioenergy Task 37: Energy from Biogas

Overview of Task 37 Activities by Prof Jerry D Murphy
Circular economy in the food system Workshop

Kokousravintola Hatmooni, Jyvaskyla, Finland,
Thursday March 8
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s IEA Bioenergy

Setup in 1978 by IEA

Member Countries

Australia
Austria
Belgium
Brazil
Canada
Croatia
Denmark
European Commission
Finland
France
Germany
Ireland

http://www.ieabioenergy.com/

Italy

Japan

Korea
Netherlands
New Zealand
Norway
South Africa
Sweden
Switzerland
United Kingdom
USA



IEA Bioenergy presently has 10 Tasks

Task 32: Biomass Combustion and Co-Firing
Task 33: Thermal Gasification of Biomass
Task 34: Pyrolysis of Biomass

Task 36: Inteqgrating Energy Recovery into Solid Waste Management

Task 37: Energy from Biogas D
Task 33: Clima mpacts of Biomass and Bioenergy Systems

Task 39: Commercialisation of Conventional and Advanced Liquid Biofuels
from Biomass

Task 40: Sustainable Bioenergy Markets and International Trade: Securing
Supply and Demand

Task 42: Biorefineries: Sustainable Processing of Biomass into a Spectrum of
Marketable Biobased Products and Bioenergy

Task 43: Biomass Feedstocks for Energy Markets
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Australia
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Member countries participating in Task 37

Bernadette McCabe

Bernard Drosg / Glinther Bochmann
Rodrigo Regis / Marcello Alves de Sousa
Teodorita Al-Seadi

Elis Volimer

Saija Rasi

Olivier Théobald / Guillaume Bastide
Jan Liebertrau

Jerry Murphy

Soon Chul Park

Tormod Briseid

Anton Fagerstrom

Urs Baier

Mathieu Dumont

Clare Lukehurst / Charles Banks
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Technical Reports Triennium 2013 - 2015

A perspective on algal biogas,

Nutrient recovery by biogas digestate processing,

A perspective on the potential role of biogas in smart energy grids,
Pretreatment of feedstock for enhanced biogas production,
Process monitoring in biogas plants

Source separation of municipal solid waste

Sustainable biogas production in municipal wastewater treatment
plants

8. Exploring the viability of small scale anaerobic digesters in livestock
farming
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A perspective on algal biogas
Jesry D MURPHY

Bemhard DROSG

Eoin ALLEN
Jacqualine JERNEY
Ao XIA

Christiane HERAMANN

SUMMARY
AlRe 20 T T 3 VORI So0TU W 2JRCIN gowth i, which may W alietad
2 09 o0 |Sowed] of o3 TRrpral Snd mcuckRe| Buagas s appeeo 2 5 oetasl
et 13 SE2NGNE CrOTy Sowaver e SR M on Ak beges = riatvely Srm
Thes ropot corprtsas 3 saviaw of e Baratus 3nd povids 3 5% of e it n 3G Doges
0 15 310 3 0 2udans of Ak g anengy poboy makers. K was grocucd by [EA

¥ W 37 whiod st the Ol kg ' e @i 3xd ety
sedarchity of SegRs precucton ad ditaten

" |EA Bioenérgy T

el [EA Bioenergy

g

e

ask 37

A perspective on the potential role
of biogas in smart energy grids

Tobias PERSSON, Jemy MURPHY,
Anna-Karin JANNASCH, Enin AHERN,
Jan LEBETRAL, Marcus TROMMLER,

Jeferson TOYAKA
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The Biogas Handbook

Science, production
And applications

2013

http://www.woodheadpublishing.com/
en/book.aspx?bookiD=2576

The biogas

handbook

Science, production
and applications

Edied by Arthur Welinger, Jerry Murphy
and Dwvad Baxter
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The Biogas/Biomethane Process Chain

sales / trade
I I |

I
Biogas plant A - v )
& I Power &
LI &4 Heat
Crops ' @ /‘ (CHP)
residues
N &= )
-~ ‘ =) T Heat
(&= = = i e
digestate
return as 1 :
fertiliser =) aaq Fuel
Biomass Transport Production of Biogas up- Biomethane Fields of
production And storage raw biogas grading feed-in application

(N ATB

Source: dena, blogasreglster 2011 v Leibniz—Institut.fﬂrAgrartechnik
Potsdam-Bornim e.V.
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Case studies Triennium 2016 - 2018

Den Eelder Farm: small farm scale mono-digestion of dairy slurry.

Green Gas Hub: provision of biogas by farmers by pipe to a Green
Gas Hub with a centralised upgrading process.

Biomethane demonstration: Innovation in urban waste treatment
and in biomethane vehicle fuel production in Brazil.

Profitable on- farm biogas in the Australian pork sector.

Sondrerjysk Biogas Bevtoft: Hi tech Danish biogas installation a key
player in local rural development



BIOGAS IN SOCIETY
A Case Story

IEA Bioenergy Task 37

__" |EA Bioenergy Task 37

DEN EELDER FARM

Small farm scale mono-digestion of
dairy slurry for energy independence and
reduction in greenhouse gas emissions

IEA Bloenergy: Task 37: February 2017
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Specifications of digester system at Den Eelder farm

Technique: mono-digestion

Input (per year): 15,000 tons of fresh cow manure
Capacity: 66 kW electricity / 700 kW heat

Net output (per year): 500,000 kWh of electricity
and 1.5 million kWh of heat
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BIOGAS IN SOCIETY GREEN GAS HUB

A Case Story

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

Figure 2:gas upgrading
membranes at the Wijster
green gas hub

Year of
installation

1989

2012

560
Membrane Boo (plus liguid COL) 2014

Table 1: Attero’s gas refining installations at Wijster

IEA Bioenergy Task 37

IEA Bloenergy: Task 37: Aprll 2017
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RIOGAS N SOCIERY OB
DEMONSTRATION

Innovation in urban waste treatment and in
biomethane vehicle fuel production in Brazil

60 cars fuelled

IEA Bioenergy Task 37 IEA Bioenergy: Task 37: November 2017
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BIOGAS IN SOCIETY PROFITABLE ON-FARM
BIOGAS IN THE circulatad comventional
AUSTRALIAN PORK SECTOR

A

Serpaned

< sk manine condensate trap flare

st —

Famm—
salids
SEPRER

flowmeten
T

coarse solids to
msmemmig R dispasal or land

application manual
el - extraction lagoan peer usual % by
genorator with pipewark
Feal recieny —
i abowe g |
underground == hydragen
hobwater - A sulfide
starage tank A— ::rl:bhnr
n
trags self
draining inta
" coarse solids soreening step may not be in use, gravel beds

Figure 3: A schematic overview of a covered lagoon biogas set-up at a piggeny

Table 1: Results from five feasibility studies of various Australian piggeries

Piggery B Payback period 10 year reburn on Total capital cost
Standard Pig Units (SPUY* {years) investment (%) (AUD)

Multi-site farrow-to- 12,602 42 198 411,900

fimish

Grow-out unit 5112 a5 7 279,400

Sow multiplier 7.08g 18 597 170,200

Farrow-to-finish 5.432 47 151 345,500

Farrow -to-finish &.975 72 By 298,300

* 4 standand pig unit (SPU) has a waste output fvolatile solids production) equivalent to a typical 4o kg (lve weight) grower pig.

ﬁmm = e e e e

IEA Bioenergy Task 37

|EA Bioenergy: Task 37: February 2018

Source: Pork CRC httpyfporkorc comawhwp-contentfuploads/aory'os s C-102 -Final-Report- 1304 20, pdf



P

energy Task 37 g >

Sgnderjysk Biogas Bevtoft

Hi-tech Danish biogas installation a key player in local
rural development

Type Tons
Animal slurries 425,000
21M m3 Of biomethane Animal bedding /deep litter 10,000
6000 m3/h biogas Straw 50,000
upgradin
IEA Bioenergy 18?000 cgrs Organic wastes 55,000
IEA Bioenergy: Task 37:March 2018 TOTAL 540,000
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Technical Reports Triennium 2016 - 2018

Food waste digestion systems.

Local applications to sustainable anaerobic digestion
Green Gas

The role of anaerobic digestion and biogas in the circular
economy

Validity of BMP results

Methane emissions

Sustainable Bioenergy Chains (Collaboration with Task 40)
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METHANE EMISSIONS
FROM BIOGAS PLANTS

Methods for measurement, results and effect on
greenhouse gas balance of electricity produced

IEA Bioenergy Task 37

IEA Bloenergy: Task 37: 2017: 12




Substrate storage and feeding
units, including:

» opan liquidisolid manure storaga
mixing tank

® SCTEW COnveyor

= silage storage

e ———
e T

Open manura storage
ar miang tank

Scraw
Conveyar

Pretreaiment
hall

Hygienization and
homoganization tanks

Poseible GHG emissicns from:

o leakages (screw conveyor when
digestate filing level in the
fermenter is o low, CH_)

» ppen storad subsirates (CH,,
MHs, le:ﬁ]

« mixing periods (CH,)

Digestion, inclueding:

+ digester, post digester and
gastight coverad digestate
storage

» miscellaneous gas-bearing plant

components like gas pipes
» bachilter

Biofiler

Possible GHG emissions from;

= leakages (8.g. foil roof, gas
pipes, elc., CH.)

= oparational and tima-variant
emissions from PRV [CHa)

+ diffusion through biogas slorage
fiail {CHL)

= 1o the biofilter conducted
emission from pretreatment of
bio-waste (CH,. NH.,, N0}

Processing and storage of
digestate residuals, including:

« opanfnol gastight covered
slorage tank

# salid-liquid saparation

# post composiing

Spreading of digestate residuals,
including:

= zalid fraclion

+ liguid fraction

= not saparated fraction

Biogas utilization, including:
» combustion in GHP

= hiocgas upgrading to biomethane
ard injectian in the natural
gas grid

Flare {if operatad)

Dpeninat gastight coverad
digestatz siorage

Poseible GHG amissions from:

= open digestate storage due lo residual

gas potential and de-/nitrificalion in
surface crusts (CH,, NH,. N:0)

« heaps whan insufficently asrated (CH,,

MH,, M)
operation of a separator (CH.)

= open storage of solid fraction (CH,, NH,,

MO}

Possible GHG emissions:

« afl-gas (CH, slip, MO}

» leakages inside the CHP
containerfroam (CH.) conducted
by the wvanlilation system

o

Possible GHG emissions from:

= spreading dus to residual gas
potential and de-nitrification and not
prafessional incubation (CHa, NH.,
W;0)

Upgrading unil

Possible GHG emissions from:

» CO-off-gas (CH, ship)

+ |zakages inside the container!
rom (GH,) conducted by the
ventilation system

= operational and time-variant
emissions from PRV {gas
compressoar, CHa)

Figure 25: Overview about GHG emission sources from components and processes applied within biogas production and utilisation
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GHG emissions (g CO2eq MJel*) *
5% EL’, 0% H?, 0% Maize (FM)> 10 % EL, 0% H, 20% Maize (FM)
a) b)
0% CH4 0% CH4
losses losses
- 150 :
All slurry 7% CHa 35 1% CH4 7% CH4 1% CH4 20% Maize

losses losses losses
200

josses 80% slurry

2% CH4
losses

2% CH4 6% CH4
losses losses

6% CH4
losses

5% CH4 3% CH4 5% CH4 3% CH4

losses losses losses losses

4% CH4 4% CH4
losses losses

Methane slippage and sustainability

Must save 70% GHG savings as compared to fossil fuel displaced to be deemed

sustainable

Fossil fuel comparator (FFC) is equal to 186 g CO2eq. per MJ of electricity

30 % of the FFC, which corresponds to 55.8 gCO,/MJ

Slurry storage without digestion assumed to produce 17.5% of methane produced; thus

carbon negative feedstock
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" Decarbonised buses

California Air Resources
Board (CARB) awarded
a Carbon Intensity (CI)
score of -254.94
gCO2e/MJ for a dairy
waste to vehicle fuel
pathway. This is the
lowest ever issued by
CARB.

Tiansport

" YPI7 UFB

Renewable Energy Directive requires 3.6% of transport energy by 2030 to be from
advanced biofuels. Ryegrass is a significant source of advanced biofuel.
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Green gas

Facilitating a future green gas grid though the
production of renewable gas

IEA Bioenergy

1EA Bioenergy: Task 37: 2018: 2
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Bloresource Technology 243 (2017) 1207-1215

Contents lists available at ScienceDirect

6 European gas grids have
committed to 100% green
gas in the gas grid by 2050

Bioresource Technology

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

Review

Cascading biomethane energy systems for sustainable green gas production @Cmmrk
in a circular economy

David M. Wall*", Shane McDonagh®", Jerry D. Murphy®"*

= MaRFI Centre, Environmental Research Institute (ERI), University College Cork (UCC), Ireland
® School of Engineering, University College Cork (UCC), reland
h [ Energy Agency gy Task 37 “Energy from Biogas”
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gy Task 37

All input welcome

All opportunities for dissemination welcome

Thank you for your attention

www.lea-biogas.net
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