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Danish Biogas Association &

The organisationen for all stakeholders in biogas

Mission Members

* Promote production and use * Producers and users of biogas

* Promote cirkular economy e Biomass suppliers and users

* Capacity building * Technology and equipment suppliers

* Networking and knowledge * Consultants and knowledge institutions
sharing * Energy, waste and agriculture sectors

* Approximately 185 members
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Danish biogas . U

A developing sector

Production expanding Danish biogas is agricultural based ‘
Biogas production 1995-2020 Relative production 1995-2020
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In 2020

20 per cent of Danish livestock manure was digested in biogas plants
Producing 20 PJ biogas which substituted 20 per cent of natural gas
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Development to be continued .

Minimum 70 per cent biogas in grid by 2030

Projection by Danish Energy Agency, 2021 Minimum 70 per cent green gas in 2030
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Market demand for more biogas .

Danish ressources can meet the demand

Biogas production potential 2020 — 2050* Biogas and P2G demand 2020 — 2050%**
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Biogas * University of Southern Denmark and Seges 2020
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Expected development . U

Agriculture delivers energy - manure the prime ressource

Biomass origin for biogas production Input for biogas production .
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Utilization of resources

70 per cent of livestock manure, 40 per cent of straw

faseeag]

Utilization of livestock manure and straw
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Double climate effect .

Agricultural benefit can be increased

Reduce GHG in agriculture and energy sectors  Frequent slurry removal increases positive &ffect

GHG reduction* Reduced methane emission in agriculture*
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* Danish Energy Agency projection of 52 PJin 2030
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Methane leakages must be controlled

Methane is a powerful GHG in the short term

Methane loss reduce biogas as effective climate tool** Funny fact**
GHG reduction at varying methane loss (GWP 28) * GHGreduction at GWp 28 and 84*
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* Danish Energy Agency projection of 52 PJin 2030
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Pioneering methane leakage effort
From pilot projects to voluntary programme

Preliminary pilot project 2014 Pilot project in 2015 .

Measurements on 10 biogas plants Comparing different technologies

* oto1o0 percentloss * Farmscale and centralized biogas plants
* Most leakages were easily repairable * CHP and upgrading plants

* Emissionreduced from 4.2to 0.8 percent ¢ Different leakage detection methods

* Projects not representative » Different quantifiation techniques

* Presentation on annual conference * 1.1to03.3 percentlossin biogas plants

* Dialogue with Energy Agency for followup ¢ Upgrading plants from 0.04 to 4 per cent
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Voluntary programme

Launched by Danish Biogas Association in 2016 in co-operation with Ministry

Principles and targets Results 2016 to 2018

Basic elements

1. Self check programme

2. Leakage detection by third party

3. Quantification of leakages by experts

= e

o 338383838838

Per cent methane loss

Target: 1 per cent in 2020
* 2018:Loss 1.1 per cent*
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* On plants delivering half of Danish biogas production
Biogas
Danmark



Government subsidy scheme paused the voluntary programme

A4 A 4 4
Government programme . l

20% All participating plants 25
15%
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Content Results
Programme content ®Fzllesanleg @ Girdanleg  ® Renseanle@g @ Industrianleg @ FMP
45%
1. Self check programme 5 —
2. Leakage detection by third party i Agricutural plans 2.1
. [ . 30% Waste water plants 7.7
3. Quantification of leakages by experts 25% Industrial plants 2.0
A

Methane loss

Proposal for repair

Minister can within current legislation 0% FR0ets om o a2 , -
s 1000 1500 2000 2500 3000
* make subsidies dependent on Mistlisiie Hio duetonm (ks GH, ex ot )

* the plant has taken action
* to control and document methane leakages
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Conclusions

Biogas is a key in reducing carbon foot print of agriculture

Efficient multifunctional climate tool

Reduced emissions of GHG in agriculture

* methane from livestock manure

* methane from organic catch crops

* N20 from reduced use of fertilizers
Reduced emissions of GHG in energy & waste
» Substituting fossil fuels

* Reuse of residues in circular economy

Biogas
Danmark

W W
|

We must and can reduce our own footprint

Methane control programme

» Self check programme (CCP)

* Leakage detection by third party

* Plan for repair and maintenance

BAT

* gas collection/cooling of digestate storage
* maintenaince of security valves

In Denmark Parliament has agreed that agriculture
must reduce GHG emissions with 8 million tonnes in
2030. Biogas will in 2030 reduce GHG emissions with
more than 3 million tonnes.




Danish Biogas Association
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Biogas Danmark
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‘Methane emissions from organic waste: Turning a
challenge into an opportunity’

27 October 2021

European Biogas Association

VANYA VERAS
Secretary General

e

EUROPE




Municipal Waste Europe

* Non-profit European umbrella association representing
public responsibility for waste management. Founded in

2009, based in Brussels (Belgium)

- MWE Members are national, regional or local
organisations or authorities who hold public responsibility
for Municipal Waste management

* 21 Members and Observers to date
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Landfill Directive 2018/850

« Many Member States still landfill over 50% of their
waste

* For most of those countries, their landfilled waste is up
to 60% organic waste (food and/or garden waste)

* 1 ton organic waste untreated decomposes to release
about 1 ton of CO,, (as Methane — CH,)

« The Landfill Directive requires a reduction in landfilling
to 10% of total waste by 2035 with a derogation
possible up to 2040 if requested

mwe
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EU Waste Framework Directive (2018)

« Target of 65% recycling by 2035 — new revision in 2024

« Recycling includes the digestion and/or composting of
organic waste

 This is a straight-forward opportunity: separate
collection, weighing on entry into the plant, reports as
recycled (water content)

mwe
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Methane and Recycling Wins

e Win-win-win-win:

1. Removed from landfill reducing methane emissions and
leachate

2. Gain of renewable energy source and soil amendment

3. Further carbon capture in soils through use for soll
remediation

4. Achievement of recycling targets and creation of a circular
bioeconomy

mwe
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Chart — Municipal waste landfill rates in Europe by country
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Percentages and Current Practice

* In MSs with colder climates the percentage of organic
waste in municipal waste is 30-40%

» The majority of these MSs treat their residual waste in highly
efficient, BREF emission limit respecting waste-to-energy plants
before landfilling

» MBT or ‘drying’ of organic waste before landfilling will not avoid
Methane emissions. It rains. Have you ever bought dried
mushrooms? Then reconstituted them in water? Or simpler
yet...have you ever boiled pasta? Then you understand what |
am getting at.

* In the MSs with 50-90% landfilling still today, 40-60%
of their municipal waste is organic waste, either directly
landfilled or after MBT.

mwe
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The Potential is Huge

 There has been progress but there is still huge potential for
removing organic waste from municipal, commercial and industrial
waste through separate collection

* Measured: 88 million tons food waste per year (EU 2018)

« Through food waste prevention measures the quantity of this food
waste arriving at MBT plants and/or directly to landfill is
diminishing.

« Every ton of food waste in a landfill is 1 ton of CO,, (0.04ton
Methane assuming 25 x potency)

« 225 million tons municipal waste generated in 2019
> 24% landfilled (2017) = 54 million tons

» Assume 50% landfilled untreated of which 50% organic waste = 13.5
million tons CO,, (as Methane)

mwe
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The Potential is Huge

* Obligation to separately collect biowaste or treat at
source is almost here (end 2023)

« Technology is available
* Implementation is the next step

« Don't forget about food waste from HORECA

— The 88 tons of food waste also come from supermarkets,
restaurants, catering, hospitals which are not included in the
separate collection obligation nor in the landfill reduction target

* Municipal Waste is LESS THAN 10% of total waste.
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Importantly

* AD is a Local solution to a Local problem
* Low cost, financially viable solution

« Recognised as a sustainable investment giving
access to funding

mwe
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www.municipalwasteeurope.eu

SINCE 2009
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HBT-
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Evaluation and reduction of methane
emissions from different European biogas
plant concepts

(2018-2021)

~

Measurement of methane emissions
from different technologies’

™

36 biogas plants
investigated

Voluntary systems &
operator workshops
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@Ku Potential methane (CH,) emission sources at biogas plants

HBT-

Substrate receiving &

storage

Biogas production

Biogas utilization

Storage/mixing/hydrolysis

» Open/not-gastight tanks
« Ventilation air (after bio-filter)

Digestion/biogas storage

(Bio-waste)
receiving/processing halls

+ Ventilation air (after bio-filter)

+ Membrane diffusion through
foil roofs

CHP

Digestate storage
+ Open/not-gastight storage

* Membrane diffusion through
foil roofs

* Post-treatment

« Off-gas/methane slip

Biogas upgrading

« Off-gas/methane slip

OTNOC

OTNOC

» Leakages

« Activation of pressure relief
valves

» Digester openings

» Leakages
» Flaring

CHP: combined heat and power, OTNOC: other than normal operating conditions

@Dl o0
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Measuring methane (CH,) losses

HBF On-site approach "

1. Leak detection

— Component emissions
— Deduction of emission reduction measures

SFLIRg
Abst = 1.0 Trefl = 20.0 € =0.95

2. Emission mass flow

g L
Ventilationair ~ Membrane
after bio-filter ~ diffusion

Leakage

e

CHP: combined heat and power, BUU: biogas upgradirAiAg unit

60 28.10.2021




Measuring methane (CH,) losses
HBF Remote sensing approach

Inverse dispersion modelling method (IDMM)

.‘".\ / N _ ) \
4 Biogas planE .

Measurement of methane concentration Meteorological Dispersion model
measurements

60 28.10.2021




Measuring methane (CH,) losses

HBF Remote sensing approach

Tracer gas dispersion method (TDM) 14

Controlled release of tracer gas

Gas concentrations measurements (methane, tracer gas)

m 28.10.2021




Results on-site approach

HBF Number of leakages

* Digesters &

gastight digestate storage tanks

Study Country Number of Number of Tanks with
biogas plants investigated tanks* 21 leak

EVEmMBI AT, CH, 33 48 double membrane 44%
DE 13 single membrane 15%
26 concrete roof 35%
Clemens et al. (2014)> DE Not specified | 202 double membrane n.s.
(n.s.) 35 single membrane n.s.
25 n.s. n.s.
Sax et al. (2013)° CH 12 9 double membrane 33%
9 single membrane 11%
3 concrete roof 67%
Schreier et al. (2011)” DE 10 21 double membrane 38%
10 single membrane 50%

@Dl o0
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Results on-site approach

HBF Number of leakages
N

Study Country | Number of Number of Tanks with

biogas plants investigated tanks* 21 leak * 1
Freme B s Air-inflated double membrane dome |
26 concrete roof 35% . . T 1
Clemens et al. (2014)5 DE Nul(snpzc;ﬁad 202 double membrane n.s. Membrane leatIon - | I I
- 35 single membrane ns.
N T RN B £ ==y o Wire to adjust agitators 1 |
9 single membrane 1%
Schreier et al. (2011)7 DE 10 ;c::z::j:e::l:rane :;: Concrete Wa”/rOOf ] | E
10 single membrane 50% .
Pressure relief valve 1 || E
Gas pipes 7
Agitator 1

Pipe leadthrough
Bull's eye -
Overflow

Single membrane -
Double membrane dome
: ~ Concrete roof digester

+ Single membrane dome

D Not specified

dlll

Feeding unit for solids 1

Inspection manhole

R

Cable pull gas filling level

20 40 60 80 100 120 140 160
Number of leaks

o

* >1 L CH,/(m?*d*bar) or >0.1vol% CH,

m 28.10.2021




Results on-site approach

Technology specific CH, losses

Not-gastight hydrolysis & mixing tank
Receiving hall & mixing tank
Receiving hall & storage tank
Not-gastight mixing tank
Not-gastight storage tank (

Receiving hall

Screw conveyor

Not-gastight storage tank
Double membrane dome

Concrete digester
Double membrane dome

N= ON
w
~—

(
(
(
(

CHP, pilot injection
BUU, water scrubbing
BUU, PSA

CHP, gas engine (

BUU, membrane

BUU, exhaust treamtent
BUU, chemical scrubbing
CHP, exhaust treamtent

I n ol

BUU, processing room
Biogas analysis instrument
Gas handling

CHP, processing room (

Ns-S>5>S S35 I S53535

BUU, processing room (
Biogas analysis instrument
CHP, processing room

Hil—= =11nli

w_EH (v =T 4

N O—_~= OW—_h NOWPLPOWWOO —
R T L 2 e et et

Ventilation air (n=

{11

o__l_
—

Sources: 820, Klimoneff, EVEmBI
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Methane loss [% of produced/utlized methane]

Substrate receiving
& storage

Biogas production

Biogas production
(leaks)

Biogas utilization
(methane slip)

Biogas utilization
(ventilation air) BUU: biogas

upgrading unit,
CHP: combined
heat and power

Biogas utilization
(leaks)

Miscellaneous
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Results on-site approach

Technology specific CH, losses

Not-gastight hydrolysis & mixing tank
Receiving hall & mixing tank
Receiving hall & storage tank
Not-gastight mixing tank
Not-gastight storage tank (

Receiving hall

Screw conveyor

Not-gastight storage tank
Double membrane dome

Concrete digester
Double membrane dome

(
(
(
(

CHP, pilot injection
BUU, water scrubbing

CHP, gas engine (

BUU, membrane

BUU, exhaust treamtent
BUU, chemical scrubbing
CHP, exhaust treamtent

BUU, processing room
Biogas analysis instrument
Gas handling

CHP, processing room (

BUU, processing room (
Biogas analysis instrument
CHP, processing room

(
(
(
(
n
(
(
n
n
n
n
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n
(
(
(
(
(
(
(
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(
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Sources: 820, Klimoneff, EVEmBI
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Biogas utilization
(methane slip)

Biogas utilization
(ventilation air) BUU: biogas

upgrading unit,
CHP: combined
heat and power

Biogas utilization
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Results remote sensing approach

HBF CH, losses from full-scale plants

no/unknown leaks leaks detected
Methane loss:

0.2(£0.1)% - 11.3(£2.8)%

E gastight digestate storage

(7}
c
@©
=
of methane pl’OdUCtiOﬂ g 10 E not-gastight digestate storage
3 |
w3 ] ° @
S3 8
:
£G 671 -
L) @
= . o
4- 1§ ° J
@
I
BTO (best technology option): 2 %% Og ’
» BUU (chemical scrubbing) —— o®
» BUU/CHP + exhaust gas treatment ;t

u_/ T T | |
BTO/ BTO/

off-site other off-site other
Sources: 21-22, Klimoneff MetHarmo, UTE B.,

QuantiSchluMBF, EvEmBi Biogas utilization
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@Kll Conclusions

HBF Recommendations for the reduction of CH, emissions

o Choice of best technology options (for newly constructed biogas plants)

+ gas-tight construction of tanks (hydrolysis/mixing, digestate storage)
* biogas upgrading:
— So far, chemical scrubbing or exhaust gas treatment have shown the lowest CH,
emissions.

— Measurements are necessary for newly installed membrane separation units.

o Plant operation: preventing/minimizing OTNOC (other than normal operating
conditions)

 reqular leak detection (self- and external inspection)

 gas storage - pressure relief valves (accurate measurement of filling level,
adjustment of operational parameters - i.e. target value for filling level = 50%)
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@Ku Emission reduction and cost-benefit

HBF Results EvEmBI project

Net present costs Evaluatior:\

CH, loss . .
Emission
e ae (before )
Mitigation measure reduction
measure) [%]
[%]' ’
1. Maintenance of 0€
CHP unit after 3.2 349 (covered by
malfunction maintenance contract)
0€
2. Chemical bber:
emica scru. er 0.1 454 (covered by
exchange of amine .
maintenance contract)
3. Exchange of leaking 15.000 € (material &
i b f construction costs)
||Tn?r membrane o 0.7 99.7
air-inflated double + costs of lost biogas
membrane dome production?
4. Gastight f
ASHghE cover o 13 98.5 90.000 €

digestate storage tank

Tin % of produced/utilized methane

2 By emptying the digester, 1/3 of the biogas production is lost over a period of 3 months.

CHP: combined heat and power, NPV = net present value;

+++

+++

++/+++4

++

Assumptions:

Economic lifetime: 10 years
Interest rate: 2 %

CO, equivalents (CO,,,) of CH,: 28

Emission trading course: 40 €/t CO,*?

NPV A, B < 0 (+)
NPV A <0 < NPV B (++)
NPV A, B>0(+++)

~.

+++, in case measure is implemented during next scheduled

revision/emptying of the digester

@Dl o0

28.10.2021



Results on-site approach

HBF Component emissions

Methane slip CHP units: 1.6 % (median)
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QD SeekOps

Drone-deployed Methane
Emissions Detection &
Quantification — a Case Study

Michael Sutcliffe - Business Development Director, Europe

QD SeekOps



SeekOps: Methane Leak Detection and Quantification (LDAQ™)

DETECTION

SeekOps sensors can be deployed through
our complete aerial solution or on the ground
while correctly detecting 100% of leaks 100%

of the time without false positives.

LOCATION

At the first sign of an emissions detection,
the exact locations of the leaks are rapidly
localized and our software provides

comprehensive emissions data to triage

repair activities.

QUANTIFICATION

Our analytics engine provides accurate
measurement of emissions rates to prioritize

operational repair planning.

QD SeekOps




Technology: Unique, Field-Proven

SeeklIR®Laser Spectrometer: designed for industrial applications

» Tunable Diode Laser - Open Cavity
» Ruggedised

» High Sensitivity - PPB

» Methane detection limit: 0.1 kg/hour

Detector

» Drone Agnostic & Lightweight < 600g

» Self-Contained Power/Communications
» Low Power (< 2W)
» Actionable Reporting

> Automation

> Field-Proven, Repeatable & Consistent Workflows Calimatiag Ot



Technology: Immediate On-Site Feedback

»Ground Control Station
»Methane concentration | - —
» Satellite base map }
»Wind speed and direction

17
700 Ch X ©2021 Google - Imagery ©2021 CAPCOG, Maxar Technologies
D I & CH4 Value
»Drone telemetry v616pom

Standard Dev
0.294 ppm
Lidar Height

2.68 m

»Equipment status lights |

20210823_64645

»On site flight planning

»Waypoint file upload




Drone Flight Plans for Biogas Facility LEAK QUANTIFICATION

Wind Direction

/

VERTICAL RASTER
FLIGHT PATTERN

Emissions rates from

all detected sources

> Biodigester

» Effluent ponds

» Gas Processing
Infrastructure

QD SeekOps







Case Study: Biogas Facility - has high methane leak potential

Effluent Pond b Concrete Digester Dome Digester

FueI Source I ¢ | K [ ‘ " Gas Upgrade Station




Pilot Biogas Project

» Surveyed 8 Biodigester facilities and associate
gas upgrade stations:

» 5 concrete digesters & 3 metal dome digesters
» Capable of completing 3 to 4 digester sites/day:

» Automated / Repeatable - efficiency gains 5-10x

» Captured Hi-Res Map - comprehensive 3D Inspection
» Localisation & quantification of emission sources

» Sensor used as handheld device for component
level identification (removed OGI requirement) -
faulty components tagged for repair

»Used data gathered to develop actionable biogas
report — quantification of methane emissions




Actionable Biogas Reporting

»Project Overview

» Prioritise equipment from
highest emitters to lowest
emitters

» Site Emission Overview

» Provides an overview of
emissions on site by
area/equipment

»Emission Source Overview

> Pro_vic!es an overview of Where
emission sources were found in
each area

»Emission Source Figures

» High resolution image identifying
the emission sources identified

Table 1. Overview of Emission by Site

Emission Site % of Total Total Site
Rank Emissions Emissions (SCFH)

1 Digester 2 28% 3199
2 Digester 7 29% 2837
3 Digester 1 15% 1738
4 Digester 4 11% 1272
] Digester 5 10% 1129
6 Digester 6 7% 750
7 Digester 3 2% 251

8 Digester 8 1% 94

Total 11270

137 SCFH &=

Effluent
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Biogas Facility - Survey Results & Lessons Learnt

»Highly effective at rapid detection & quantification of wide
range of biodigester site emissions

»Digester zone localisation key to prompt repair action

»Leaks found in low oversight areas ==

» Mixers/open ports — not typically surveyed

» Equipment may not be sealing as designed

»Upgrader/Digester system leaks above slippage assigned
— typically 3%

»Measured leaks 5 times higher
» Cost impact of methane losses for some facilities:

»Over €3,000/day lost revenue




Key Benefits: SeekOps Drone-deployed Biogas Site Surveys

» Survey costs quickly recovered by
corrective actions identified

» Quantification of emissions reveal
extent of under/over reporting

»Rapid & cost-effective service for:
» Differentiated gas valuation
»Leak detection & quantification
»ESG reporting

»Carbon credit & offsetting
applications




GD SeekOps

Michael Sutcliffe
Business Development Director
Europe

Email: msutcliffe@seekops.com

Mob: +44 7799 408990
Web: www.seekops.com
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BREAKOUT SESSION: AN INTEGRATED APPROACH
TOWARDS METHANE EMISSIONS REDUCTIONS

Question & Answer Session

B . Bruno Sander Nielsen, Danish Biogas Association, Copa-Cogeca
u ro pean. Vanya Veras, Municipal Waste Europe
erence

» 26-27 October 2021

Viktoria Wechselberger, BOKU Vienna

Michael Sutcliffe, SeekOps



BREAKOUT SESSION: DRIVING
INNOVATION

Moderated by TV & Radio presenter Sasha Twining

Marieke Verbeke, Systemic EU project

U ro p\ean. Francesca Magnolo, Gent University

August Bonmati Blasi, IRTA

Ann-Kathrin van Laere, DiBiCoo EU Project

» 26-27 October 2021
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{ :* Horizon 2020

SYSTEMIC

Circular solutions for biowaste

Mainstreaming of demonstrated innovative
nutrient recovery and recycling systems in
EU biogas plants

27-10-2020
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SYSTEMIC  SYSTEMIC ends 30 November 2021

Continued transfer of knowledge, network - EU biogas plants?
“"Business Development Package”
https://systemicproject.eu/bdp/

BUSINESS DEVELOPMENT PACKAGE

The Business Development Package will help biogas plants explore the possibilities of recovering nutrients and water
from digestate by means of technology.

£ Wt B B &


https://systemicproject.eu/bdp/

Technologies and

mass balances

PXaEMIC NUTRICAS Tool .

21 pre-set NRR cascades for digestate

lon exchange
permeate
M‘DME)S&?]LIQUID (dischargeable)
M_DM_SEP_LIQUID ODM: 1 DM: 0.1
DM: 2.8 ODM: 0.1
Liquid fraction of ODM: 2.8
medium DM .
separation lon D'SCharg\ng‘eel
Digestate DM: 3.6 exchange
ODM: 3.6 lon exchange
column regeneration
Rev DM: 9.1 1 f
Reverse 1 SEplQUID Ly Configure the separator View fact sheet

DM: 7.1
ODM: 7.1
Polymer
_ — Digestate from "AD" 20
e other organic bi Column 85000 + |/ ton @® Add additive
n wasﬁ(sogw) regeneration ton/year Change
AD - . . ODM: 5.4
Separation Solid fraction of Mineral will result in output of
medium DM concentrate u

separation

DM: 14.3 L

e BEDCY . E—
Sludge Membrane filtration Solid fraction
from 74796 ton/year 10196 ton/year

- membrane
. SDl!d filtration

Cancel Confirm

The NUTRICAS Manual contains the most recent description of the calculation models and assumptions that are used in the NUTRICAS Tool.

0 THE NUTRICAS MANUAL AND TOOL DESCRIPTION

SYSTEMIC DATABASE

This excel file contains
recovery rates for NH3 stripping-scrubbing, evaporation, drying, membrane filtration,...




Technologies and

mass balances

sysTEMIC NUTRICAS Tool: Link with other technologies ®

o190
o
X
| Current status Future?
Configure the separator View fact sheete
Technology
Decanter Centrifuge e Decanter Centrifuge h
Decanter Centrifuge ‘ Decanter Centrifuge
Belt Press GEA Environmental Decanter
Screw Press . -,
Pieralisi Magnum
Default models Belt Press
Screw Press
or

+ specific company models

Configure N stripper-scrubbing technology View fact sheete

o R ) CO2 stripping to pH 8.8, 65°C, 80% of NH4-N stripped

CO2 stripping to pH 8.8, 65°C, 80% of NH4-N strippec
Technology = . ) CO2 stripping to pH 8.8, 65°C, 80% of NH4-N stripped

CO2 stripping to pH 8.8, 65°C, 80% of NH4-N stripped

] R ] AMFER (Colsen)
No pH increase, 50°C, 50% of NH4-N stripped AECO-NAR (Nijhuis Industries)
Valu-TRAC (Cooperl)
Default models

No pH increase, 50°C, 50% of NH4-N stripped



Technologies and
mass balances

SYSTEMIC Technologies and mass balances ._E

ooooooooooooooooooooooo

NUTRICAS Tool

for exploration and inspiration on technologies for nutrient recovery

PROCESS SCHEMES OF DEMONSTRATION PLANTS
FACT SHEETS OF THE DEMONSTRATION PLANTS

SANKEY DIAGRAMS MASS- AND NUTRIENT BALANCES FROM DEMO PLANTS

BIOGAS PLANT DISCUSSIONS ON TECHNOLOGIES
WEBINAR ON THE USE OF POLYMERS FOR OPTIMIZATION OF DIGESTATE SEPARATION

REPORT: SCHEMES AND SCENARIOS FOR TECHNOLOGIES OF NUTRIENT RECOVERY

Per technology, estimations are given for
separation efficiency and recovery rate




Business case

Business case and economical KPI's

KPI's

sysTEmMmIc Key performance indicator Tool

Circular solutions for biowaste

Economic Key Performance Indicators can help to understand how an organisation is performing. KPI's are quantifiable and KPI's are quantifiable and are understood

as a pillar of the biogas plants’ performance management system. They can be associated with targets which the organisations should set and pursue and aim at

quantifying their achievement.

Raw feed cost / revenue

ENErgy Crops oo B5000 FEVEMUE

20000 revenue

TOTAL RAW FEED COST User gives this information on their
business case

pig slurry

Disposal or usage of end products
prod | n own land poarly disposa (which we can (anonymously) store
solid fraction centrifuge 8500 ton f year €/ tan ton fyear - € 2,255 fyear cost in OUf' database)

mineral concentrate reversed osmosis 20335 ton f year £/ ton ton fyear € 20335/ year revenue

TOTAL DISPOSAL REVEMUE € 18000 / year revenus

Energy balance

feed-in electricity MWhiyear € year
electricity used on-site MWhfyear € S year
Green certificates Mwhiyear € / year
Heat certificates MWWhiyear € / year

TOTAL EMERGY REVEMUE

Other certificates MwWhiyear € /year

Feed-in biomethane
Bio-LMG/CMG

TOTAL BIOMETHANE ENERGY COST € 4000 f year




000 0 00

Feedstock

end products

End result: KPIl overview

EBITA margin C

EBIT margin O

Substrate gross financial

productivity O

Your KPI

45%

€ EBITA / € revenues in %

73%

£ EBIT / € revenues in %

€4 /1ton

£ [ ton feedstock

You vs others

you
-
v
lowest Righest
1% 78%

you

-:: )
s i

lowest highest
20% TT%

you

-"

v i

lowest nighest
£1 £ B0

energy production investment cost

Median values

41%

12%

€ 53.38

operational costs

end result

SUMMary view detailed view

Plants of the same size

(n=5)

41%

12%

€ 53.38

improvement opportunity

O critical point



Business case
and economical
KPI's

SYSTEMIC

Circular solutions for biowaste

Business case and economical KPI's

KPI Calculation Tool

this tool will calcultate the KPI's for your biogas plant’'s business case

PRACTICAL INFORMATION

PRESENTATION ON ATRIA BIOGAS PLANT (FI) WITH LBG PRODUCTION AS MAIN REVENUE - 2021

BROCHURE: HOW BEST PREPARE FOR A LOAN APPLICATION FOR NRR TECHNOLOGIES ON DIGESTATE?

REPORT: DEVELOPMENT AND APPLICATION OF ECONOMIC KEY PERFORMANCE INDICATORS (KPIS)

This report gives and overview of the developped commercial key performance indicators (kpIs) for biogas plants and their application to the

Demonstration Plants.

REPORT: BUSINESS CASE EVALUATION OF THE DEMO PLANTS

The five demonstration plants operate according to individual business models and policies within determined regulatory and economic frameworks.
The report evaluates the factors that make the difference between a viable and non-viable AD+NRR business in the states where the demonstration

plants are located.




SYSTEMIC

Circular solutions for biowaste

Legislation

CONTACT POINTS FOR LEGISLATIVE ASPECTS

Europe

o

Austria

Belgium

REPORT: REGULATIONS GOVERNING ANAEROBIC DIGESTION AND NUTRIENT RECOVERY IN EU MEMBER STATES

This deliverable in the framework of the SYSTEMIC project in 2019 provides an overview of the current European Policies which are followed by European

Regulations that must be enforced by all Member States.

European Directives which must be adopted by Member States but not literally. Directives typically stipulate a target but leave room for selecting the strategy

and pathway by the Member State.

Therefore, comprehensive legislative information is given for the countries with demonstration plants and outreach plants.

NUTRI2CYCLE REPORT: EFFECTS OF THE CURRENT LEGAL FRAMEWORK ON CNP IN MAIN FARMING SYSTEMS IN
EUROPE

This deliverable in the framework of the NutrizCycle project in 2021 provides an update of the SYSTEMIC report and focusses more on the legal framework on
CNP flows in place in EU agriculture and includes animal husbandry and plant production. The report considers carbon, nitrogen and phosphorus in European

and national legislation.

Legislation




Recovered

(nutrient)

) Recovered (nutrient) products =5
SYSTEMIC

Circular solutions for biowaste

PRODUCT FACT SHEETS FOR FARMERS

The product fact sheets for farmers provide extra information on the product composition and how the

products should be practically applied in an environmental friendly way:.

PRODUCT FACT SHEETS

Ammonium nitrate Ammonium sulphate Ammonium solution Mineral concentrate Liquid fraction

solution solution digestate
’ - (S] e N

SYSTIMIC __ Condensated ammentun water




Market and

business models

Market and business models
SYSTEMIC

Circular solutions for biowaste

SYSTEMIC SYSTEMIC SYSTEMIC

Recovery of nutrients and Recovery of nutrients and Recovery of nutrients and
resources from digestate resources from digestate resources from digestate
2021 2021 2021
User preferences for Tips for setting upa  Success Stories
digestate derived products market strategy

SYSTEMIC SYSTEMIC SYSTEMIC

SYSTEMIC SYSTEMIC SYSTEMIC

Recovery of nutrients and

Recovery of nutrients and
resources from digestate

resources from dig(-smlv

Recovery of nutrients and
resources from digestate

Recovery of nutrients and
resources from digestate

Recovery of nutrients and
resources from digestate

Recovery of nutrients and
resources from digestate

2021 2021 2021 2021 2021 2021

Digestate derived
gardening and
horticulture products

Nutrient source Applications in chemical Ammonia as DeNOx
biological WWT industry reductans

Fertilisers with tailor-made Recovered nutrient fertilisers for

nutrient content organic farming

REPORT: MARKET RESEARCH IN EUROPE

This report describes
the needs for recovered nutrients and NRR technologies in different regions in Europe

REPORT:BUSINESS MODEL DEVELOPMENT AND APPLICATION TO THE DEMONSTRATION PLANTS

This report exhibits the opportunities and threats of certain business models (based on the evaluation of the demonstration plants) with regard to determined

regulatory and commercial frameworks. It serves as a guideline for stakeholder for the preliminary, quick evaluation of projects.
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Outreach and contact

jeic, & SUMMARIES OF LIVING LAB MEETINGS

Nporwegeﬁ Finland/

/ " DISSEMINATION TOOLS FOR BIOGAS PLANTS

{ »
i Oosizee Es“and
G ) " .
Letla\? Information sheets for farmers, citizens and policy makers
Noardzee 1 0" \
Verenigd Denemarken Litouwen:™ 1’”“1 Plant video's
N Koninkrijk P——— Bl ) ‘ ‘ ‘
C~\ .‘ i Educational presentations
= d gl Polen ~ Wit-Ruslan
L .,fn?:, Esnencit | I Warsehau - et il list of key publications
&2 "" I . },j.i_l avska Kuil
B ' oz Trebova ®
Emor s ude " S | o pa——
weew | Parifs FESGLL o) slechid’ s el
® . - Slowakije . Oek
e o ten < / 7N ‘\"'7‘M‘o_ld5v5é
Frankriik / B =t=ai Boiana ongarije
rankrij “ ke o] Roemenié e REPORT: APPLICATION OF BUSINESS DEVELOPMENT PACKAGE TO
" , aKqua s soh Kroatié q \ Yg? OUTREACH LOCATIONS
~3 . “ /}1307\'55\5'-‘- - In the last part of the SYSTEMIC project, the BDP will be implemented all cutreach locations. It will
“ 801 # X Italié N J_ .... e sam, include information on their current business case, regional market for their current digestate
Portugal Madrid piome ‘ ¥ . o derived products and bottlenecks in digestate treatment and disposal. After application of the
{ @ Tyrreense Zee P Istanboel BDP, it will be able to describe different scenarios for NRR implementation and their feasibility and
Griekenland

Lissabon.  Spanje , , ,
@ estimated impact on the current business case.



Technologies and

mass balances

O SYSTEMIC Tools:

syYsTEMIC Link possible with other projects . :

Bio-based recovery Toolset (9) Marieke Verbeke

O ur tOO | S Application end products of

different cascades

Below you'll find a list of all our available tools, each with their own specific purpose. They are all at your disposal under the Systemic Tools toolset

Other tool Other tool

NUTRICAS KPI Tool
Specific mass

What does it do? What does it do? What does it do? What does it do? balances and cost

Calculation tool for mass balance Calculation tool for mass balance Calculation tool for mass balance Calculation tool for mass balance

calculation and cost estimation for calculation and cost estimation for calculation and cost estimation for calculation and cost estimation for €Stlmat10n Of
technology cascades to recover nutrients, technology cascades to recover nutrients, technology cascades to recover nutrients, technology cascades to recover nutrients, . .
organic matter and water from your organic matter and water from your organic matter and water from your organic matter and water from your - N Str[pp[ng
digestate digestate digestate digestate

Why would | use this? Why would | use this? Why would | use this? Why would I use this? g

It will give you a cost estimate as well as a It will give you a cost estimate as well as a It will give you a cost estimate as well as a It will give you a cost estimate as well as a manure

full product breakdown in a sankey diagram full product breakdown in a sankey diagram full product breakdown in a sankey diagram full product breakdown in a sankey diagram

for the selected cascade. for the selected cascade. for the selected cascade. for the selected cascade. (Detrlcon)

-  Membrane
LAUNCH LAUNCH LAUNCH LAUNCH filtration and
&) systEmIC @ sysTEMIC ) Nitroman RO
(Strocon)
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* Questions?

Projectmember H2020-project SYSTEMIC ‘g.‘.-
Mobile phone +32 (0)472 86 55 26 A e VC m
marieke.verbeke@vcm-mestverwerking.be

Viaams Codrdinatiecentrum Mestverwerking

Partner in the project SYSTEMIC
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http://www.iclfertilizers.com/fertilizers/amfert/




v %EBA @

u
Ag Re I n e European Biogas Association c I B

BIOGAS

/\

Biogasdoneright™ and the biomethane potential of
sequential cropping in Europe

Francesca Magnolo

PhD student at Gent University, Department of Agricultural Economics
Early Stage Researcher (ESR14) AgRefine ETN

V//

GHENT

UNIVERSITY
- Thiz project has received funding from the Evropean Union's Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant agreement No B&60477



AgRefin:‘ (8‘ EBA . C?B

BIOGAS

About AgRefine - European Training Network

e 15 PhD students working on interdisciplinary bioeconomy projects on
AD and advanced biorefinery systems

* 6 months in 2 partner organizations

My project:

Sustainable business models in the BE: territorial biorefineries and
organizational and economic challenges of local feedstock integration

Secondment: EBA
“The role of sequential cropping and Biogasdoneright™ in
. AZTrOnomy  enhancing the sustainability of agricultural systems in Europe”
snopensscessiunelty fee £ Magnolo, H. Dekker, M. Decorte, G. Bezzi, L. Rossi, E. Meers, S.
Speelman

"
07U reemica goveer T o wasenincen @B paNmy tbw)
““ g::;:g{ty of {-.“;Té\LERSITAT GHENT UNIVERSITY & RESEARCH & MARINE RESERRCHSTATION  RESEARCH
> - UNIVERSITY <>,

ces j ! Comhairle Contae Thiobraid Arann
sl Avecom .' o | ( Tigperary County Council
- s SOLUTIONS FOR GREES ENERGY 1
£ 35?,:_( ] CERTH SOLUTIONS Bioproducts & Apps e~

ff;?‘ CENTRE FOR RESEARCH & TECHNOLOGY HELLAS /_\ 1
(FOEEA.. & Innolab €3 enviroeye GHENT

UNIVERSITY
- Thiz project has received funding from the Evropean Union's Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant agreement No B&60477
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Biogasdoneright systems and sequential crops

| Why are these systems attractive?

Biomethane to I Electricity to . : .
the grid thegrid Adaptation of agricultural systems to provide food,

DED é ’? z a1 materials and sustainable bioenergy
Conservative use of natural resources, lowering
Animal AD system emissions, safeguarding biodiversity
waste
L .
Y Circular use of resources
/m Biogas -

feedstock

\\l//
//l\\

Digestate/ Production of bioenergy and bio-based products with
Feed \ XX biofertilizer no interference with food production (no ILUC)
NN
YW > Hi
; g / WNIN Equitable participation to bioeconomy value chains:
A e R AU farmers not only as raw material producers

NN _

Carbon sequestration i
GHENT

UNIVERSITY
Thiz project has received funding from the Euvropean Union’s Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant agreement Mo B60477
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Sequential crops in a changing climate

Projected changes in annual mean temperature (left) and annual precipitation (right)

« IO [ %
[N
l’"’ n;’ & bf) '&0‘0 (96) '<.°‘° 7 ° (9\600 P-Q D ,'\9 N o‘) "‘) o LAY D oD
WO a0 PP ‘9\9 B & ey 00 0 0 ® T O T
¥ S I S

EEA (2016) - Projected changes in annual mean temperature (left) and annual
precipitation (right) or 2071-2100, compared to 1971-2000

- Thiz project has received funding from the Evropean Union's Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant agreement No B&60477

European Biogas Association

&EBA o

CONSORZIO ITALIAND

:G Duration of the thermal growing season is
B increasing (frost-free season extending)

0, .
}"‘;@ Winter crops cycle become shorter

Wi,
A -

-@: “Mediterraneization” process

s

The time window available to grow a
sequential crop will tend to increase

Sequential cropping could be designed
and managed to improve crop
production and provide important
ecosystem services

_
L]

GHENT
UNIVERSITY
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BIOGAS
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Aim of our work

How can sequential cropping be applied in other
regions of Europe?
What would be the biomethane potential?

Develop exemplary cropping calendars for
different EU climate regions

Mediterranean

.“* i

I Atlantic

.- s Continental

I Boreal

Evaluate the biomethane potential from the
AD of the sequential crops across different
agroclimatic conditions.

_
L]

GHENT
UNIVERSITY

- Thiz project has received funding from the Evropean Union's Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant agreement No B&60477
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Methodology

4
Biomethane potential

3 estimation
Development of sequential
crop rotation calendars for
each region

2
Inventory of suitable
sequential crops for each
region (biomass and
biogas yields)

1
Identification of
exemplary classic crop
rotation calendars

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skiodowsko-Curie grant ogreement No 8560477
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.,/ European Biogas Association

S CiB
BIOGAS
Scenarios
Land suitable to sequential cropping
(% primary crop land)

Conservative Scenario
20%

Y. hectares summer crops

tot hectares primary crops

C&D Account for the water limitation

in the Mediterranean region

@ Crops for which the practice of SC
is commonly practiced

§= Leave free irrigated land and
improve water use efficiency

Maximum Scenario
80%

Theoretical maximum
potential, excluding
marginal and small fields

~\w?/~ SC would be practiced on
" 60-70% of the total

arable land in EU

)

GHENT
UNIVERSITY
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Classic rotation calendars and sequential crops inventory

CLASSIC ROTATION
CROP CALENDARS Agricultural Year 1 Agricultural Year 2 Agricultural Year 3 Agricultural Year 4
Sep| Oct NoviDecllan|Feb|Mar|Apr|May|Jun|Ju| |Aug|5ep|OctNov{DedJan|Feb|Mar|Apr|May|Jun|JuI |Aug|Sep|Oct Nov|Dec|Jan|Feb|Mar|Apr|May|Jun|JuI |Aug|$ep|0ct Nov|Dec|Jan|Feb|Mar|AprhVIay{Jun|JuI|Aug|Sep|Oct
Mediterranean (North) | WINTER CEREAL (Wheat/Barley) | | SPRING CROP | WINTER CEREAL (Wheat/Barley) | | WINTER CEREAL (Wheat/Barley) |
Mediterranean (South) | WINTER CEREAL (Durum Wheat) | |  Legumes / Horticultural | WINTER CEREAL (Durum Wheat)| | WINTER CEREAL (Durum Wheat) |
Atlantic | WINTER CEREAL (Wheat/Barley) | | SPRING CROP WINTER CEREAL (Wheat/Barley) | |  WINTER CEREAL (Wheat/Barley) |
Continental | WINTER CEREAL (Wheat/Barley) | | SPRING CROP WINTER CEREAL (Wheat/Barley) | | WINTER CEREAL (Wheat/Barley) |
_ WINTER CEREAL (Wheat/Barley) | | SPRING CROP | WINTER CEREAL (Wheat/Barley) |
Seeding - early vegetative Agri4cast database
Growing

Ripening - Harvesting

Mediterranean: maize, triticale, barley, sorghum, legume cover crops

B Atlantic: sorghum, maize, oats, triticale, barley

)

Continental: maize, green rye, sorghum, ryegrass
T

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skiodowsko-Curie grant ogreement No 8560477
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Sequential crop rotation calendars

P,

SEBA

.,/ European Biogas Association

-
CIB

\J CONSORZIO I,

BIOGAS

CROP CALENDARS

SEQUENTIAL CROPPING

Agricultural Year 1

Agricultural Year 2

Agricultural Year 3

Agricultural Year 4

Sep | Oct Nov{ Decllan| Feb|Mar|Apr|May|Jun |Ju| |Aug|Sep| Oct

Novbecljan|Feb|Ma r|Apr |May|Jun |Ju| IAug|Sep|Oct

Nov|Dec|Jan|Feb|Mar|Apr|May|Jun|Ju| |Aug|Sep|Oct

Nov| Dec|Jan |Feb|Mar|Apr|May{Jun |Ju| IAugISep| Oct

Mediterranean (North)

WINTER CEREAL

| SORGHUM | TRITICALE/WINTER CEREAL | SPRING CROP

TRITICALE/WINTER CEREAL | SPRING CROP |

WINTER CEREAL | SORGHUM |

Mediterranean (South)

WINTER CEREAL |

| TRITICALE/WINTER CEREAL |

| LEGUMES/HORTI CULTURAL|

| SUNFLOWER/HEMP | TRITICALE/WINTER CEREAL |

]

OATS/TRITICALE/BARLEY |

Atlantic OATS/TRITICALE/BARLEY | sPRING crOP | | SPRINGCROP |  OATS/TRITICALE/BARLEY | |
Atlantic WINTER WHEAT/BARLEY | SPRING CROP | | SPRING CROP | OATS/TRITICALE/BARLEY | | WINTER WHEAT/BARLEY | SPRING CROP |
Continental | WINTER CEREAL | | GREENRYE(EARLYHARVEST) |  SPRING CROP Catch Crop SPRING CROP | WINTER CEREAL ||
Continental | WINTER CEREAL | | GREENRYE (EARLY HARVEST) | MAIZE (RYEGRASS US) RYEGRASS | WINTER CEREAL | |
Food/feed crop
Sequential crop
* Established sequential cropping cycles in the Mediterranean region
* In the Atlantic and Continental regions where cycles are longer: three crops in two years and intercropping
—
JLLITITN
GHENT
UNIVERSITY

-This project has received funding from the European Union's Horizon 2020 research and innovation programme vnder the Marie Sklodowska-Curie grant agreement No B60477
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BIOGAS
Biomethane potential
Conservative Maximum
O0O000 O0OO0O0OD0O0O0O0 00000 O0000 00000 00000
Potential BioCHa (bcm/yr) Suitable land (ha) Potential BioCH4 (bcm/yr) Suitable land (ha)
2,651,058 37.9 10,604,232
i . P : 48% of arable land
Mediterranean 9.9 (12% of arable land) (48% )
. 3,943,126 15,772,504
Atlantic 10.2 (15% of arable land) 42.5 (59% of arable land)
_ 8,945,212 35,780,848
Continental 25.8 (17% of arable land) 104.9 (69% of arable land)
7 Continental region highest potential in both scenarios (highest ha of suitable land)
J/ Mediterranean region lower potential (least ha of suitable land). In the conservative scenario, this accounts for =2.6 million hectares, corresponding to
about 30% of the total irrigated land in the region (= 9,6 million hectares)
6%s
<P In the Mediterranean region the summer sequential crops that would need irrigation would only take 13% of the irrigated land
In the Atlantic and Continental regions, the suitable land for sequential cropping in the two scenarios exceeds the hectares available for irrigated land o
[
GHENT
UNIVERSITY

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skiodowsko-Curie grant ogreement No 8560477
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Biomethane potential

Total European BioCH4 (bcm/yr) potential

Conservative Maximum

46 185.4

Tot land for sequential cropping/ tot arable land in EU = 15% suitable land in a conservative scenario

E Comparable to the estimated potential of Navigant (2019) — Tot EU biomethane potential:

NAVIGANT T

Sequential crops

Agricuttural residues

Food waste

Manure

Biodegradable
wiet waste

GHENT
UNIVERSITY

Sewage sludge

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skiodowsko-Curie grant ogreement No 8560477
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Sequential cropping in combination with BDR principles

Carbon sequestration and soil quality enhancement

Sequential cropping
Crop varieties with higher residue and root production
Minimum/no tillage
Return of digestate to the soil (solid and liquid fraction)
High-efficiency digestate distribution
No chemical fertilizers
Use of renewable energy

Biological carbon-capture and sequestration (BECCS) process

%

Result-based payment scheme
EU carbon farming initiative

Avoidance of emissions

Reduced use of chemical fertilizers
Optimized manure storage and by-products handling
Reduced use of fossil resources

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skiodowsko-Curie grant ogreement No 8560477

—_

(&)

Predicted
- 30% emissions for the Italian
agricultural sector

J

.,/ European Biogas Association c I B

Q

Quantification of
carbon sequestration
effects and emissions

reduction in other

climatic regions @

Avoided ILUC
emissions of using
sequential cropping for
biogas production?

)

GHENT
UNIVERSITY
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European Biogas Association

CONSORZIO ITALIAND

Conclusions

LI

RN ®

Tailored solutions to different
agroclimatic conditions in EU can be
found in terms of crop management to
expand the application of sequential
cropping

Additional benefits of SC in terms of
carbon sequestration and soil fertility
when applied in circular systems such as
the BDR™ in Mediterranean case studies

e
&

Biomethane produced SC as essential
element for renewable gas production
and for achieving European
decarbonization targets, which manure,
agricultural residues and food waste
could not reach alone

SC in BDR™ systems could be
agronomically feasible for at least 15% of
arable land in EU, contributing to a more
sustainable, circular and optimized use of
biomass feedstock for the European
bioeconomy.

—_

GHENT
UNIVERSITY

Thiz project has received funding from the Evropean Union's Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant agreement No B&60477



Ag Refin: 63) EBA . @

BIOGAS
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Thank you for your attention!

francesca.magnolo@ugent.be

GHENT

-This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skiodowsko-Curie grant ogreement No 8560477
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Closing nutrient loops. Catch crops to
reduce nutrient losses and increase biogas
production by anaerobic co-digestion

August Bonmati, F. Camps, F. Domingo, A. Anton, V. Riau, L. Burgos

August Bonmati @
Institute of Agri-food Research and LY &
Technology (IRTA) & .

august.bonmati@irta.cat

Nutri2Cycle


mailto:august.bonmati@irta.cat

Objectives

» Anaerobic digestion optimization using

catch crops as co-substrates.

» Reduction of nitrogen leaching introducing

catch crops in the crop rotation.

AN Generalitat de Catalunya
S8 Government of Catalonia




Concept
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Livestock Farm Feed
Foode Prc?ducts
, (milk, meet)

Manure

Crop System Manure Management

Anaerobic
Digestion

Solid
Fraction ——p Compost

Catch
Crop

N

RN L

Crop

Digesta

Silage

Mechanica
| Separator

Digestat
e

AN Generalitat de Catalu

S Government of Cataloni




Livestock Farm Feed

Products

Fooder (milk, meet)

Manure

op System Manure Mzc
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Livestock Farm

» Dairy cow farm:

700 cows
* 6.614.106 kg/year of milk

A General

S Governrr




Livestock Farm

[FOOD | & | AGRICULTURE |
» Manure Management:
 Mechanical Separator
« Crop land fertilization (400 ha)
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Livestock Farm

[FOOD | & | AGRICULTURE _

» Manure Management:
 Mechanical Separator
« Crop land fertilization (400 ha)

A General
S Govern




Crop Rotation

Crop

Digestate



Crop Rotation
Catch Crops (ChCp)

Catch crops (ChCp) are grown between main crop with the primary
purpose of binding nutrients and hinder their leachate to groundwater

* Rapid establishment of the crop  * Tolerance to frost
« High growth at low temperatures -« Not leguminous
* Low management cost

Main Crop Catch Crop Main Crop

A Generalitat de Catalun
S8 Government of Catalonia




Crop Rotation

Main function of Catch Crops

APR MAY JUN JUL AUG SET OCT NOV DES JAN FEB MAR APR

Manure
fertilization

!

N release of
manure

N\

N consumption
of Maize

N

N consumptlon
I I I of ChCp I
Maize Maize ChCp ChCp
sowing harvest  sowing harvest

T

I Generalitat de Catalunya
¥, Government of Catalonia




IRTA Crop Rotation

[FOOD | & | AGRICULTURE _

Benefits of Catch Crops

 Avoid nitrates leaching into groundwater.

* Protects soil from erosion.

« Limits the proliferation of weeds.

* Promotes the biological activity of the soil and its fertility.
« Can be used as co-substrate of anaerobic digestion




IRTA Crop Rotation

[RESEARCH | & | TECHNOLOGY
[FOOD | & | AGRICULTURE _

Experimental site (Mas Badia, NE Catalonia)

» Rotation (3 years):

« Catch Crops: Black Oat, Ryegrass, Forage rape.
 Maize

« Catch Crops

* Maize

AN Generalitat de Cat
¥, Government of Catgg
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Crop Rotation

Experimental design

PRIMAVERA 2014 Sembra BLAT DE MORO
m 5 0 15 ;W % %0 B 4 & 0 5 6 65 0 75 %0 8 % % 100 M5 10 15 10 15 130 1% M0 M5 150 155 180
529 FQR1 FNDRL FDCIVR2 FDRESR2 FDCOLR3 FNDR3
10,50) FDRESRL FDCOLR1 FNDR2 FDRAIR2 FDCIVR3 FDRESR3
15,75 FDCIVRL FDRAIRL FDCOLR2 FQR2 FQR3 FD RAIR3
R1 Fertilitzacid digerit R2 R3
Fertilitzacid no digerit
Fertilitzacio quimica
TARDOR 2014
m 5 0 15 ;0 %5 30 F 4 & 0 55 6 65 0 75 0 & % % 100 5 10 15 10 15 130 1% 140 15 150 155 180
529 FQRL FNDR1 FDCIVR2 FDRESR2 FDCOLR3 FNDR3
10,50) FDRESRL FDCOLRL FNDR2 FDCIVR3 FDRESR3
15,75 FD CIVRL FDCOLR2 FQR2 FQR3
Rl |Sembra CIVADA cv. SAIA R2 R3
Sembra RAIGRAS cv. TRINOVA
|Sembra COLZA FARRATGERA cv. WILMA
Res

Treat.

Maize fertilization

Catch Crop

FDC
FDR
FDF
FDN

Digested manure
Digested manure
Digested manure
Digested manure

Black Oat
Ryegrass
Forage Rape




Crop Rotation

Bm
[FOOD [&]AGRICULTURE _

ChCp production

Black Oat
(DM/ha)

Avena strlgosa (5 5Tn DM/ha)

Forage Rape
Brassica napus (7,1 Tn DM/ha)

Ryegrass
Lolium multiflorum (6,5 Tn DM/ha)
EPR————— -

AN Generalitat de Catalunya
V: Government of Catalonia




|RTA Crop Rotation

_Bm
(FOOD | & | AGRICULTURE |

Nutrient extraction of ChCp

N P Cu

Treat. Maize fertilization

KgeN/ha KgP/ha gCu/ha

Digested manure Oat 45,0 180
FDR Digested manure Ryegrass 34,0 150
FDF Digested manure Forage Rape 26,0 170
FDN Digested manure - 19 88

AN Generalitat de Catalun
V: Government of Catalonia
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Manure Management

Anaerobic
Digestion

Solid

Fraction 3 Comp

Digestate

Mechanical
Separator




Manure management

Catch Crop
Ryegrass 6,35 211 185
Ryegrass g ace 4,01 204 177
Forage Rape 5,72 131 110
Forage Rape ¢ ace 3,98 127 108
_ Black Oat 6,29 173 153
il Go anment of Cateionia
Black Oat ¢ ace 3,67 168 148
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Manure management

80

Anaerobic biodegradability (%)

Ryegrass

Oilseed Rape

53
50 60
60 47
47
40 37
20 I
0

Black Oat

m Fresh mEnsiled

RYEGRASS FORAGE RAPE BLACK OAT
Fresh Ensiled Fresh Ensiled Fresh Ensiled
Methanogenic potential (LCH, kgSV d-) 19542 25515 301+8 424+27 | 2711212 39117
Methanogenic potential (LCH, kgDQO-") 152+1 162+10 1203 17211 13916 19419
Methanogenic potential (m3CH, t") 35+0 47+3 32+1 47+3 462 60+3
m3 CH, ha'! 460 603 793 1117 726 1048

AT Generalitat de Catalunya

S8 Government of Catalonia




Manure management

Continuous anaerobic essays
» CSTR Reactor

=\Volume: 6 L

» HRT: 40 days

= Co-substrate (ChCp): 10% w/w
» T2 Range: mesophilic (37 °C)

AN Generalitat de Catalunya
S8 Government of Catalonia




Manure management

Continuous anaerobic essays

---e--- Cow Manure + Ryegrass ——e— Cow manure 0.80 ---@--- Cow Manure + Oilseed Rape 0.80 ---@--- Cow Manure + Black Oat —e— Cow Manure

0,80 - = 0 = 5%
< 3 3
o ] ™
o [}
E 0,60 - Z e E 060 -
- H <t
X 5 5
2 i 2 040 2 040
£ 040 | g = =
= =] <]
g g £
S 3 020 3 020 -
B 0,20 - g g
=, ‘ @ e
g - 0,00 s
© = y T £ T
£ 0,00+ T T T ) 2 2 0 20 40 60 80 100 120
= 0 50 100 150 200 days

days

AD continuous essay: R1- Manure / R2 Manure + Ryegrass (10%)  AD continuous essay: R1- Manure / R2 Manure + Rapeseed (10%) AD continuous essay: R1- Manure / R2 Manure + Oat (10%)

Ryegrass Forage Black
Rape Oat

Manure m3CH, It ure 8,78 7,45 8,73
Manure + ChCp m3CH, /[t .. 12,57 10,94 12,91

Increase % 43 47 48

AN Generalitat de Catalunya
S8 Government of Catalonia




Assessment

[FOOD | & | AGRICULTURE _

> Environmental assessment fj\

» Energy assessment




|RTA Environmental assessment

[RESEARCH | & | TECHNOLOGY
[FOOD | & | AGRICULTURE _

Catch Crop production - Impacts of 1 ha de Ryegrass

100%
80%
60%
40%
20%

0

m Emissions  ® Produccio de llavors = Magquinaria

N

o
=

20% \{\Q’(’ . §°'\'0 . '290 ,2§\
0. (}\ er‘b \Q’ \Q’ <\\() 0 . S\\\G Q < Q>
& & & & NP 9 S N
& & & & F® S LA SR
& & e & &
s & & & 5 & & ¢
Q/ Q(b \\& <<0 O & Q P
NN S S
S @ S <
Q O <
RIS
¢ A C S
<0 Categories d'impacte @

2 Ryegrass

» Machinery use has the greatest impacts

I Generalitat de Catalunya
1Y, Government of Catalonia

T




Environmental assessment

[FOOD | & | AGRICULTURE |
Maize + ChCp (1ha) vs Maize (1ha)

= Blat de moroamb CC ~ m Blat de moro sense CC

» ChCp inclusion in the rotation reduces significantly
A Generalitat de Cataﬁ“lrophlcatlon

¥: Government of Catalonia




Environmental assessment

Biogas plant — CO, eq emissions 4 \)/

120,0 Reference vs Biogas Plant

3

5 80,0

S Reference situation

= 40,0 Biogas plant

((b]

S 00

2
-40,0

» Manure processing through the biogas plant reduces CO, emissions

AN Generalitat de Catalunya
S8 Government of Catalonia




Energy assessment

[FOOD | & | AGRICULTURE _

i 1\ A AN
N ey
I

Cultiu captador Planta Biogas
Consum energia vs Prodccio energia Produccio energia eléctrica

4.500.000
4.,000.000
3.500.000
2.000.000 3.000.000
2.500.000
1.500.000 2.000.000
1.500.000
1.000.000 1.000.000
500.000
500.000
0
100% Puri 85% Puri+ 15% Co- 85% Puri + 15% Cultius
0 substrats Captadors

Cultius Captadors Increment produccid biogas mPuri  WCo-substrats M Cultius Captadors

» ChCp produce 10 times more » Replacement of current co-
energy than the energy substrates by ChCp increases
Invested in their production biogas production by 24%

AN Generalitat de Catalunya
¥, Government of Catalonia




Conclusions

» ChCp in the climatic conditions tested produce 5,5 - 7,1 t,,,/ha and
extracts 88 - 154 kgN/ha.

» The biogas production of the ChCp essayed is between 500 - 1200
m3 CH, / ha.

» Its use as a co-substrate in the anaerobic digestion of cow manure
Increases biogas production 40 - 50%.

» Energy production is 10 times higher than the energy invested in its
production.

» ChCp inclusion in crop rotation allows to close nutrient
loop while producing renewable energy when using as
co-substrates in the anaerobic digestion of manure.

AN Generalitat de Catalunya
S8 Government of Catalonia




[FOOD | & | AGRICULTURE _

Thank you for your
attention

August Bonmati
Institute of Agri-food Research and
AN Generalitat de Catalunya TeChnO|Ogy (IRTA)

S8 Government of Catalonia . .
august.bonmatl@lrta.cat
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DiBiCoo ®
Digital global Biogas
Cooperation

European Biogas Conference 2021 R —
Ann-Kathrin van Laere w

Gesellschaft fur Internationale Zusammenarbeit (Gl2)

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant
agreement N° 857804. The sole responsibility for the content of this document lies with the authors. It does not necessarily reflect the
opinion of the EU.

Digital global
Biogas
Cooperation
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Key Project Facts
Programme, Coordination, Funding

01
02
O3
04
05

Programme

Duration

Consortium

Coordination

Funding

Horizon 2020 Programme - Societal Challenge -
Secure, Clean & Efficient Energy; Support tools to
facilitate export markets.

October 2019 - June 2022

13 members from 5 target countries and Europe:
biogas associations and think tanks on renewable
energy

DiBiCoo is coordinated by Deutsche Gesellschaft
fur Internationale Zusammenarbeit (Gl2).

The project has received funding from the EU's Horizon 2020
research and innovation programme under grant agreement
No 857804.

Digital global
Biogas
Cooperation

Y4



Key Project Facts —

Technology Importing and Exporting Countries
-
m—

Indonesia Argentina

Ethiopia Ghana

South Africa




Key Project Facts
Consortium

Deutsche Gesellschaft

fur Internationale

Zusammenarbeit (GIZ) GmbH
A& % European Biogas Association /

AUSTRIAN ENERGY AGENCY

I ﬂ Latvia University /& FBaiiaEkad d d
AN of Life Sciences —T l Ce a I S

\U) and Technologies

SELECTRA | o \L::2%

EES

WASTEWATER « BIOENERGY V|

kKompost
&biogas

verband

INSTITUTE FOR SUSTAINABLE ENERGY
AND ENVIRONMENTAL SOLUTIONS

RENEWABLE
ENERGIES

w Resilience
Development
Initiative

GreenCape @

Digital global
Biogas
Cooperation



DiBiCoo Project Objective

DiBiCoo is a cooperation project between biogas technology
exporting and importing countries, with the overall objective to
prepare markets in developing and emerging countries for the
uptake of sustainable biogas/biomethane technologies from
Europe.

J Digital global

/ ) Biogas

Cooperation



DIiBiCoo: a two-way collaboration project

Stakeholders
European biogas industry:

Who
participates?

manufacturers, technology

developers, equipment suppliers,

project developers

What is
DiBiCoo
about?

Key challenges
Decreasing market opportunities for
new biogas projects

Technologies,

Know-how,
Best practices

New
markets

Stakeholders

Project developers, Food- and
Agro-Industries, farmers, decision
makers, politicians
in Argentina, Ethiopia, Ghana,
Indonesia, South Africa

Key challenges

Supplying renewable energy &
managing bio-waste

of RE

[ We work & act together to facilitate the introduction of biogas technologies & increase the share }

How to achieve °

DiBiCoo's goals?

Info Exchange

133

Cooperation

Digital Platform

Demo Cases

Policy
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Biogas and Gasification
Matchmaking Plattform




Why do we need such a platform?

Especially the COVID-pandemic showed us: no conferences, no trade fairs or
conventions were possible.

> HOW can companies and organizations
> still interact and connect with each other?
> find new and suitable business partners?
> promote and market their services and products?

> advertise their own business ideas and find partners to bring them to life?

Y4
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Biogas & Gasification Matchmaking Platform

= online and platform which facilitates and is
considered as an for EU companies and for
stakeholders in countries of the global south to get in contact and connect
with each other

> of biogas and gasification related stakeholders from EU and non-
EU companies

> feature

> to promote business opportunities

> on available biogas and gasification technologies and
services
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Biogas & Gasification Matchmaking Platform

Stakeholders
European biogas industry:
manufacturers, technology

developers, equipment suppliers,

project developers, turn-key
providers etc.

137

Stakeholders
Project developers, Food- and
Agro-Industries, farmers, decision
makers etc. in Argentina, Ethiopia,
Ghana, Indonesia, South Africa
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Biogas and Gasification Matchmaking Platform

Biogas and Gasification Matchmaking Platform

The only matchmaking platform for biogas and gasification you ever need.

Company proﬂles

the biogas and

Explore profiles of the world leading companies and
entrepreneurs in the biogas and gasification sector.
Browse companies by categories or view them on the
global map. Find an appropriate partner to bring your
ideas to life!

Join platform for free!

Busmess opportunltles

ir needs and

Become a participant of a dynamic and evolving
marketplace for making business deals. Build
collaboration with various experienced biogas
solution providers by selecting one of the existing or
posting your own request for a biogas solution,
service or project idea.

Knowledge base

dg cation related information

Are you new to a biogas sector? Get insight into the
biogas sector by reading our selected list of relevant
literature sources. Developed factsheets are created
to summarise basic elements of the biogas plants and
present this information in an easy to understand

way.

Log In / Sign Up




L Biogas and Gasification Matchmaking Platform

Biogas and Gasification Matchmaking Platform

The only matchmaking platform for biogas and gasification you ever need.

Company profiles

Explore profiles of the world leading companies and
entrepreneurs in the blogas and gasification sector.
Browse companies by categories or view them on the
global map. Find an appropriate partner to bring your
Ideas to life!

Join platform for free!

Become a participant of a dynamic and evolving
marketplace for making business deals. Build
collaboration with various experienced biogas
solution providers by selecting one of the existing or
posting your own request for a biogas solution,
service or project idea.

Are you new to a biogas sector? Get insight into the
biogas sector by reading our selected list of relevant
literature sources. Developed factsheets are created
to summarise basic elements of the biogas plants and
present this information in an easy to understand
way.

Log In / Sign Up




G Company Profiles

Company profile wizard
> create a company

profile and = m 5 - A
p rese nt th e General information Contact information Field of business Reference projects Attachments Publishing

technologies and
services you offer

B3 General information

Name of the company *

Company profile *

Brief description of company profile 0/2000

(2 select Company Logo

YA
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G Company Profiles

141

Company database

Already 136
companies are
registered!

Home / Company profiles ! ...

£ Fachverband
(8, BiDGAS

ogss Assocsation

Home # Al company profiles

All company proﬂles'?'

a

Cwnder by (%) Recenlty updated 4 Company name

B x

German Biogas Association - Fachverband Biogas e.V. (FvB)

Updated: 5
Addres:
Web pags: hrtns v biogss org/=deom webfib o

ep 27, 2021
qutschland, Freising. Angerbrunnenstralie 12, 85356
dlen Homepags

The German Biogas Association brings together operators, manufacturers and plannersof it encourages the exchange of biogas relzted information and knowl example
biogas plants as well as representatives fram science and research, and interested parties  through collecting, evaluating and spreading knowledge of scientific findings and practical
from all over Germany. Since it was founded in 1992. the Association. with over 4700 experiance. or by means of conferences, exhinitions and other svants. The AzsoTiation is
members, has become Europe's Strangest organization in the area of biogas hosting the annual BIOGAS Convention more than 7,000 visitars it has became the
In addition to its headguarters in Freising, it has an office in the capital, Berlin, as well as most important mesting place for biogas industry stakeholders from Germany and across
five regional offices throughout Germany. The German Biogas Assodiation employs about the globe. As a consequence of bath participation in EU projects and membership of the
40 permanent staff membe ntensive political advacacy at EU, federal and state European Biogas Aszociation (EBA), the German Biogas Association actively promates the
lavals, the Association campaigns for the increased use of biogas technology. Furthermore,  intarnational axchange of axperience.

1S0 20675:2018

i3

infoEhiozas.ore
0045 8151 / 384860

IS0/AWI 23530 IS0 24252

Biogas — Biogas oroduction, conditioning, upgrading. and Household Biogas System Requirements Biogas systems — Non-houszhold and non-gasification

utiliz,

.‘. Company categories

Biogas expert

Enviranmant
Safery

Qther services

tien — Terms, definitiens, and classification scheme

fclose to be published)

A

BioG GmbH

rrag

d New ara

iX HZ Holding Srl
¥ ltaly, BRUNECK

=

nale Zusafmmenarbeit
(GIZ) GmbH
¥ E

=

!G Energy AG
. o

-

Araersbic Digestion Gasification

Gastechnik Himmel GmbH

kompost

L
‘ &biogas
",‘-"':"’a—.-"-"',;-":ﬁ verband
Austrian Compost & Biogas

Association
v

a

a

WasteZEnergyLab
¥ 4 Tiow

-

-

TerraX Srl/GmbH
¥ Itaty, BRUMECK

]

&EBA

L e e ———

European Biogas Association
ot

]

I Factwerband
LOXTTITS

—

German Biogas Association -
Fachverband Biogas e.V. (FvB)
@ Dt

i}

ArleeGreen Renewables
PN ¥

& jul s, 2021
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G Company Profiles

) Home / All company profiles / Ansercbic Digestion  Services / Technical experts

and find companies that

best suit your needs i% =
> by categories éie =5

= Anaerobic Digestion Projectdevelopr Planning Fnance Consutn

=« Gasification

Environment Biclogy Safety Electricity

Other services

. . @
< Services / Technical experts + Register your company
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G Company Profiles

> Browse through the company
database and find companies that
best suit your heeds

9
> by filters

>

Home / Companies matchmaking

Companies matchmaking

-q_ Matchmaking filters

Find companies profiles by...

Business fields Company region

Company country

Select company business field Company region of origin

Profile updates Froject region

Company country of origin

Project country

Select when company profile updated Reference project region

Country of reference project

7
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G Company Profi'_es | (@ Anaerobic Digestion (A)

(O Gasification (G)

> Browse through the company
database and find companies that
best suit your heeds

>

[0 Show key projects

Biogas and Gasification Matchmaking Platform

| @ Anaerobic Digestion (A)

| O Gasification (G)

9

> by the global map

O Show key projects
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0 Company Profiles - Matchmaking Feature

> Find companies that match your needs and offer the services/ products you are

looking for

Home / Companies matchmaking

Companies matchmaking

-q Matchmaking filters

Find companies profiles by...

Business fields Company region

Company country

Select company business field Company region of origin

Profile updates Project region

Company country of origin

Project country

Select when company profile updated Reference project region

Country of reference project

145
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G Company Profiles - Matchmaking Feature

> Save filters to get internal platform notifications when new company matches the
saved filters

Save matchmaking filters

For easear overview you can label the selected
matchmaking filters, e.g. "Pump producers from
Germany"

Label
My matchmaking

Digital global
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G Company Profiles - Matchmaking Feature

- Mark companies
with a star to feature
them on your
individual

147

My watchlist of companies

Orderby: (& Recenltyupdated 1 Companyname T Company name

- -
\ kompost
&b|ogas EBA

1-50f5

giz

_/_ European Biogas Association
== verband
Austrian Compost & Biogas European Biogas Association Deutsche Gesellschaft fir
Association 9 Belgium, Brussels Internationale Zusammenarbeit
9 Austria, Vienna B Oct 15, 2021 (G |Z) GmbH
& Oct 15, 2021 Q Germany. Bonn
& Oct 14, 2021
* (a Fachverband % *
™ BIUGAS @ GreenCape
German Biogas Association - GreenCape

Fachverband Biogas e.V. (FvB) 9 South Africa, Cape Town

9 Deutschland, Freising & jun 10, 2021
8 sep 27, 2021
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‘A Biogas and Gasification Matchmaking Platform

Biogas and Gasification Matchmaking Platform

The only matchraking platform fo

Company profiles
Leading stakeholders in the

gasification s

Explore profiles of the world leading companies and
entrepreneurs in the biogas and gasification sector.
Browse companies by categories or view them on the
global map. Find an appropriate partner to bring your
ideas to life!

Business opportunities

marketplace for making dusiness deals, Builld

CORADOration with vanous experienced DIogas
solution providers by selecting one of the existing Or
posting your own requess for 3 blogas solution

service or project idea

as and gasification you ever need.

Knowl
Biogas and

Are you new to a biogas sector? Get insight into the
biogas sector by reading our selected list of relevant
literature sources. Developed factsheets are created
to summarise basic elements of the biogas plants and
present this information in an easy to understand

way.

Log In / Sign Up



Business Opportunities

where users can post requests or business opportunities/ideas

for collaboration on a service or project idea

A

Biogas and Gasification Matchmaking Platform ® AN ann-kathrinvan-laere@giz.de

Company profiles

B Companies explorer
=Q Companies matchmaking
=, Saved filters
IJ Companies on global map
Y My watchlist
= My companies
+ Add company profile
Business opportunities

B All business opportunities

Home / All business opportunities

: ... ©
Business opportunities

This section is intended to create cooperative connections and realize business opportunities. Stakeholders can post their business needs, project ideas and requests looking for
various services to build a successful business cooperation.

& lurnkey project provider / Wet digestion
B Oct 25,2021 @ Belgié, Roeselare, IEPERSEWEG 87, 8800
Through this way, Inagro VZW announces that it is issuing a public tender:

"The preliminary study and implementation of the refurbishment and further development of the existing small-scale digester

& lurnkey project provider / Wet digestion
B Oct 21,2021 @ Ethiopia, Bahir Dar, Pedaline, 1817

The water hyacinth (Eichhornia crassipes) is a free floating perennial herb found at the surface of rivers, lakes, canals and ponds
and may root in the mud of shallow waters. It is a rhizomatous and stoloniferous plant with long adventitious roots that can



Q Business Opportunities

> Describe your

150

and specify
what you are looking for

to the
marketplace where
suitable stakeholders can
get in contact with you

Business opportunity wizard

Looking for

1= Looking for

Anaerobic Digestion

General description Attachments Contact information Publishing

Gasification

Turnkey project provider

Component producer

Services / Technical experts

Maintenance provider

D000 0

Turnkey system provider

Component producer

Services / Technical experts

@000 0

Facilitators

€ Exit wizard
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‘A Biogas and Gasification Matchmaking Platform Log I/ Sign Up

Biogas and Gasification Matchmaking Platform

The only matchmaking platform for biogas and gasification vou ever need.

Join platform for free!

Company proﬂles Busmess opportunltles

unterpartie

Knowledge base

s in the biogas and

Explore profiles of the world leading companies and Become a participant of a dynamic and evolving Are you néw 10 3 biogas sector? Get insight into the
entrepreneurs in the biogas and gasification sector. marketplace for making business deals. Build biogas sector by reading our selected st of relevant
Browse companies by categories or view them on the collaboration with various experienced biogas terature sources. Developed factsheets are created
global map. Find an appropriate partner to bring your solution providers by selecting one of the existing or 1o summarise basic elements of the biogas plants and
ideas to life! posting your own request for a biogas solution, present this information in an easy to understand

service or project idea. Wy




Q Knowledge Base

>

152

In-depth studies, reports,
factsheets and videos on the
biogas sector from the biological
basics to biogas plant construction
and operation are found in this
section.

Literature sources

|. Biogas. Books, booklets and studies

Guide to biogas

Agency for Renewable resources, FNR, 2012

Guide to Biogas

From production to use

=

p
¥
)i e

i
= o]

A book that covers nearly all relevant aspects of biogas
topics, from general biological basics, feedstock,
technology. biogas use until biogas plant construction
and operation.

Biogas an introduction
Agency for Renewable resources, FNR, 2013
4 =\
TN

BIOGAS
an immod.ction

gl &

A shorter version of a book that covers nearly all relevant
aspects of biogas topics.

Big East - Biogas Handbook

2008

biogas

This handbook was elaborated through the joint efforts
of a group of biogas experts from Denmark, Germany,
Austria and Greece, as part of the BiG=East project,
(EIE/07/214/512.467620), running during the period
09.2007-02.2010, with the overall aim of promoting the
development of biogas from anaerobic digestion in
Eastern Europe

& View POF [ View PDF B View PDF
Factsheets
Feedstocks Digester Pumps, Pipes, Valves

Receipt, storage, pretreatment and handling

B view PDF

Biological process, process conditions, hydraulic flow

I vical process, process contitiont. ydeiniic fow
r———

B Vview PDF

Transportation of liquids and digestate

B View PDF




Additional features

> Platform notifications will inform users about matchmaking results.
> E-mail notifications will guarantee that potential collaborations will not be missed

A
L

Biogas and Gasification Matchmaking Platform ® AN annkathrinvan-laere@giz.de

Company profiles

Home / Notifications

Notifications £ Settings

+2. New matchmaking entry B2 Mark as read

18 minutes ago

B Companies explorer

=Q Companies matchmaking

=, Saved filters

IJ Companies on global map
We would like to inform you, that company BioG GmbH has matched your pre-defined matchmaking filter labeled as My matchmaking

* My watchlist View company profile List saved options
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Additional features

— Home / My companies / Deutsche Gesellschaft flr Internationale

Zusammenarbeit (GIZ) GmbH / ...

Deutsche Gesellschaft fur
Stakeholders can engage with the platform developers  Internationale Zusammenarbeit

through surveys and direct emails. (GIZ) GmbH statistics

The table below shows the statistics about the company profile page
visits. Statistics are updated approximately every 12 hours.

. . - Oy Y e et (mon
Company profile managers can view statistics o e e
Soon also available for Business Opportunity Section Latvia 1 1 1 15
Germany 0 0 1 1
Total 1 1 2 16
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Support to get started

ITF© 2021 | About | User manual 4 | FGP | FAQ | Feedback & | Imprint | Privacy statement | Contact us | Cookie settings |

- User Manual
- Fair Guiding Principles (FGP)
- FAQ

- Guided Tour for each section o
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Biogas
Cooperation

YA



The Biogas and Gasification Matchmaking
Platform in a nutshell.

- reqister for free as a user

—> create a profile for your company

- explore the company database and find suitable
business partners around the world

- upload a business opportunity / business idea
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Frank Hofmann, Fachverband Biogase.V.

“The German Biogas Association is expecting that the biogas
platform helps to bring biogas stakeholders worldwide together.
It allows interested persons to identify qualified biogas
technology providers and contact them. Additionally the
platform will help to bring individuals together, some knowing
about interesting locations with high biogas potential and others
that offer best solutions for that location.”

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement N 857804
The sole responsibility for the content of this document lies withthe authors It does not necessarily reflect the opinionofthe EU.



DiBiCoo
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Wondwossen Bogale, Iceaddis Ethiopia

“The Biogas and Gasification Matchmaking Platform is a great
opportunity to access leading stakeholders in the biogas and
gasification sector in Europe. The platform makes it easy to find
the right choice in implementing biogas and gasification
technology and brings business opportunities for importing and
exporting countries.”

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement N° 857804.
The sole responsibility for the content of this document lies with the authors. It does not necessarily reflect the opinion of the EU.




Visit our platform and register as user! <)

Biogas and Gasification
Matchmaking Platform

Biogas and Gasification Matchmaking .
Platform

(www.biogasplatform.eu)

LOG IN >

W Digital global
' Biogas
.V ® Cooperation


https://biogasplatform.eu/
https://biogasplatform.eu/

Other DIBICoo activities




DiBiCoo Demo Cases

Biogas Utilization
Gas upgrading

Feedstock
Wastewater

Organic municipal waste --" e Demo Case in

Electricity production (est.) Yo .= : South Africa
1.1 mio. m® bio-methane per year | =S .

Operation
Local micro gas grid injection

- More information on the demo cases on the DiBiCoo website
- Find request for collaboration on

Digital global
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Biogas Utilization
Combined Heat-Power

Feedstock

Thin stillage

Organic fraction of municipal
solid waste

Electricity production (est.)
17 GWh per year

Operation
Public grid injection

Demo Case In
Argentina

Biogas Utilization
Combined Heat-Power

Feedstock
Water hyacinth
Manure

Electricity production (est.)
13 GWh per year

Operation
Grid injection

Photo taken by Nega Tassie

Demo Case In
Ethiopia

Digital global
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Biogas Utilization
Combined Heat-Power

Feedstock
Palm oil mill residues

Demo Case In
Indonesia

2Electricity production (est.)
24 GWh per year

Operation
Self Consumption

Biogas Utilization A\ ‘i r :
Combined Heat-Power \ % -

Feedstock ﬁ £
Organic household waste . . lﬂ :
Faecal sludge and septage NerooraDrecsr " Chsimen BoatofDrectors Demo Case In

ﬂd'\

o Ghana
2Electricity production (est.) € :‘ ‘
24 GWh per year - "

Operation ~ §,

Dr. Richard Arthur Rev Mrs; Naaml Ahenkorah

Public grid injection Technical Director Adminidator
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Capacity Building and Networking

Matchmaking Events to bring exporters and
iImporters together

Study Tours (to Europe and partner countries)
for business delegations

Capacity Building Training Courses on biogas
project development

Business Design Trainings

Web Seminar Series

D

635

3\ gggigt:; global Web Seminar 006 :\@3

bislch, Cooperation

BI0O METHANE (CNG & LNG) AND WASTE TREATMENT

Alexey Mozgovoy Ing. Nicolas Marinelli Marion Melix
Fachverband Biogas Tecnored Energia Chargée de Mission Digestats
eV.(FVB) at ATEE Club Biogaz

Our 6th Web Seminar Series focuses on two important aspects:
ent. We will start with an introduction on bi t d i

nd Argentina. Th ond section dis =

ion and use in Argentina, The second section discusses
s. Register to hear from our global intellectuals and part of DiBiCo

https://bit.ly/3nfPcMP January 14, 2021 1:00 PM - 2:45 PM, CET
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DIBiCoo Virtual Study Tour

N k) o
y . .
& Jéhrlicher Durchsatz:
- ~ l-_‘ s - . i cthan
N ) < 2/ * . 7 ’

~

, + [ ~
Weighbridge f S W/ .
: ' & [Main digester 4 i ST ——
. 5 B Al

100 virtual study tour biogas plant Bruck an der Leitha DE

\'// / 7 \ POSt d | 24 ester . | irmire s 22092021 55 GPo0 2 TELEN =+ SPEICHERN

|Digestate storage tank |

Wolfgang Veszély
Technical Service MSRSESE AVAAUESSHNrS m
—asttacheves very eoodsieving resuits -

> M0 o B & (@ OS] 2

DiBiCoo virtual study tour biogas plant Augsburg EN 1

3 GPO ) TELEN =+ SPEICHERN ...

DiBiCoo virtual study tour biogas plant Utzenaich EN

76 Aufrufe » 01.10.2021 56 GFO ) TEILEN =+ SPEICHERN ...
Digital global

. .
f/t st o ABONNIEREN ‘ ' _J,J Biogas
oig-g’oo 84 Abonnenten '
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Analysis of Biogas Markets

.

[ Authorts):

D|B|C'oo

Digital global
gas
Cooperation

Biogas Financing Options in
Argentina, Ethiopia, Ghana,
Indonesia, and South Africa

(RO, Jorge
Hibert (INTA), Sinshaw Alemmu (Iceaddis), Mandisa Mihize

(GreenCape), Mutala Mohammed (ISEES), Wondwossen Bogale
Eremed (Icoaddis), Yaseen Salie (Greencape)

AEA, EBA, FvB, GIZ, WIP, INTA, Iceaddis, Selectra, ISEES,
Greencape

08.05.2020

D34

DIBICoo - Digital Global Biogas Cocperation
Grant Agreament N'857804

D|B|C'oo

Digital global
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Global diffusion of biogas technology
Research needs to fast track the renewable
transition of developing economies

D|B|C°oo

Digital global
Bio

as
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Biogas Markets and Frameworks
in Argentina, Ethiopia, Ghana,
Indonesia, and South Africa

Avia Rahmatzatran (RDI). Dwight Rosslee (Selectra), Elisabeth
Rianawati (RDI), Ichsan Hafiz Losksmanto (RDI). Jorge Hibert
(INTA), Sinshaw Alemmu (lceaddis), Mutala Mohammed (ISEES),
Wondwossen Bogaie Eremed (Iceaddis), Yaseen Salle (Greencape)
AEA. EBA. FvB, GIZ, WIP, INTA. Iceaddis, Selectra, ISEES,
Groencape

02.07.2020

Autorst: Cscar Gue (WIPIASOG Uners®y Copenhagen))
Domink R (WIP), Felx Comagen (AR, Rainer Janssen IWR)

Biogas plants usually receive feedstock from
different suppliers in the surrounding area. As each
supplier may deliver different qualities and
quantities of feedstock the following measures
need to be taken:

Registration of the charge
Saesialinigios

Receipt, storage, pretreatment and handling

FEEDSTOC

«

B. Animal by-products, like manure, dung or urine
are usually fed daily into the digester.
3. If wet, like liquid manure, it can be pumped.
b. If dry, like a mixture of dung and straw, it can
be transported by wheel loader or other
technologies.

Taking retain samples
Pre-treatment

Optional technical pre-treatment
processes, such as sanitation and
hydrolysis

« Storage

Each delivered charge
from external
feedstock  suppliers
must be checked to
guarantee that only
suitable feedstock gets
into the digestion
process.

Figurs 1: Botch test determining
the methane yield of specc
substrote: @Kichmeyr

Typical feedstock

A. Agricultural residues which accrue in huge
amounts during the harvesting season are
usually seasonally stored and fed into the
digester by following means:

a. dry and not sensitive to self-decomposition,
it can be first stacked in halls, then
transported with a wheel loader.
wet and sensitive for decomposition, it is
most common to store the feedstock in
vertical or horizontal airtight  silos,
transported automatically via auger, conveyor
belt, press piston, or with wheel loaders.
not sensitive to self-
it can be stored in tanks and

=

C. Organic waste

food,
industries, all other organic waste materials may
contain several impurities which need to be
removed and then, if containing animal by-
products, itiz

to prevent hygienic problems. The additional
handiing and pre-treatment depend on its origin
and characteristics.

Organic wastes from households are usually

organic waste) and are constantly delivered.
Organic wastes from supermarkets (expired food)
needs to be unpacked. Unpacking, removal of
impurities and crushing is usually done in one step.

Organic wastes from catering services needs a
removal step of impurities and a crushing step..
Organic wastes from food, feed and beverage
processing industries (e.g. from sugar mill,

mills, breweries, dairies, slai

very dif t d

D|B|(foo

D:gltal global

Biogas
Cooperation

Overview and Categorization of
European Biogas Technologies

- Introduction: Anaerobic Digestion -

Review:

Author(s):

Franz Kirchmeyr (AKBOE) & Bemhard Stiimer (AKBOE)

AEA, EBA, FVB, GIZ and WIP
15.04.2020
D22
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How can you take part?

. Register on the Biogas and Gasification Matchmaking Platform

advertise your biogas project opportunity on the platform or find
project opportunities to create new business collaborations

get to know relevant business partners and stakeholders from
around the world

get information and advisory on European technologies as well as on
market conditions in the target countries

. Stay tuned for updates on future training courses, web seminars,
the demo case program and many more activities

. Become part of our network and help us to enable knowledge

exchange @
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If you are interested to
join, please contact us!

I
/2

¥ www.dibicoo.org

Bl facebook.com/dibicoo

2 @dibicoo_eu
& Ann-kathrin.van-laere@qgiz.de or

wr

Johannes. Anhorn@giz.de

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant
agreement N° 857804. The sole responsibility for the content of this document lies with the authors. It does not necessarily reflect the
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http://www.dibicoo.org/
mailto:Ann-kathrin.van-laere@giz.de
mailto:Johannes.Anhorn@giz.de

BREAKOUT SESSION: DRIVING
INNOVATION

Question & Answer Session

B . Marieke Verbeke, Systemic EU project
u ro peqn Francesca Magnolo, Gent University
s | ., August Bonmati Blasi, IRTA

Pl : ~o Ann-Kathrin van Laere, DiBiCoo EU Project
erence

» 26-27 October 2021



