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& AD as a multi-product Biorefinery

Anaerobic Digestion as an effective Carbon and Nutrient recycling platform
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Number of biogas plants

Biogas production plants in Europe
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“\ Primary energy production from Eiogas
in Europe

Evolution of primary biogas energy production in European union (EU 28) since 2000 (in ktoe)
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Primary energy production from Eiogas
in Europe
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(EBA, 2018)

= Annual production of biogas in the EU will reach 41 Mtoe in 2030 (EBA)

= Estimated annual production potential of biogas in the world can reach 658 Mt CH,
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Electric capacity from Biogas in Europe
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& Biogas quality requirements

INTERNAL COMBUSTION ENGINEES

Siloxanes < ppm,
H,S <200-1000 ppm,

Upgrading

TURBINES & MICROTURBINES

Standard
EN 1 -2
‘ Siloxanes <‘.006 ppm,
gy —— H,S<10000 ppm,
e S VEHICLE FUEL
FUEL CELLS
INJECTION INTO
. NATURAL GAS GRIDS Staggard
Siloxanes <J. ppm, EN 16723-1
. H5<10 ppm,




Biogas upgrading plants in the IEA
Bioenergy Task 37 group countries
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Biomethane production (GWh)

Biomethane production in Europe
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Distribution of Biogas upgrading plants
in the IEA Task 37 group countries
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Biomethane cost ( ct€ kwh-?)

The price of Biomethane
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CO, Removal Technologies



CO, Removal Technologies

A large portfolio of technologies

Scrubbing
=  Water
=  Chemical
=  Organic solvent

ABAD
Bioenergy®
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Distribution of CO, removal technologies
in IEA Task 37 group countries

Cryogenic
separati

Organic physical
scrubber 6%

Membrane 10%

(IEA, 2014) (IEA, 2018)
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Biological CO, Removal Technologies

Universidad deValladolid
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Biological CO, Removal Technologies
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Biological CO, Removal Technologies

Universidad deValladolid

HES + 02 9 8042_
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Key operational parameter: Recycling Liquid/Biogas ratio Separation Unit




Biological CO, Removal Technologies

| Photosynthetic Upgrading
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Biological CO, Removal Technologies

l_ J |ChemE

Sustainability

IChemE Sustainability
Metrics

Bio-methane

Photosynthetic vs
# physical/chemical
processes

Environmental

HRAP Absorption Activated Water
column carbon filter scrubber

Upgrading Capacity: 300 Nm3/h of biogas
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Contents lists available at ScienceDirect

Algal Research

‘-;\

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

A comparative analysis of biogas upgrading technologies: Photosynthetic vs @ CrossMatk
physical/chemical processes

Alma Toledo-Cervantes®, José M. Estrada®, Raquel Lebrero®, Radl Muiioz™*
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Biological CO, Removal Technologies
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Biological CO, Removal Technologies
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& Biological CO, Removal Technologies

Renewable Energies
Seasonal surpluses

Ex-situ

[ o

Excess
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__Digester

60% CH,

40% CO,

Liquid Out

—> Upgraded gas

Influent Biogas
Composition
(CH4:COZ)

30:70 45:55 60:40

Final [CH,]
(% vol/vol)
Final [CO,]
(% vol/vol)

Upgrading Capacity
(m3m=3d1)

98 98 98

1.2 1.5 1.5

13 11 9.5




Biological CO, Removal Technologies
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Biological CO, Removal Technologies

Ex-situ \

Pilot Scale

[—

Full Scale: in 2-3 years
BioUpgrade Project - Lemvig Biogas plant

eFUEL Project - Midtfyn Biogas Plant

-
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0, and CO, CH,, H, and CO,
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& Biological CO, Removal Technologies
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Biological CO, Removal Technologies
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Contents lists avallable at SclenceDirect

Bioresource Technology

ELSEVIER Journal homepage: www.elsevier.com/locate/blortech

Assessing the potential of purple phototrophic bacteria for the simultaneous
treatment of piggery wastewater and upgrading of biogas

David Marin®™*, Esther Posadas®, Dimas Garcia™®*, Daniel Puyo]:', Raquel Lebrero™",
Radl Mufoz™™*
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2500
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H,S Removal Technologies



Upgraded
biogas

Raw biogas
Nitrate solution
pH control
HCI/NaOH

0,/NO,

UunB

Universitat Autonoma
de Barcelona

= Based on the action of lithoautotrophs: H,S as energy source

I "

= e-acceptor: O, or NO;

= EBRT = 2-16 min > H,S-RE = 99%

Aerobic
H>S +0.50, =S +H,0O

H)S + 20, 2S04+ +2H"

Nutrient
solution .
Anoxic

3H>S +NO3y > 3§+ 05 N2+ 3H20

3H3S = 4NO3” 2380+~ + 2Ny + 6H®



Biological H,S Removal Technologies

: f

NITRIFICATION TANK  BIOTRICKLING FILTER
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Digestate Raw biogas 7 *
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NO; |4 i:

culation ™ Pump
Solution g
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UCA

Universidad deValladolid Drain

= H,S-EC=280gS m-3 h1 (RE = 96%)
= EBRT= 3 min

P
URBL&FIN

urban biorefinery




-
H,S- free Biogas

= No need for external desulfurization

= No impact on AD

= Periodical cleaning of AD headspace




\ Biological H,S Removal Technologies

l l O, generator

93+3% O,

Biogas composition
Infra-red & electrochem.
(CH,, CO,, O,, N, ,H,S)

2400m:? sludge digester
O, inyection into the headspace

WWTP for 100,000 p.e. Biogas flow rate
Ultrasonic flowmeter

b 22
aqualia

Universidad deValladolid



0, Dosing Rate (m3d-?)
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Biogas

Membrane

N\

Air -

=——— 1>
Blome?_ﬁ: brane

—>

= H,S removal over 99%

= Minimum N, or O, contamination of biogas

=  Minimum sulfur deposits outside the membrane surface

Substrate

6 Ustav technologie vody a prostiedi
VSCHT PRAHA




Operating Cost of H,S Removal
Technologies

0.04
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Operation Cost {€ )

0.01 ~

0.00 -

Chemical Adsorption Aerobic Anoxic Microaero bic
Precipitation Biofiltration Biofiltration
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Siloxanes Removal
Technologies
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Biological Siloxane Removal Technologies

= Siloxanes are biodegradable

= Siloxanes removal is limited by gas-liquid mass transfer

' 'ﬂ l“ TPPBs are based on the addition to a bioreactor of an immiscible,
‘ ’ v non-volatile, biocompatible and non-biodegradable organic

E '.41 Wéﬂé’ solvent with a high affinity for the target gas pollutant.....
et g

R, “r

e. g.
Silicone oil

g
T

-

(=1

(=]

_ 45 FN_A_{ 90
', —
E 4 o0 E Heptamethylnonane
Eas- 70 %‘
8 301 60 3
Ezs- 50 &
£ 201 L40 3
B g
§ %7 < | [ 2
B o
© s, +RE |}10

0 T T T T T T T s ™ - ' 0
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EBRT (min) (Popat y Deshusses, 2008)



Biological Siloxane Removal Technologies

URB{&FIN

urban biorefinery

ase partitioning Bioreactors
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30 - 9 0.15 -
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10 | 0.05 -
'm0 el P TR
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Biogas bioconversion into
commercial bioproducts
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Biogas bioconversion into commercial

bioproducts
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o s )_x
" s A CHEMICAL BUILDING
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& Biogas bioconversion into commercial
bioproducts

Contents lists available at SclenceDirect

EGRERNG

Chemical Engineering Journal

Type “ /O ELSEVIER journal home page: www.elsevier.com/locate/ce]
metha nOtrOPh ?/T 0 szaﬁi;b;zidi foag:;zﬁzygginwﬁ:e;lg:ggnﬁzg by Methylocystis hirsuta: A @l IIIIIIII
l PHAS ;& lM*w‘, : rmmbmf.-mwo,';umwm.LM;arfo;McmwemmmnM
Biogas " : F .
(CH, emission) 9 VFAs Hydrolysis
tank
%
Organic substrate PHA content  HB fraction HV fraction
(wt %) (mol %) (mol %)
U RB@:”\I 43.1+1.8 100 0
52.3x0.7 100 0
urban biorefinery
47.9 £0.7 98 2
522+ 2.1 100 0
53.8+0.8 75 25

Universidad deValladolid



Biogas bioconversion into commercial
bioproducts

IChemE

Sustainability

100 % biogas to CHP

Off-gas (Ny, COy, CHy)

Off-gas [Nz, COy, CH)

100 % biogas to PHA =

o
55 % biogas to CHP+ 45 % biogas to PHA

Universidad deValladolid
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N Biogas bioconversion into commercial
bioproducts

W Investment (€) @ Operational costs (€/y) [@Sale revenues (€/y)

8.000.000 €
7.000.000€
6.000.000€
5.000.000 €
4.000.000€
3.000.000 €
2.000.000€
1.000.000 €

- €

+0,09 € Nm?3

+0,09 € Nm?3

+0,06 € Nm?3

CHP PHA CHP+PHA

PHA production ~ 1,900 kg PHA d*  PHA production ~ 800 kg PHA d-!
PHA selling price ~ 7,1 € kg! PHA selling price ~ 4,4 € kg!

Universidad deValladolid



Biogas bioconversion into commercial
bioproducts

Biogas (CH,, CO,) Exhaust gases

Contents lists available at ScienceDirect
lllllllllllllllllllllllllllllllllll

E _________ ————) Journal of Environmental Management
! vaosm Otlc Research article
Sh ocC k Valorization of CH4 emissions into high-added-value products:
Assessing the production of ectoine coupled with CH4 abatement
(0% N a CI ) Sara Cantera, Raquel Lebrero, Lidia Sadornil, Pedro A. Garcia-Encina, Radl Munoz®
: 70
: : i
i . o
N eH,
. - - = E
Biogas : High mass transfer bacterial £ 50
QT
reactor (6 % NacCl) 52
Ectoine is an osmotic cell & § b
. . 8 o b
- protector with a high 3= .
v 30
- market value (> 1000 € kg!) ¢ £
15
20 a " ,
a a T ;
. a a I a a
N - 10 ; : f
| TLRS - TLR 7 D H c ﬂ
= 0 i —-—
AnaerObiCdigester 2 4 20 005 25 50 0 3 6 9 25 30 35
CH,4 concentration  Cu?* concentration NaCl concentration Temperature
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'rill ‘

1 Biogas represents a valuable feedstock for t‘ productlon of commaodities and high-a
value products
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