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-The core of integrated processes (2001)

ANAEROBIC
TREATMENT
: Hydrolysis
Very high polluted > Acidification > Effluent
Wastewaters Methanogenesis
Waste Organic | » Hydrolysis Enkancing biodegradabilit
water suspended solids " Acidification and progductiongof VEA d
Hydrolysis or
@ Wastewaters ——» Acidification or » Biotransformed effluent
with toxic compounds (Methanogenesis)

Wastewaters idificati :
; : Acidification Metal sulphide
with organics, sulphate " - B
@ and heavy metals Sulphate reduction removal
» Methanogenesis > Effluent

N taini Hydrolysis
@ - containing » Acidification Denitrification | Nitrification » Effluent

wastewaters (Methanogenesis) A

roup (Lema & Omil, Water Sci.Technol 2001)




-Papers on Anaerobic Digestion (Scopus)
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-Papers on Anaerobic Digestion (Scopus)
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-Source
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-Conventional STP

T co,

COD, N, P

. Sewage Treatment Plant
Solids

Treated wgter

Sludge

Energy
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-A more advanced concept: Eco-Innovation

ICO TGHG IVOCS

Reuse water
>

COD, N, P, SO|IdS S
Biosolids
Micropollutants \O(\ lant —
C \) Recovery E;oducts

||

Energy
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-“3 R” Objectives in WW Treatment

Energy, Metals
Chemicals, Nutrients,
Recover Bioplastics, Electricity,
Cellulose...

Re-use

Water and sludge of
sufficient quality




-“3 R” Innovation in WW Treatment

Re-imagine

New conceptions

Re-Think

New flowsheets




-New opportunities for AD

= Sewage treatment !

(Retrofit) (Re-think)

= Sewage treatment }

(Re-think)
= BioMethane

" Biorefinery }

(Re-imagine)

BI& Group
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Sewage Anaerobic Treatment




Retrofit

Primary

settler

Influent
 —

Activated sludge reactor
Aerobic

Anoxic

Effluent

T [

Thickening tank

Aeration

! Secondary

settler

Primary sludge

Biogas
4—

Sludge digester

BI& Group

Thickening tank

<Seconalar.y.slualge...4i

Dehydration

i)

Water line
Sludge line

||
o
Yﬁ Dehydrated

sludge




-Anammox

Anammox

EZZZZZZZZZZZZZ'.'.'.ZE{:‘.Noa
-~__-7
NH,*-N
Two steps ,
Partial
nitrification

BI& Group

Anammox




-Nitrogen removal by Anammox

One step.

BI& Group
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-ELAN®. Guillarei-TUI (Spain)

T
" e ;
N 1] o, ¥
r " ‘E‘ WH{“«T\/A
L Iy
|

T;‘ |

! - 3 A I M.‘.“"\‘M‘W

== Wl

i It .

! " M\\ I ‘\\"\\“\"v“n“,\

:l j | ‘\\\.\\\i“.\‘h\“\“‘

it 1 il

' i i . e I‘j——i '
:[ sl s |8 *[;]
oot =B NI
. | R
o | L 1 e
! ? i
B
ol i
z{ L@_-_J}] ol
S o

»L____J_ﬂﬁ
- s
O o’ 0 T
9

Q 0‘0’:’:’:’:’:’:‘:’:’:’:’:’:’:’:‘:‘:‘
RS
9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.

%
536
55
S
&
5




-Anaerobic treatment of Sewage

Curitiba — Brazil « Design population: 600,000 inhabitants
UASB reactors + DAF - Flowrate: 1,100 L/s




-Anaerobic treatment of Sewage at moderate T

Biogas

——

&/.
Anaerobic

. * Nutrients
Primary treated e
Urban wastewater *CH, emissions
20-30¢2C

UASB
-

*Energy savings
*Low biomass production

BI& Group




-Pilot Plant in Rotterdam (main stream)

e » : ; ; - :
J Pilot Main’Stream Rotterdam, 2012
a2 c - e
VLR ~ 0,2 kg N/m?.d

j Stable granulars

No bic-augumentation | s . -
Proof of practice 2013-2015 R " B




-Anammox on main stream atlow T

“

-gNL dl  gNL!d? g-N, g-VS51 d-!

1.85 2.38 0.60
1.19 1.58 0.30
0.51 0.69 0.12
0.34 0.34 0.06

Direct growth on wastewater possible until 10 C
No direct negative influence of BOD

Lotti et al. ES&T 2014
BI& Group




Rethinking STPs

Primary

settler
Influent

Activated sludge reactor

Anoxic

 —

Aerobic

Effluent

T [

Thickening tank
Primary sludge

Biogas
4—

Sludge digester

BI& Group

Aeration

! Secondary

settler

Thickening tank

<Seconalar.y.slualg:/e...4i

Dehydration

i)

Water line
Sludge line

||
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sludge




-High Rate (Low SRT) reactor + Anammox

Aerobic
SRT: 2d /

Primary settler

Influent L el oL o [
_> —"’on °o°°o
oo °°°°°n° nng -I—>
|;| oun °mo°°ﬁ° I;'o I
= [
o i Secondary |
) 1
Thickening tank : SEHE] L o
—————————— ! Secondary sludge
Thickening tank | |
Primary sludge ] > |
L e T
-S|
T-P | s [ ; Dehydration —— Waterline
| I SR 5 system  [~x—Fp—po | ------ Sludge line
Eu [
Bi ’
iogas : qﬁ e
; ehydrate
w sludge
Sludge digester
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-Enhanced precipitation (EP)

= Enhanced precipitation (80% TSS removal) —:T

=

Secondary Settler

ceit >




-EP. Plant Wide Modelmg Simulation *

Variable Increase/Decrease

Oxygen -22%
Electricity production  +33,6 %
Biogas Production +35%
Sludge production - 8%




-Plant Wide Modeling Simulation
éé)%

40% Reduce

20%

0% -

Electr

-20% -

-40%

Thanks to Tamara Fernandez-Arévalo

COIT  TiANMX  ®TPT+ENH.PRECHANMX  TPT + HIGH RATE + ANNOEA L




Re imagining

Primary

settler

Influent
 —

Activated sludge reactor

Anoxic

Aerobic

Effluent

T [

Thickening tank

Aeration

! Secondary

settler

Primary sludge

Biogas
4—

Sludge digester
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Thickening tank

<Seconalar.y.slualge...4i

Dehydration

i)

Water line
Sludge line
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o
Yﬁ Dehydrated
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-ALL GAS Project

Disintegration of
Biogas solids Waste biomass

o

Influent

Sﬂ{‘fledrg/‘?iser
Disposal

9 .
aqualia aqualia




-Raceway

Aqualia

’gqualia




-Extension to 4 Ha. 2500 m3/d = 25 % of STP flow

>»
e
1 &

Aqualia
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CONDUCCIONES : TOMA ELFUENTE §

! PRINARIO A RW'S
PUNTO RETORNO :

EFLUENTE CLARIFICADO ¢
: (CABECERA} BIOLOGIOR)

-GASES CE COMBUSTION

- ACOMETIDAS ELECTRICAS

- AGUA SERVICIOS :
DIGESTOR ANAEROBIO BIOMASA
'ALGAL. DIMENSIONES APROXIMADAS

©20 X 5m (1.500 m3). 1 + 1 (PCSIBLE
AMPLIACION FUTURA)

NANU
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LENTE AT05
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—tr e i
ey

#7ONA COSECHADO |
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- Granular anaerobic MBR and nutrient absorbers.

Screen

/

Primary

Sedimentation

Raw — g
wastewater /

o

Disposal of gross
solids

/| A

Thickened
Primary
sludge

pump

Thickener

1v12Y
sludge

oo R — >
|  Nutrient rich
eluent

Sludge recirculation
loop to heat exchanger

N-Contactor
P-Contactor

Treated
effluent

Gas
engine

Anaerobic digester

Digested sludge pump

Imported grid
electricity

Sludge supernatant(Return liquor)

Cranﬁueld

NIVERSITY

<D

S—

Stabilised sludge L[ e
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Reuse

Sewage Anaerobic Treatment




-Anaerobic + Aerobic MBR (for water reuse)

Biogas CH, emissions
4 N~
MBR

25-50% CH,
(dissolved)

Primary treated
Urban wastewater UASB Permeate
10-20¢°C
\_T/
Air

*Low-strength *Energy savings High quality effluent
cAmbient temperature | °Low biomass production (COD, SS, microbiology)

BI& Group




-SIAM ©® Concept

50-75% CH,

wastewater

(biogas) CH, (GHG)
N, M I'NO
25-50% CH, 1 T/
(dissolved) £ 4 B )
. CH, + NO; ©
Anaerobic msgl;y Aerobic =) ¢
- - Y o
‘CH4 global warming potential of 25 ‘

BI& Group




-Background: CH, & N removal

Denitrification coupled to methane oxidation

With 25 mg CH,-L1
|

Aerobic pathway Anaerobic pathway

Methanotrophs + —_— NC10

denitrifiers

NO, 35 mgTN:L 2 removed
17 mgTN-L! removed

NO, 58 mgTN-L! removed

— ANME-2 + Anammox

NO; 118 mgTN-L? removed

BI& Group




-Pilot plant (SIAM)

Supplier Zenon 1
Type Hollow fiber i
Matherial PVDF o ==
Pore size 0.04 um :I 1 | -
Area 0.9 m? al'l ‘ (E 5
\ 3 2 = |
= AT,
L ¥ A

1 UASB reactor (141 1)

.~ | Support
2 Anoxic Chamber (42 L) o
3 Aerobic Membrane Chamber (22 L)

BI& Group




-CH, released

60

-¢-CH4 influent -0-CH4 Permeate

20 -

CH4 (mg-L-1)

10 -




-SIAM- MBR Comparison

Flux (L/m2-h) 5-10 16-24 12-17
Energy (kWh/m?3) -0.5/-0.7 0.2/0.4 -0.5/-0.7
Energy membrane 0.8/1.2 0.4/0.6 0.5/ 0.7
Total Energy 0.3/0.5 0.6/1.0 -0.2/ 0.2
CH, emissions Yes Yes No
Denitrification No Yes Yes
Sludge surplus 0.08/0.16 0.2/0.3 0.08/0.16
(kg SST/m?3)

m(}roup J. Garrido et al, 2015)




-Pilot plant (SIAM)

¥

AQUALOGY

(STP Cartagena, Murcia, Spain) YsC@
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Recover

1.- Biomethane
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Anaerobic (co) Digestion

Quality? Maximum production?

ENERGY CROPS l//
R— DIGESTATE BIOGAS
— Y-

- -

DIGESTATE STORAGE

. <
, BI0GAS ENGINE

HEATING SYSTEM

COGENERATION

it




-Co-substrates blending... Let’s try!




-A more rational approach




-Closed-loop control strategy

Control cycle = ¥4 HRT QCH,” Ratio* (Set Points)
Indicator C fCH4 QCH4
fRatio Ratio
. froio fons If Faugo >0
« | Indicator C :{ ane g i o
g Ratio I Ratio —
£ [ [Limit ey, = Limite greyr +C - (Limit,y g, — Limit g, )
é’ £,
= | Linear restriction LOW HIGH 06 |
§ | OLR (g cOD/L-d) 0 5 e TN 00 o =
ié N-TKN (g N/L) 0.2 4 Alkalinity Ratio 0 5 F"lecf;-{" {m;imtd) 20 25
8_ M-m-sture (kg H,0/ke) 5 - Apply to most active restriction
© | Lipids (g/L) 0 10
‘S | Alkalinity (g CaCO,/L) 2 8
S | Na+ g/1) 0 3
+ | Biogas quality (ppm H,S) 0 10,000 Rati
1 atio (t) dt t) dt
= | Digestate quality (g COD/L) 0 6 - Ratio = ‘[# —_— M
= 5 [dt [ dt
=) |
= :
- i (% vol) ANAEROBIC
X1 (70 .
Flow CH4
BLENDER DIGESTER > FILTER
HRT Alkalinity Ratio
Linear Programming
Optimisation method

(Garcia-Gen et al, Water Research, 2015)
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-Operational strategy: Industrial pilot plant
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-Change of substrates fraction and OLR optimization
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-OLR perturbations

OLR (g COD L! d?); Biogas (L L' d1)

%e

H (9, ] ()] A\ ~N
Acetic and propionic concentration (g L)

;
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;
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-Microbiome as an “early indicator”?

~fn = LN ~
o (a'd o o
— — 5 — —
1 @) @) (@) O @) u f_[Cloacamonaceae]
B f_Pseudomonadaceae
Eo'g i |l f_Actinomycetaceae
w . l’_l‘;\-lll:v.’ult”vvlwl l'vl'ul—\-ul—
;0,8 1 == f_Anaerobaculaceae
E : B f_Bacteroidaceae
m0'7 h B o Bacteroidales
(¥t
206 | n
oY T
c o_Clostridiales
_go’ 5 o_MBAO08
— B f_Peptococcaceae
8_0,4 ] f_Acholeplasmataceae
2 B f_Lachnospiraceae
3013 7 f_Caldicoprobacteraceae
2 B o_Clostridiales
....0,2 N
© B f_Peptostreptococcaceae
:ESO’ 1 f Rum.inococ.caceael
=
O 0 f_Syntrophomonadaceae

f_Carnobacteriaceae
B f _Clostridiaceae
u f_[Tissierellaceae]

(Regueiro et al. Biores.Technol. 2015)
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Time
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(only one single

disturbance) \\
- Uncontrolled
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(several disturbances)
‘ LINK POSSIBLE ]
Time
| ‘ LINK NOT POSSIBLE

Methane production
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—— Proactive
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| Retrospective
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AD microbial management podium

Em(]roup (Carballa et al. Current Opinion Biotechnol. 2015)




-Biogas upgrading to Biomethane

Biogas Upgrading

S-m-

Natural gas

@_.

Industnal process

Heat

Biomethane
as fuel

BI& Group




-Biomethane plant
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-Biogas upgrading plants (2012)

Denmark 1_ Hungary 1_ Spain 1 France 3
Italy 1 Luxenburg 3
China 1 v s
Finland 5
South Korea 5
Japan 6
. Austria 10
Germany120
USA 25
Sweden 53
Figure 2-2. Location of 277 biogas upgrading plants, connected to anaerobic digeste}s,

in operation at the end of 2012.

B8 Group

277 plants

http://www.iea-

biogas.net/files/daten-

redaktion/download/Te

chnical%20Brochures/bi
omethane-status-

2014.pdf



http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf
http://www.iea-biogas.net/files/daten-redaktion/download/Technical Brochures/biomethane-status-2014.pdf

-Commercial Technologies

250 A
Crycgenic separaticn
Membrans
200 B Organic physical scrubber
m Chemical scrubber
m PSA
o
E 150 - = Water scrubber
a
L=
A
€ 100
=
S50
0

<2001 2001 2002 2003 2004 2005 2008 2007 2008 2002 2010 2011 2012
Year of commissioning

— : cm—



- Scrubbing (Water or Organic solvents)

Hepenerated water
To be dried

=06 H4 +
Exhaust gas
Ch, Hab, (O,

e
i Sripper ﬁ
Raw Biogas
(CH, €O, HS,etc) Recyelod CH, P=100kPa sy
! —
Compressors
P=900-1200 kPa o

k._.JH:T{]‘ H#‘_}@

Flash tank Al

E§Group (Yang, Ge et al. 2014)

P= 200-400 kPa —

American

Council

U'




-Pressure Swing Adsorption

Upgraded gis:

.................... Purge gas
i R— R
j:l—/|\ A Y o O

Compressar

HaS remaoval

|
I fo | b | WVBSEE R3S

Gas conditioning

| Condensate

DG

L
carborech Biogas upgrading plant Muhlacker,
B& Group AC GmbH GE (1000m¥h)




-Membrane separation

Biomethane
CO,,0,,H.0.HS... = [CH]>98%

CHs CHy¢ N, H,S €O, H,0

Slow permeation Fast permeation




-CAPEX

6000
£ smm\/\later scrubber
E 5000 === A\mine scrubber
E P S A
s===Membrane
g 4000 G
= s==mGenosorb
2]
.E 3000
Z
w2000
=
g
v 1000
n I T T
0 500 1000 1500 2000

Capacity raw biogas (Nm3/h)

Sun Li et al Renewable and Sustainable Energy Reviews, 2015
B& Group >C '




-Biological Biogas Upgrade. In situ”

4H,+CO,>CH,+2H,0

Biogas with CH,
content higher
than 95%

Biogas
¥

Water

Electrolysis
o -IIIIIIIIIIIIIII

Biogas Reactor Effluent Tank

- More info: www.biogasupgrade.dk

DTU

i




-In situ application

100 T T T |

9.0

Biogas composation (%)

PATENT
PA: 61/563,247

60 80 100 120 140

Time (d) DTU




& Electrochaea

Pilot at Foulum, Denmark
2013

* Biogas from the anaerobic digestion of manure
* 10 m?3 continuous stirred-tank reactor (CSTR).

* Thermophilic conditions. 60-65°C

* Hydrogen supplied from a storage truck

* 3,200 hours of operation




-Lab-Scale Biological Upgrading

"0. (o]
METHANOGENIC " °
BIOREACTOR ©

‘e,
‘a
T

Feed and produced CH, are sparged
through the membrane module to
create fine bubbles

mGroup Diaz, | et al . Biores.Technol.. (2015)
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-Biological Biogas Upgrade. Ex situ

4H,+CO,>CH,+2H,0

Novel ex-situ
upgrading reactor

than 95%

Water H, . Biogas with CH,
é E|ectr0|ysis a ' “ a content higher

Biogas

Organic
vases -IIIIIIIIIIII|||

Biogas Reactor Effluent Tank

- More info: www.biogasupgrade.dk

Mixed

\*hydrogenotrophic

culture

DTU

i




-Ex situ application

Mesophilic - Biogas composition

| |

0

g

| |

0 ——CH4 %
35 0 .
331 ——C02%
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20 0
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0 20 40 60 &0 100 120 140 160
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-Microbial electrosynthesis (MES)

[EEN
»

\
/

[N
o
L

v @
P
mmols CHgy

CH4 4 -

—0— Test 1
—— Test 2

O Test3
—O— Test 4

v— Test5-0CV
O~ Test11

Time (h)
Anode Biocathode

(Colprim et al. 2015)

— H+—|—Q — 0 O v YV T T T T T T
\ : / 0 50 100 150 200 250 300 350 400
|

‘lequia

ECO-INNOVATIVE

WATER SOLUTIONS




BI& Group

2. Biorefinery




-Biorefinery

Organic
residues
Protein Polymefic Lipids
carbohydrates P
= Hydrolysis
Amino acids Sugar monomers Fatty Acids
NH,* /\l/ = Fermentation
VFA
v \‘

R. Kleerebezem et al. Reviews in Environmental Science and Bio/Technology. (2015)

Bi®Group YR d




-Biorefinery

Bioplastics
\ (O,
,5{\00 e@\o Che S3nje
X N lh/;?l'r
2 Q% Chain elongation /\o)l\l/
[Reversi B oxidation] OH
Fuels (e.g. butanol) [Electrosynthesis]
N : Raw chemicals (e.g.
Organic n-Caproate, n- [Orga-mc VFA, esters, etc)
chemistry] Caprylic acid, etc ~ chemistry]

BI& Group




-Bottlenecks

11t g

BI& Group

Selectivity: Obtain certain

VFAs and the desired amount
of each one.

Product inhibition: Extract
the product to let the
fermentation keep going.




-VFA: Why is selectivity important?

Acetate Butyrate Propionate Valerate

PHB PHV

Brittle and stiff x
P(3HB-co-3HV)

More flexible
and tougher ‘/

%Gr oup Lee et al.: Chemical Engineering Journal (2013)




-Increasing selectivity

Feeding Substrate (co)
pattern concentration Substrate

B Group




-Influence of pH on selectivity

0.6, M Butyrate
Acetate
0.5 | [ Ethanol

Product yield (Cmol/iCmol-S)

Glucose (g/L)

05| M Acetate

06, [ Ethanol

'1,3-Propanediol

10

Glycerol (g/L)

0.6

0.5

I Butyrate
|Acetate

] Ethanol

11
Xylose (g/L)

Fig. 3 Main catabolic products of glucose, glycerol and xylose fermentation by open mixed culture at increasing substrate concentration in a
chemostat at pH 8, dilution rate 0.12 h™ and 30°C. The main other products were biomass, CO,, H, and formate

Temudo, M.: Appl. Microbiol. Biotechnol. (2008)
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-Influence of T on selectivity
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Jiang et al. Bioresource Technology 2013)
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-Effect of Electrochemical coupling and HRT

S5 Acetate [—] Propionate Butyrate

(b)

T &
=
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HRT 3h
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Fig. 2. TVFA yields (a) and the percentage of main VFA composition (b) in R1 and

R2. RE:

an acidogenic reactor with bio-electrochemical system. R2: common

acidogenic reactor without bio-electrochemical system. Error bars represent

DTU

| -——

standard deviation of statistical analysis. The measurement times for HRT 12, 6,

48,4 and 3 h were 18, 15, 18, 12 and 21 times, respectively.

Bioresource Technology (2015)

Zhang et al.:




-Thermodynamic-based Model for Products Yielding

Prediction

2 ADP + 2 Pi=—

HyO ATP MADH +H* NH

e ||
| siomess pmmny

ADP +Pi MAD®  MADH +H° \

l:rer-S-Cn::-.h‘-r Lactyl-S-CoA
FAD

MADH + H*
Malate <T|— Oxaloacetate

Succinate ‘l

[— CoA-5H

L
Succinyl-3-Coh

.l\. 3H

& Acetyl-P

Methylmalonyl-5-CoA

L
—»Propionyl-5-CoA

™ Cof-8H IMI

Hs0—
ADPE —
—=ATP
L 4
| Emnat& |

[BI®Group

I ] = 2 ATP

-
— 2 HADH *H* Fab 2Fd
- .
2 HADH +H* 2 MAD*
ATP —=2H,0 Fd,, FADH,

i CoA-SH — CoA-8
Fumarate | Formate| e R PO :
FADH, -
l_’ FAD ﬁu:et:d 5-Coh — 2x7—}m:etnatet -5-Cod

e-carriers

2Fd,, 2Fd,.,
2Fd,,
WAD* %’ HADH + H'
2Fd,,

Ethanol

FADH,
HADH + H* FAD
Acetaldehyde

HAD

CoA-5H NAD"
MADH + H*

J-Hydroxybutyryl-5-CoA

H,0
Co#-5H

Cmmmﬂs -Caa

-1|: |
Cof-BH

Eulyryl -5-Col

NADH + n

CoA- SH

Butyryl-P Butiraldhyd
NADH = H*
NAD*
Butyrate [ Butanol |

Hypothesis:

The species able to
harvest more energy in
the imposed conditions
will dominate the
process.

Gonzalez-Cabaleiro et al.
Plos One (2015)




-Acidogenic Fermentation.

Product Yield % /\
0.7 N\ )
v {
o 0.6
5
PAcetate 0 0.3
B Propionate g 0.4
>
Butyrate (E) 0.3
B Ethanol — 02 -
0.1
0 i

445 5 dS 6 65 7 15 8 88

EmGroup Gonzalez-Cabaleiro et al. Plos One (2015)




- VFA continuous removal

Conversion Integrated separation

P Ml
— a
w'® § | £ Fray
% *\s__ 2§ _____’_,;~' . ® O.Iy > ‘
Mixed culture *le
\ 4 Volatile Fatty Acids (VFA)

Ludo Diels (VITO, Belgiumi. http://www.water4crops.org
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-VFA Removal Technology: Electrodialysis

© - Reduced 1500 mg/I VFA
(acetic, propionic, butyric &
valeric) by up to 99% in 60
minutes.

+ve Electrode
9p0J323|3 9A

VFA

From ;2

Fermenter

Jones et a. Bioresource Technol. (2015) orifveaol




-In Situ Product Recovery (ISPR)

m Succinate (Cell recycle +
mono+-polar ectrodialysis,
Meynial-Salles, 2008)

[y
o

= M Lactate (Electrodialysis, Min-
=° tial, 2004)

S~

gas

£ ™ Lactate (Electrodialysis, Min-
= tial, 2005)

94

S

S B ABE (Gas stripping, Xue, 2013)

N

BE (Gas stripping, Ezeji 2003)

Without ISPR With ISPR

Van Hecke et al.: Biotechnology advances 2014
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- Wastewater to Bioplastics




Step 1. Natural Selection

Enrichment reactor

STRATEGY: Feast-Famine regime PHA consumption
PHA production during the famine

during the feast ENS

I EN]

DO profile
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Very fast substrate uptake




Step 2. PHA production

Bioplastic [wt%]
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80 wt% Bioplastic
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Time [h]

20

25 30




ICS

afd
(7]

L
Q.

9

-Wastewater to B



-Pilot plant of PHA (Aquiris. Brussels)

@ veoua

ENVIRONNEMENT




Pilot plant at Mars chocolate. Veghel (NL)

- Production at industrial location at
1 kg/day scale

- Reactor volumen: 300 L.

- The production has to be optimized
to bring down the production costs

2 euro/kilogram.







Princess
Aurora
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-The sleeping beauty...
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... and the Prince
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Who is the 375 rince !
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Brilliant future !!
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